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ABSTRACT

The development of the space industry and the implementation of
commercial projects for resource extraction in outer space create
a new platform for discussion. Space mining is a widely-debated
topic, and the day is not far off when, in addition to deploying ro-
bots for resource extraction, it will be necessary to send workers,
particularly space miners, to effectively operate equipment and
manage robotic systems. This creates health risks and challenges in
access to medical care, similar to those faced by astronauts who are
trained to provide basic medical assistance. This study examines
how telemedicine technologies must evolve to serve these isolated
worker groups, where communication delays, limited resources,
and extreme environmental conditions fundamentally change the
healthcare delivery paradigm. Considering the growing role of the
private sector in managing space resources, there is a need to revise
social policy, particularly its application in extraterrestrial condi-
tions. The study proposes comprehensive policy reforms aimed at
overcoming technological limitations and addressing gaps in the
legal and regulatory framework governing space medicine. Sustain-
able space resource extraction operations require the development
of effective social policies that guarantee comprehensive universal
medical coverage, mental health support, and emergency evacua-
tion protocols for all workers at extraterrestrial facilities. The study
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concludes that an ethical space economy is impossible without the
creation of healthcare systems that protect workers’ dignity and en-
sure sustainable industrial development beyond Earth.

Keywords: telemedicine, healthcare access, space mining, social
policy, space law, health law, human rights, occupational health,
outer space governance

Telemedicina y acceso a la atencion médica para mineros
espaciales: construccion de politicas sociales en el espacio

exterior
RESUMEN

El desarrollo de la industria espacial y la implementacion de pro-
yectos comerciales para la extraccidon de recursos en el espacio ex-
terior crean un nuevo foro de debate. La mineria espacial es un
tema ampliamente debatido, y estd cerca el dia en que, ademas
de desplegar robots para la extraccion de recursos, sera necesario
enviar trabajadores, en particular mineros espaciales, para operar
eficazmente los equipos y gestionar los sistemas robdticos. Esto ge-
nera riesgos para la salud y dificultades en el acceso a la atencién
médica, similares a las que enfrentan los astronautas entrenados
para brindar asistencia médica basica. Este estudio examina como
deben evolucionar las tecnologias de telemedicina para atender a
estos grupos de trabajadores aislados, donde las demoras en las co-
municaciones, los recursos limitados y las condiciones ambientales
extremas transforman fundamentalmente el paradigma de la pres-
tacion de servicios de salud. Considerando el creciente papel del
sector privado en la gestion de los recursos espaciales, es necesario
revisar las politicas sociales, en particular su aplicacién en condi-
ciones extraterrestres. El estudio propone reformas politicas inte-
grales destinadas a superar las limitaciones tecnoldgicas y abordar
las deficiencias en el marco legal y regulatorio que rige la medicina
espacial. Las operaciones sostenibles de extraccion de recursos es-
paciales requieren el desarrollo de politicas sociales efectivas que
garanticen una cobertura médica universal integral, apoyo a la sa-
lud mental y protocolos de evacuacion de emergencia para todos
los trabajadores en instalaciones extraterrestres. El estudio conclu-
ye que una economia espacial ética es imposible sin la creaciéon de
sistemas de salud que protejan la dignidad de los trabajadores y
garanticen un desarrollo industrial sostenible mas alld de la Tierra.
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Introduction

e are on the threshold of a
new era. Resource extraction
from outer space has turned

from science fiction into a real possi-
bility. Organizations such as SpaceX,
Blue Origin, and Planetary Resources
are rapidly developing technologies for
collecting materials from asteroids and

the Moon (Kendal et al., 2025; Fleming
et al., 2023; Cilliers et al., 2023; Zwart
et al, 2023; Sharma and Mitra, 2024).
Although the initial strategies focus on
automated systems (Tashtoush et al,
2019; Obosu and Frimpong, 2025; Rog-
ers et al, 2019; Campa et al., 2019), the
complex nature of these missions will
eventually require human involvement
or space miners. These workers will live
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and work in the most remote workplac-
es that humanity has ever created.

In our opinion, these workers will
face health hazards that make even the
most isolated jobs on Earth seem easily
accessible. We expect space miners to
become industrial workers who will be
sent to work with equipment and con-
trol robotic systems (Rogers et al, 2019;
Eurofound, 2024; Obosu and Frimpong,
2025; Tashtoush et al, 2019). As space
workers, they will experience the same
physiological problems as astronauts,
including radiation exposure, deterio-
ration of bone density and weakening of
the cardiovascular system (Goto, 2025;
Demontis, 2017; Garett-Bakelmann et
al., 2019; Roy-O'Reilly, 2021), but they
will not have the opportunity for rapid
evacuation.

