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Abstract

Moon expeditions present astronauts with distinct health risks due 
to exposure to lunar dust and the physiological impacts of lunar 
gravity. On the Moon, lunar dust (LDS) exposure is a major con-
cern for long-duration space missions, setting up of a colony on the 
Moon, in missions where lunar dust might stow away on garments 
or cargo exposed to the lunar surface. LDS exposure may cause 
several changes in immunity and inflammation in the body. While 
Mars expeditions are planned, the Moon is a natural staging point 
for future interplanetary missions. The Deep Space Gateway could 
be the first platform for human exploration of the Solar System. 
Moreover, it would give the crew new access and a chance to ex-
plore and investigate the moon’s surface. This study encompasses 
the ongoing research effort using an Earth-based Differential Grav-
ity Analog Random Positioning Machine (RPM) to explore these 
hazards under simulated lunar conditions. This study will explore 
and explain the effects of lunar simulant on skin fibroblasts, im-
mune cells, and lung epithelial cells. Preliminary results show mu-
tagenesis in the lung cells, increased inflammatory mediators in 
immune cells, and dysregulation of focal adhesion kinases in the fi-
broblasts. In-depth analysis and the affected signaling mechanisms 
will be presented in this study.

Keywords: Lunar Dust, Lunar Gravity, Random Positioning Ma-
chine, Moon Mission
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Desafíos lunares: análisis de los riesgos para la salud 
humana derivados de la exposición al polvo lunar y la 
gravedad lunar en misiones lunares

Resumen

Las expediciones a la Luna presentan riesgos específicos para la 
salud de los astronautas debido a la exposición al polvo lunar y a 
los impactos fisiológicos de la gravedad lunar. En la Luna, la ex-
posición al polvo lunar (LDS) es una preocupación importante en 
misiones espaciales de larga duración, el establecimiento de una 
colonia lunar y en misiones donde el polvo lunar podría depositar-
se en prendas o cargas expuestas a la superficie lunar. La exposición 
al LDS puede causar diversos cambios en el sistema inmunitario e 
inflamación. Si bien se planean expediciones a Marte, la Luna es 
un punto de partida natural para futuras misiones interplanetarias. 
La Puerta del Espacio Profundo podría ser la primera plataforma 
para la exploración humana del Sistema Solar. Además, brindaría 
a la tripulación un nuevo acceso y la oportunidad de explorar e in-
vestigar la superficie lunar. Este estudio engloba la investigación en 
curso que utiliza una Máquina de Posicionamiento Aleatorio Ana-
lógica de Gravedad Diferencial (RPM) terrestre para explorar estos 
riesgos en condiciones lunares simuladas. Este estudio explorará y 
explicará los efectos del simulador lunar en fibroblastos cutáneos, 
células inmunitarias y células epiteliales pulmonares. Los resulta-
dos preliminares muestran mutagénesis en las células pulmonares, 
aumento de mediadores inflamatorios en las células inmunitarias y 
desregulación de las quinasas de adhesión focal en los fibroblastos. 
En este estudio se presentará un análisis en profundidad y los me-
canismos de señalización afectados.

Palabras clave: Polvo lunar, Gravedad lunar, Máquina de posicio-
namiento aleatorio, Misión lunar

月球挑战——探索月球任务中月球尘埃
暴露和月球引力对人类健康的风险

摘要

由于接触月球尘埃和月球引力的生理影响，月球探险给宇
航员带来了明显的健康风险。月球尘埃(LDS)暴露在以下情
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况中是一个重要关切：长期太空任务、在月球上建立殖民
地、以及月球尘埃可能会藏在暴露于月球表面的服装或货物
上。LDS暴露可能会导致身体免疫力出现多种变化和炎症。
虽然计划进行火星探险，但月球是未来行星际任务的一个自
然中转站。深空门户空间站可能是人类探索太阳系的第一个
平台。此外，它将为机组人员提供新的通道，以及探索和调
查月球表面的机会。本研究包括正在进行的研究工作，使用
基于地球的差分重力类比随机定位机(RPM)在模拟月球条件
下探究这些危害。本研究将探究和解释月球模拟物对皮肤成
纤维细胞、免疫细胞和肺上皮细胞的影响。初步结果显示，
肺细胞发生诱变，免疫细胞炎症介质增加，成纤维细胞中粘
着斑激酶失调。本研究将介绍深度分析和受影响的信号机
制。

