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I

n telecommunications, the fifth generation (5G) is the new technology standard for cellular networks. However, the potential hazards
of this telecommunication technology for human health and the environment have not yet been fully investigated by scientists independent
from industry. It is believed that the widespread usage of 5G technology,
can lead to significant increases in human exposure to radiofrequency
electromagnetic fields (RF-EMF). Given this consideration, in an appeal
to the European Union (EU), more than 180 scientists and physicians
from 36 countries have warned about the potential dangers of 5G technology [1]. Dr. Lennart Hardell, Professor of Oncology at Örebro University in Sweden and one of the initiators, states: “The telecom industry is trying to roll out technology that may have very real, unintended
harmful consequences….. We are very concerned that the increase in
radiation exposure by 5G leads to damage that cannot be reversed”
[1]. While such a large number of experts from different countries have
signed this appeal, it is very interesting that an author that is not independent from the telecommunication industry, claims that only a few
people believe 5G has adverse health effects “Beyond this consideration and responding to some unfounded concerns, the paper reaffirms that 5G will not have the negative effect on people’s health about
which a few individuals have speculated” [2]. Hardell and Carlberg in
their recent publication have addressed their concerns over studies with
ties to industry “Conflicts of interest and ties to the industry seem to
have contributed to the biased reports” [3]. Hardell and Carlberg have
also criticized the EU for not acknowledging an appeal to the EU that
is currently endorsed by more than 390 scientists and medical doctors
requesting a moratorium on 5G deployment until proper scientific evaluation of potential adverse health effects has been conducted [3]. Exposure to high levels of radiofrequency electromagnetic fields has been
proven to be detrimental for humans and the environment. Despite a
large body of evidence, there are still scientists [4] who claim that there
is no scientific evidence supporting a potential link between 5G and the
risk of malignancies such as skin cancer “Concerns have been raised
on online fora and in scientific literature regarding a link between 5G
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and skin cancer [5], despite an absence of scientific evidence” [6]. It is indeed surprising that
Rafferty et al., have cited a report published in the New York Times (NYT) to support their claim
about a paper by Mehdizadeh and Mortazavi that addresses the theoretical basis of potential association of 5G and skin cancer. This NYT report has been seriously criticized by Mehdizadeh
and Mortazavi, as follows: “Unfortunately, the approach of New York Times in this report is not
scientific. William J. Broad in his report published July 16, 2019 criticized Dr. Bill P Curry for
not considering the so-called “protective effect of human skin”. Some recent publications have
tried to convince the readers that current concerns about 5G high frequencies are not real. In some
cases, such as the paper by Rafferty et al., numerous major shortcomings and the lack of expertise
of the authors in physics and biology of RF-EMFs, suggests that these papers, deserve retraction.
Kostoff et al., [7] in their paper published recently, state: “The common ‘wisdom’ presented in
the literature and media is that, if there are adverse impacts resulting from high-band 5 G, the
main impacts will be focused on near-surface phenomena, such as skin cancer, cataracts, and
other skin conditions. However, there is evidence that biological responses to millimeter-wave
irradiation can be initiated within the skin, and the subsequent systemic signaling in the skin
can result in physiological effects on the nervous system, heart, and immune system” [8].
Current Theories about the Carcinogenesis of 5G
The first model of carcinogenesis of 5G, was developed by Mehdizadeh and Mortazavi and as
shown in Figure 1, high-frequency 5G radiation penetrates living skin cells and can damage them
severely due to its low penetration and very high energy deposition per unit distance below the
skin surface [5]. Given this consideration, absorption of 5G radiation in skin can lead to the generation of high levels of free radicals, which in turn increases the risk of skin cancer. Yakymenko et
al., have reported that among 100 peer-reviewed publications on oxidative effects of low-intensity
radiofrequency radiation included in their review, 93 studies showed that radiofrequency radiation
induced oxidative effects in biological systems [9].
Oxidative stress that is caused by the increase in free radicals including reactive oxygen species
(ROS) can play a basic role in pathological conditions of diseases such as cancer [10-12]. As reported by Singh et al., free radicals are involved in the pathogenesis of a multistage process of car-

Figure 1: Due to its low penetration and very high energy deposition per unit distance below
the skin surface, high-frequency 5G radiation penetrates and severely damages living skin cells.
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cinogenesis [13]. Free radicals are believed to cause DNA base damages, strand breaks, damage to
the tumor suppressor genes, and an increased expression of the protooncogenes. Moreover, DNA
damages induced by reactive oxygen species (ROS) may contribute to higher rates of mutation,
genome instability, apoptosis, associated tissue regeneration, and cell proliferation [13]. Lobo et
al., introduce cancer as a “free radical” disease “Cancer and atherosclerosis, two major causes
of death, are salient “free radical” diseases” [14]. Although oxidative stress and potential DNA
damages do not necessarily increase the chance of cancer, as addressed by Kostoff et al., a rise in
near-surface phenomena, such as skin cancer and cataracts, can be expected [7].
Furthermore, Betzalel et al., have previously developed a simulation model of human skin. It focuses on the multi-layer structure of skin, and especially on the helical segment of the sweat duct
that serves as an antenna leading to high specific absorption rate (SAR) of the skin at extremely
high frequencies, where resonances of the sweat duct-short wavelength radiation occur. Based on
their modeling results, they state: “There is enough evidence to suggest that the combination of
the helical sweat duct and wavelengths approaching the dimensions of skin layers could lead
to non-thermal biological effects. Such fears should be investigated and these concerns should
also [a]ffect the definition of standards for the application of 5G communications” [15]. A paper by Tripathi et al., [16] examined in detail the morphology of human sweat ducts observed by
optical coherence tomography. Ref. 16 noted that their frequency of resonance lies in the terahertz
region. Given the range of duct sizes and wavelength of the 5G radiation, the importance of the
shorter 5G wavelengths becomes apparent. This is supported by Tripathi et al., suggesting that
resonances occur in the sweat ducts at THz frequencies. As the wavelength of the nonionizing radiation decreases, the resonance coupling and energy deposition will increase. This phenomenon
is illustrated in Figure 1.
The importance of the coupling and 5G energy deposition is a complex process. It depends on
the incident power density, particular 5G frequency, and the absorption coefficient for the biological medium. Determination of the absorption coefficient is also complex and depends on a number
of factors including the angular frequency of the 5G radiation, the conductivity of the tissue of
interest, permittivity of the medium, relative dielectric constant, and permeability of the medium
[17].
As noted in our discussion the detriment caused by 5G radiation cannot be dismissed without
a thorough evaluation of the tissue at risk as well as the energy absorption. This uncertainty suggests that further study is warranted and should consider the mechanisms proposed in this paper.
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