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Is the sustainability of exposure to non-ionizing electromagnetic radiation possible?

Calvente |, Nufiez M. Is the sustainability of exposure to non-ionizing electromagnetic radiation possible? Med
Clin (Barc). 2023 Dec 26:50025-7753(23)00707-8. English, Spanish. doi: 10.1016/j.medcli.2023.11.011.

Abstract

Technological advances imply an increase in artificially generating sources of electromagnetic fields (EMF),
therefore, resulting in a permanent exposure of people and the environment (electromagnetic pollution).
Inconsistent results have been published considering the evaluated health effects. The purpose of this study was
to review scientific literature on EMF to provide a global and retrospective perspective, on the association
between human exposure to non-ionizing radiation (NIR, mainly radiofrequency-EMF) and health and
environmental effects. Studies on the health effects of 5G radiation exposure have not yet been performed with
sufficient statistical power, as the exposure time is still relatively short and also the latency and intensity of
exposure to 5G. The safety standards only consider thermal effects, do not contemplate non-thermal effects.
We consider relevant to communicate this knowledge to the general public to improve education in this field,
and to healthcare professionals to prevent diseases that may result from RF-EMF exposures.

Open access paper: https://www.sciencedirect.com/science/article/pii/S0025775323007078?via%3Dihub

Evaluation of Micronuclei in Buccal Smears of Mobile Phone Users: A Comparative Study

Sangle V, Male VP, Sanap S, Maniyar A, Ugale G, Gundre D. Evaluation of Micronuclei in Buccal Smears of Mobile
Phone Users: A Comparative Study. Journal of the International Clinical Dental Research Organization 15(2):p
112-118, Jul-Dec 2023. doi: 10.4103/jicdro.jicdro_40_23

Abstract

Background: The mobile uses have been increased drastically, creating increased health concern about radiation


https://www.saferemr.com/
https://www.sciencedirect.com/science/article/pii/S0025775323007078?via%3Dihub

effects emitted from mobile phone. Hence, this study aimed to evaluate the micronuclei (MN) frequency in
exfoliated oral mucosal cells in high and low mobile users.

Materials and Methods: The total of 50 subjects was divided into two major groups: low mobile phone users and
high mobile phone users. Further, subjects who use mobile phone for more than 10 h a week were considered
high talk time users and <4-5 h a week was low talk time users. The buccal mucosa cells are extracted by
scraping the oral cavity with a wooden spatula. MN was evaluated in 1000 cells per individual at the microscope.

Results: There was a significant increase in MN count in high mobile users compared to low mobile users. There
was a highly significant difference in the mean MN count of participants using code division multiple access than
global system for mobiles mobile phones. The MN mean count was found to be significantly increased in non-
headphone users in comparison to headphone users. Furthermore, the MN count on the frequently used side of
mobile phone was found to be statistically significantly elevated compared to the opposite side.

Conclusions: Mobile phone radiation, even in the permissible range when used for a longer duration, can cause
significant genotoxicity. The genotoxicity is noted when the mobile phone is used more frequently on the same
side, which may be due to more amount of radiation and increase in the temperature. Headphone usage
reduces the genotoxicity of mobile phone radiation to some extent.

Open access paper:
https://journals.lww.com/jicd/fulltext/2023/15020/evaluation of micronuclei in buccal smears of.8.aspx

Effect of Mobile Phone with and without Earphones Usage on Nickel lon Release from Fixed Orthodontic
Appliance

Rajendran R, Venkatachalapathy S, Thiyagarajan B, Jeevagan S, Chinnasamy A, Sivanandham M. Effect of Mobile
Phone with and without Earphones Usage on Nickel lon Release from Fixed Orthodontic Appliance. J Contemp
Dent Pract. 2023 May 1;24(5):303-307. doi: 10.5005/jp-journals-10024-3475.

Abstract

Introduction: This study is an attempt to assess whether the usage of headphones could minimize the nickel ion
release from fixed orthodontic appliance compared with hand-held mobile phones. The aim of the study is to
validate the hypothesis whether there is a significant variation in nickel ion release from fixed orthodontic
appliance among the patients using hand-held mobile phones and patients using mobile earphones.