关键词：月球尘埃，月球重力，随机定位机，月球探索

Introduction: The 
Return to the Moon

Humanity is embarking on an 
ambitious mission to return 
to the Moon through NASA’s 

Artemis program. This mission is more 
than just a symbolic return; it aims to 
establish sustainable lunar exploration 
by creating an Artemis Base Camp on 
the Moon’s surface and the Gateway 
station in lunar orbit. These facilities 
will support extended human pres-
ence, scientific research, and economic 
benefits while inspiring a new genera-
tion of explorers dubbed the “Artemis 
Generation.” (NASA, n.d.). The Moon 
offers numerous opportunities, from 
scientific exploration to resource ex-
traction. However, it also presents sig-
nificant challenges related to human 
health risks from lunar dust exposure 
and the unique lunar environment, in-
cluding its reduced gravity (Miranda et 

al., 2023). This summary explores the 
major risks of lunar dust and gravity to 
astronauts’ health and the technological 
innovations needed to mitigate these 
risks in future Moon missions.

The Moon has emerged as a cen-
tral focus for future space exploration 
due to a combination of scientific, eco-
nomic, and exploratory motivations. 
Its unique environment allows for re-
search and technology testing that will 
be critical for deep-space exploration, 
especially for future missions to Mars 
(Szocik et al., 2021). Economically, the 
Moon’s resources are of great interest. 
The lunar surface contains valuable 
materials such as oxygen, silicon, alu-
minum, iron, and the rare isotope he-
lium 3. These resources could be vital 
in building and sustaining lunar bases, 
potentially fueling deep-space mis-
sions, including those headed to Mars. 
Extracting and utilizing these resourc-
es could also reduce reliance on Earth’s 



162

Space Education and Strategic Applications Journal

supplies and help create a sustainable 
infrastructure for long-term space ex-
ploration. The prospect of mining the 
Moon for these resources makes it an 
attractive destination for future space 
ventures (Australian Academy of Sci-
ence, n.d.).

The inspiration and explora-
tion aspects of returning to the Moon 
are equally important. NASA’s Artemis 
program, designed to return humans 
to the Moon by 2025, aims to inspire a 
new generation of scientists, engineers, 
and explorers—the “Artemis Genera-
tion” (NASA, n.d.). This program is also 
a steppingstone toward international 
collaboration, laying the foundation for 
long-term human space exploration. By 
establishing a permanent presence on 
the Moon, humanity will take the first 
steps toward living on another celestial 
body, a goal beyond short-term explo-
ration. This lunar settlement will also 
serve as a testing ground for the tech-
nologies and life-support systems nec-
essary for missions to Mars, furthering 
human space exploration.

NASA’s strategy for returning to 
the Moon centers around several key 
components, starting with the Artemis 
Base Camp. This lunar outpost will be 
a habitable environment designed for 
extended human stays. Astronauts will 
be able to conduct experiments and 
explore the lunar surface in ways that 
were not possible during the Apollo 
missions. The base camp will be essen-
tial to NASA’s long-term plan to estab-
lish a permanent presence on the Moon, 
supporting scientific research and tech-
nological development. In addition to 

the Artemis Base Camp, NASA plans 
to construct the Lunar Gateway, a space 
station in lunar orbit that will act as a 
transportation hub between the Earth 
and the Moon. The Gateway will sup-
port both crewed and robotic missions, 
facilitating frequent travel and commu-
nication between Earth and lunar ex-
plorers. It will be pivotal in extending 
human operations on the Moon and 
supporting robotic missions that will 
scout the surface and prepare for hu-
man arrival (NASA, 2020).

Robotic innovation is another 
essential aspect of NASA’s strategy. Ad-
vanced robotics will assist in exploring 
the lunar surface, gathering data, and 
preparing the Moon for human settle-
ment. These robots will be crucial for 
building infrastructure, conducting re-
search, and even mining resources in 
harsh lunar conditions. Their role will 
be to ensure the safety and efficiency of 
human activities, allowing astronauts to 
focus on mission-critical tasks while ro-
bots perform the heavy lifting. Sustain-
ing a lunar base will require innovative 
energy solutions, and one of the pro-
posed methods is using nuclear fission 
power systems. These energy sources 
will provide the necessary power to 
keep lunar habitats running, particular-
ly in the Moon’s extreme environment, 
where solar energy may not always be 
reliable due to long lunar nights. This 
energy will support life-support sys-
tems, research equipment, and possibly 
even future manufacturing processes 
on the Moon (NASA, 2023).  Through 
innovative technology and internation-
al collaboration, the Artemis program 
seeks to establish a long-term human 
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presence on the Moon, paving the way 
for future missions to Mars and beyond.