The main purpose of this study
is to draw attention to the prospects of
the future of space mining and to the
problem of social policy and access to
healthcare for future space miners. This
study is a futuristic approach through
the lens of current technologies such as
telemedicine and telehealth. The study
employs a conceptual literature review
approach. Claud Al was used as a tool
for editing. The main limitation of this
study is the inability to study both the
health status of future space miners and
the use of the proposed technologies.

Findings

he study revealed that telemed-
icine originated with NASA’s
development of remote health
monitoring systems for astronauts in

the 1960s. The application of telemed-
icine in the modern world also involves
overcoming long and insurmountable
distances and also includes an inclu-
sive approach to diagnosing patients
facing problems with access to health-
care (Kim, 2004; Stoltzfus et al., 2023;
Haleem et al, 2021). However, as we
approach the era of commercial space
flight, we are going to face a health cri-
sis that existing systems cannot resolve.

In our opinion, space miners will
work in conditions where communi-
cation with Earth can be interrupted
for up to 40 minutes in each direction
during flights to Mars, with severe re-
strictions on the supply of medicines,
the lack of opportunities for rapid evac-
uation and severe psychological pres-
sure due to complete isolation in con-
ditions where there is an emergency in
the field (Parisi et al, 2023). This can
be fatal. None of the existing terrestri-
al healthcare systems can handle these
extraordinary circumstances, regard-
less of whether we consider the Nordic
model of social security and welfare,
the American employer-based system,
or some alternative approach (Boushey
and Tilly, 2008; Barnes et al; 2021; Ped-
ersen and Kuhnle, 2017). We have to
develop completely new solutions from
scratch. Our research has identified
three critical gaps that need to be ad-
dressed in ensuring access to healthcare
and medical services for space miners.
These are technological, political, legal,
and ethical gaps.

When talking about technolog-
ical gaps, keep in mind that we need
autonomous diagnostic systems that
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can operate independently when com-
munication with Earth is impossible. It
is necessary to create treatment algo-
rithms based on artificial intelligence
that will help space miners perform
complex medical procedures. Medical
workers need special training to work
in space conditions so that they can
provide remote assistance in extreme
circumstances (Kuwaiti et al., 2023;
Waisberg et al, 2022; Kuhail et al,
2025).

Talking about the social policy
gap it is necessary to say that current
social policies assume proximity to
healthcare infrastructure. Space min-
ers will need comprehensive medical
care that transcends national borders
and corporate interests. Mental health
support systems must be designed with
unprecedented levels of isolation in
mind. Emergency evacuation protocols
should take into account travel time
measured in months, not hours (Pagel
and Chouker, 2016).

The last gap, in our opinion, as
already mentioned, is the legal and
ethical gaps. Space legislation current-
ly does not provide any framework for
the provision of medical care to com-
mercial workers in the space industry.
When private companies send em-
ployees to conditions where traditional
medical care is not possible, the issue of
liability will remain unresolved (Giinel,
2022; Kendal et al, 2025). We must
identify methods to protect the dignity
of workers in situations where the ab-
sence of emergency medical care could
endanger the entire flight.

Conclusion

he space mining industry is de-

veloping rapidly, but our social

policy islagging behind. We have
very few opportunities to develop ethi-
cal standards before starting commer-
cial activities. Politicians, international
organizations and leaders of the space
industry must urgently take measures
to address these problems, while there
is still time to form a responsible frame-
work for the future. We must ensure
that as humanity reaches for the stars,
we don't leave behind our commitment
to human dignity and universal health-
care access. The development of space
exploration depends not only on tech-
nological advances, but equally on our
commitment to protecting the workers
who will contribute to these advances.

This is not just about technol-
ogy or politics. It’s about basic human
values and dignity. By exploring space,
we cannot abandon the social progress
achieved on Earth. Creating a just and
ethical space economy requires health-
care systems that genuinely protect
workers and prioritize their physical
and mental wellbeing. We're not just
talking about space miners. The frame-
work we develop will apply to lunar
bases, Mars colonies, and any future
human expansion beyond Earth. The
decisions we make today about access
to healthcare in space will determine
the future of human civilization beyond
our planet.

To achieve the set goals, we pro-
pose a comprehensive policy frame-
work built on three pillars:
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Technological Innovation: Investments
in autonomous medical systems,
Al-driven diagnostics, and advanced
telemedicine protocols specifically de-
signed for space environments. We are
talking not only about more advanced
technologies, but also about rethinking

includes mandatory comprehensive
medical coverage, mental health sup-
port systems, and emergency care pro-
tocols that address the unique challeng-
es of space work.

International Cooperation: These chal-

lenges cannot be solved by any country
or corporation acting independently.
We need international standards for
space healthcare that prioritize worker
protection over corporate profits. This
requires new forms of global gover-
nance for space commerce.

the provision of healthcare in condi-
tions where traditional assumptions are
not applicable.

Social Policy Reform: Development of
universal healthcare standards that
transcend terrestrial boundaries. This
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