Materials and methods: This is a cross-sectional study where a total of 60 healthy individuals who were
undergoing fixed orthodontic treatment in the Department of Orthodontics and Dentofacial Orthopedics,
Adhiparasakthi Dental College and Hospital, Melmaruvathur, Chennai, India, and all these individuals were
bonded and banded. All of them are class | malocclusion with bimaxillary protrusion. Salivary samples were
collected in their regular checkup after two months and 7th, 14th, and 21st days salivary nickel level was
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evaluated based on their usage of mobile phones with earphones and without earphones.

Results: In this study, paired and independent t-tests were used. On basis of statistics results, the mean of nickel
release in both male and female participants using mobile phones without earphones were significantly higher
than the participants using mobile phone with earphones.

Conclusion: By our study, we concluded that usage of mobile phones with earphones has a significant reduced
effect on metal ion release from fixed orthodontic appliance when compared to usage of mobile phones without
earphones.

Open access paper: https://www.thejcdp.com/doi/pdf/10.5005/jp-journals-10024-3475

A regulatory pathway model of neuropsychological disruption in Havana syndrome

Chacko TP, Toole JT, Morris MC, Page J, Forsten RD, Barrett JP, Reinhard MJ, Brewster RC, Costanzo ME,
Broderick G. A regulatory pathway model of neuropsychological disruption in Havana syndrome. Front
Psychiatry. 2023 Oct 27;14:1180929. doi: 10.3389/fpsyt.2023.1180929.

Abstract

Introduction: In 2016 diplomatic personnel serving in Havana, Cuba, began reporting audible sensory
phenomena paired with onset of complex and persistent neurological symptoms consistent with brain injury.
The etiology of these Anomalous Health Incidents (AHI) and subsequent symptoms remains unknown. This
report investigates putative exposure-symptom pathology by assembling a network model of published bio-
behavioral pathways and assessing how dysregulation of such pathways might explain loss of function in these
subjects using data available in the published literature. Given similarities in presentation with mild traumatic
brain injury (mTBI), we used the latter as a clinically relevant means of evaluating if the neuropsychological
profiles observed in Havana Syndrome Havana Syndrome might be explained at least in part by a dysregulation
of neurotransmission, neuro-inflammation, or both.

Method: Automated text-mining of >9,000 publications produced a network consisting of 273 documented
regulatory interactions linking 29 neuro-chemical markers with 9 neuropsychological constructs from the Brief
Mood Survey, PTSD Checklist, and the Frontal Systems Behavior Scale. Analysis of information flow through this
network produced a set of regulatory rules reconciling to within a 6% departure known mechanistic pathways
with neuropsychological profiles in N = 6 subjects.

Results: Predicted expression of neuro-chemical markers that jointly satisfy documented pathways and
observed symptom profiles display characteristically elevated IL-1B, IL-10, NGF, and norepinephrine levels in the
context of depressed BDNF, GDNF, IGF1, and glutamate expression (FDR < 5%). Elevations in CRH and IL-6 were
also predicted unanimously across all subjects. Furthermore, simulations of neurological regulatory dynamics
reveal subjects do not appear to be “locked in” persistent illness but rather appear to be engaged in a slow
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recovery trajectory.

Discussion: This computational analysis of measured neuropsychological symptoms in Havana-based diplomats
proposes that these AHI symptoms may be supported in part by disruption of known neuroimmune and
neurotransmission regulatory mechanisms also associated with mTBI.

Open access paper: https://www.frontiersin.org/articles/10.3389/fpsyt.2023.1180929/full

Evaluation of mitochondrial stress following ultraviolet radiation and 5G radiofrequency field exposure in
human skin cells

Patrignoni L, Hurtier A, Orlacchio R, Joushomme A, Poulletier de Gannes F, Lévéque P, Arnaud-Cormos D,
Revzani HR, Mahfouf W, Garenne A, Percherancier Y, Lagroye |. Evaluation of mitochondrial stress following
ultraviolet radiation and 5G radiofrequency field exposure in human skin cells. Bioelectromagnetics. 2023 Dec
19. doi: 10.1002/bem.22495.

Highlights

e A 24 hexposure to a5G signal at 3.5 GHz was able to statistically significantly alter the mitochondrial
reactive oxygen species (ROS) production in human skin fibroblasts (decrease at 1 W/Kg) and in human
keratinocytes after UV-B irradiation (increase at 0.25 and 1 W/kg).

e A 24 hexposure to a 5G signal at 3.5 GHz was not able to alter cell viability, apoptosis and mitochondrial
membrane potential in human skin cells, either alone or after UV-B irradiation.

e  Further studies on 3D or in vivo skin models would be needed to conclude about a possible effect of 5G
3.5 GHz signal on ROS production.