Challenges to Human 
Settlement on the Moon 

Settling on the Moon presents nu-
merous challenges due to its hos-
tile and extreme environment. 

One of the most significant hurdles is 
radiation exposure. The Moon lacks a 
protective atmosphere, leaving astro-
nauts vulnerable to harmful solar radia-
tion and cosmic rays. This constant ex-
posure can increase the risk of cancer, 
damage to internal organs, and other 
serious health issues. Without Earth’s 
protective magnetic field and atmo-
sphere, astronauts on the Moon will 
need shielding in habitats or specialized 
spacesuits to mitigate the effects of this 
radiation. Developing technologies and 
systems to protect against this radiation 
is crucial for ensuring the health and 
safety of lunar settlers (NASA, n.d.).

Another major challenge is the 
reduced gravity on the Moon, which 
is only one-sixth that of Earth’s grav-
ity. Prolonged exposure to low gravity 
can lead to significant health concerns 
for astronauts. These include muscle 
atrophy, bone density loss, and reduced 
cardiovascular function. Over time, 
these effects can weaken the human 
body, making it harder for astronauts to 
perform physical tasks. While exercise 
regimens and equipment can help miti-
gate some of the damage, the long-term 
effects of living in reduced gravity are 
not fully understood, especially regard-
ing how the human body will adapt or 

suffer during extended stays (Willey, 
Lloyd, Nelson, & Bateman, 2011).

The temperature extremes on the 
Moon further complicate the possibili-
ty of permanent settlement. The lunar 
surface experiences wide temperature 
variations, with daytime temperatures 
reaching as high as 127°C and night-
time temperatures dropping as low as 
-173°C. These extreme conditions can 
affect both human health and the func-
tionality of technological equipment. 
Spacesuits, habitats, and life-support 
systems will need to be designed to 
withstand these harsh swings in tem-
perature, ensuring that astronauts can 
survive and operate effectively during 
both day and night cycles on the Moon. 
Any technological failures in maintain-
ing temperature control could have cat-
astrophic consequences for human life.

Lunar Dust 

One of the lesser known but seri-
ous challenges is the presence of 
lunar dust, also known as rego-

lith. Lunar dust is pervasive, extreme-
ly fine, and highly adhesive. It clings 
to spacesuits, equipment, and living 
quarters, making removing and posing 
various risks difficult. This dust is not 
only hard to clean but also abrasive and 
rich in iron, with magnetic properties 
that allow it to infiltrate equipment and 
habitats. Lunar dust directly threatens 
astronaut health, as it has been reported 
to cause irritation and inflammation in 
the eyes, throat, and lungs. In the Apol-
lo missions, astronauts experienced 
temporary eye and respiratory irrita-
tion after exposure to lunar dust. Long-
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term exposure could potentially lead to 
more severe respiratory conditions, and 
the abrasive nature of the dust could 
damage equipment over time, affecting 
mission performance (NASA, n.d.).

In addition to the physical dan-
gers, the psychological strain of living 
on the Moon cannot be overlooked. 
Astronauts will face long periods of iso-
lation, confined living conditions, and 
limited social interaction in low-gravity 
environments. Prolonged stays in these 
settings can lead to psychological stress, 
including feelings of loneliness, depres-
sion, and anxiety. These factors can 
negatively affect mental health, reduce 
morale, and potentially harm team co-
hesion during missions. Ensuring astro-
nauts’ psychological well-being through 
support systems, communication with 
Earth, and mental health care will be es-
sential to maintaining long-term lunar 
operations (Arone et al., 2021).

One of the primary health con-
cerns for astronauts on the Moon is lu-
nar dust exposure. Lunar dust, or rego-
lith, poses a significant risk due to its 
fine, adhesive nature and the presence of 
iron particles with magnetic properties. 
Apollo astronauts reported irritation 
of the eyes and throat after exposure to 
lunar dust, but the long-term health ef-
fects remain poorly understood. What 
is clear is that lunar dust can cause in-
flammation in the respiratory system, 
leading to more serious conditions if 
not properly managed. Prolonged ex-
posure to this abrasive dust could result 
in chronic respiratory problems for as-
tronauts living in lunar habitats (Pohlen 
et al., 2022).

