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Abstract

The application of non-ionizing electromagnetic waves is increasingly recognized as a potential component of
emerging military technologies and future warfare strategies. These systems may encompass electromagnetic
pulse (EMP) weapons, civilian electronic devices such as mobile phones and laptops, fifth-generation (5G)
communication networks, satellite constellations like Starlink, various telecommunication infrastructures, and
even medical devices operating on non-ionizing radiation principles. Given their widespread use and potential for
weaponization, it is imperative to elucidate the possible biological and physiological effects of exposure to such
electromagnetic fields and to establish comprehensive safety standards and protective countermeasures in
preparation for prospective electromagnetic warfare scenarios. In this article, the potential biological effects of
non-ionizing electromagnetic waves and related weaponized technologies are examined. Current research
indicates that the hazards associated with electromagnetic exposure extend beyond thermal effects, encompassing
a range of non-thermal biological impacts. These include alterations in the static and dynamic electric fields of
cell membranes, disruption of intracellular signaling pathways, interference with molecular interactions and
organelle functions, and subsequent cellular dysfunction or apoptosis. Such findings highlight the critical
homeostatic role of electromagnetic fields not only at the cellular level but also within broader physiological and
systemic biological processes. Based on these potential biological and technological effects, various types of
electromagnetic weapons operating within the microwave to terahertz frequency range have been developed or
theoretically proposed. Although there have been unverified reports and claims in cyberspace regarding the use
of such weapons during recent regional conflicts, field investigations have not provided conclusive evidence to
support these assertions. Nevertheless, the possibility of their deployment underscores the necessity for continued
scientific research and strategic preparedness. It is therefore essential that researchers, engineers, and defense
authorities collaborate to develop effective protective measures and establish evidence-based guidelines for
mitigating potential threats associated with non-ionizing electromagnetic weapons.
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