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Abstract

Recent incidents of uncontrolled re-entries of space debris, including those from American and Chinese
spacecraft, have highlighted the growing threat posed by space junk. These events underscore the urgent
need to address the risks associated with space debris, which not only jeopardizes space missions but also
contributes significantly to atmospheric pollution, particularly in Earth’s upper atmospheric layers. Space
debris, a growing challenge in orbital management, poses significant risks as a source of atmospheric pollu-
tion. This article explores the environmental impact of re-entering space debris, which releases particulate
matter, metal fragments, and toxic compounds into the thermosphere and mesosphere. Additionally, we
examine the effects of gas emissions, including nitrogen oxides and halogen compounds, which contribute
to ozone layer depletion and may affect climate dynamics. The potential for a cascading effect, known as
the Kessler Syndrome, underscores the urgency for strategic measures in debris mitigation. This study
emphasizes the need for sustainable space operations to prevent long-term contamination and ensure the
safety and integrity of both orbital and atmospheric environments.
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