Settling on the Moon presents 
multiple challenges that must be ad-
dressed before long-term habitation 
can be realized. From the dangers of 
radiation and micrometeoroids to the 
health impacts of lunar dust and psy-
chological strain, these hurdles require 
innovative technological solutions and 
careful planning. With the right strat-
egies, however, humans may one day 
overcome these obstacles and establish 
a permanent presence on the Moon, 
paving the way for future exploration of 
deeper space.

Experiments conducted on hu-
man cells exposed to lunar dust simu-
lants (LDS) have revealed significant 
health risks for astronauts. In our lab-
oratory, lung epithelial cells and skin fi-
broblasts were exposed to different con-
centrations of LDS to assess its toxicity 
and potential inflammatory responses. 
The research found that lunar dust, 
along with silica (used as a positive 
control) and titanium dioxide (used as 
a negative control), caused alterations 
in cell morphology and damage to cell 
membranes. Among these substances, 
lunar dust’s toxicity ranked between sil-
ica, the most toxic, and titanium diox-
ide, the least toxic.

Further analysis of DNA damage 
caused by LDS showed that, while sili-
ca inflicted the most severe damage on 
lung cells, lunar dust also led to signifi-
cant DNA damage. DNA repair enzyme 
studies confirmed the harmful effects, 
demonstrating the potential for cellular 
impairment in astronauts exposed to 
lunar dust. This suggests that continu-
ous exposure to lunar dust could lead to 
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long-term health complications, espe-
cially for those working on or near the 
lunar surface.

Another key finding from the ex-
periments was the impact of lunar dust 
on wound healing. The ability of fibro-
blast cells to adhere to surfaces, a cru-
cial factor in the healing process, was 
compromised by exposure to LDS. The 
experiments indicated that even minor 
injuries sustained in a lunar environ-
ment might heal poorly due to the dust’s 
interference with cell adhesion and tis-
sue regeneration. This seriously affects 
astronauts, who might suffer abrasions 
or injuries while working on the Moon.

The Moon’s reduced gravity, an-
other significant challenge for human 
physiology, adds to astronauts’ health 
risks. With lunar gravity being just 
one-sixth of Earth’s, prolonged expo-
sure can lead to a series of physiological 
problems. Muscle atrophy is a primary 
concern, as muscles require regular ex-
ertion to maintain strength. Without 
sufficient gravitational force, muscles 
weaken, resulting in the loss of strength 
and endurance over time. This can sig-
nificantly hinder astronauts’ physical 
performance during missions (Gao et 
al., 2018).

Bone density loss is another ma-
jor concern. In the reduced gravity envi-
ronment of the Moon, bones gradually 
lose density, increasing the likelihood of 
fractures. If left unchecked, bone mass 
depletion can have lasting effects on the 
body, and countermeasures such as rig-
orous exercise and nutritional support 
are necessary to minimize these risks 
(Man et al., 2022).

Additionally, fluid redistribution 
occurs in low-gravity environments. 
With the absence of gravity to pull fluids 
downward, they tend to move towards 
the upper body. This shift can lead to fa-
cial swelling and increased pressure in 
the head, which in turn causes discom-
fort and can lead to vision problems. 
Astronauts may experience impaired 
eyesight and other complications due to 
this redistribution of fluids, which has 
been reported during previous space 
missions (Nelson, Mulugeta, & Myers, 
2014).

Conclusion 

The challenges of lunar dust expo-
sure and reduced gravity require 
thorough preparation and inno-

vation as humanity prepares for long-
term lunar exploration. Lunar dust, 
with its toxic properties and potential to 
hinder wound healing, represents a se-
rious health risk that must be mitigated 
by developing advanced filtration sys-
tems for lunar habitats and highly pro-
tective spacesuits. Similarly, the effects 
of reduced gravity on muscle and bone 
health necessitate countermeasures 
such as routine exercise, nutritional 
supplements, and medical interven-
tions tailored to the lunar environment.

NASA’s Artemis program is set 
to spearhead this new era of human ex-
ploration, but its success will depend on 
addressing these health risks. Ongoing 
research is essential to develop the tech-
nologies and medical protocols to pro-
tect astronauts during their missions. 
As the Moon becomes a testing ground 
for future exploration, including poten-
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tial journeys to Mars, overcoming the 
challenges of lunar dust exposure and 
low gravity will be key to ensuring the 

safety and well-being of future space 
travelers.
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