Abstract

Whether human cells are impacted by environmental electromagnetic fields (EMF) is still a matter of debate.
With the deployment of the fifth generation (5G) of mobile communication technologies, the carrier frequency
is increasing and the human skin becomes the main biological target. Here, we evaluated the impact of 5G-
modulated 3.5 GHz radiofrequency (RF) EMF on mitochondrial stress in human fibroblasts and keratinocytes
that were exposed for 24 h at specific absorption rate of 0.25, 1, and 4 W/kg. We assessed cell viability,
mitochondrial reactive oxygen species (ROS) production, and membrane polarization. Knowing that human skin
is the main target of environmental ultraviolet (UV), using the same read-out, we investigated whether
subsequent exposure to 5G signal could alter the capacity of UV-B to damage skin cells. We found a statistically
significant reduction in mitochondrial ROS concentration in fibroblasts exposed to 5G signal at 1 W/kg. On the
contrary, the RF exposure slightly but statistically significantly enhanced the effects of UV-B radiation specifically
in keratinocytes at 0.25 and 1 W/kg. No effect was found on mitochondrial membrane potential or apoptosis in
any cell types or exposure conditions suggesting that the type and amplitude of the observed effects are very
punctual.

https://pubmed.ncbi.nlm.nih.gov/38115173/
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Excerpts

To our knowledge, only a few published articles have examined the effects of 5G technology in experimental
studies (EMF-Portal, 2022) at the specific band of 3.5 GHz. Among these, the exposure of zebrafish embryos at
specific absorption rate (SAR) of 8.27 W/kg induced depressed sensorimotor function, abnormal behavioral
responses, and variations in the expression of genes related to metabolic function in adult zebrafish (Dasgupta
et al., 2020, 2022). In Drosophila melanogaster, 3.5 GHz exposure enhanced the expression of heat shock,
oxidative stress, and humoral immunity system genes leading to fly developmental promotion (Wang et al.,
2022). In addition, long-term exposure resulted in alterations of the expression of circadian clock genes resulting
in improvement of sleep duration (Wang et al., 2021). Exposure of diabetic and healthy rats brains revealed an
increase in appetite, energy metabolism, and oxidative stress (Bektas et al., 2022). Finally, no effect on anxiety-
like behavior, but a SAR-dependent increase in different oxidative stress parameters were found in the guinea
pig auditory cortex (Yang et al., 2022). Unfortunately, all these studies are highly heterogeneous in terms of
endpoints, biological systems, and SAR levels, making it impossible to draw firm conclusions about the effects of
3.5 GHz signals on human health. It is also essential to indicate that all these studies used either an unmodulated
or a GSM-modulated 3.5 GHz signal, but none of them used a 5G-modulated signal. In addition, none of the
above-mentioned studies addressed the skin or other superficial tissues as relevant targets. Actually, since the
penetration of the RF-EMF into the tissues decreases as the frequency increases, and given the large amount of
water in the skin (Christ et al., 2006; Feldman et al., 2009), this tissue is susceptible to absorb most of the RF-
EMF power when exposed to the 5G highest frequency ranges, that is, at 3.5 GHz and even more at 26 GHz....

Exposure of cells to 5G-modulated signals at 3.5 GHz was performed using an innovative reverberation chamber
(RC) (Orlacchio et al., 2023), that is, an electrically large cavity made of metallic walls where a homogeneous
field distribution was achieved through random mechanical stirring of the field components (Hill, 1998). This is
particularly convenient in bioelectromagnetic experiments to ensure a highly homogeneous exposure level
regardless of the samples location within the exposure system (Capstick et al., 2017; Ito & Bassett, 1983). In this
study, a cell culture incubator (150 L; BINDER Gmbh), was converted into an RC to guarantee 24 h in vitro
exposure under controlled biological conditions (37°C, 5% CO2, and 95% humidity). A detailed description of the
system schematically represented in Figure 1a was given in (Orlacchio et al., 2023). The main components are
reported hereafter. A printed patch antenna was used to deliver 5G-modulated 3.5 GHz signal in the chamber. A
metallic stirrer composed of eight rectangular blades (8 x 10 x 1 cm3) was mounted on a 30 cm mast to
continuously rotate through a motorized precision rotation stage (PRM1/MZ8; Thorlabs Inc.) driven via a K-Cube
dc servo controller (KDC101; Thorlabs). The continuous rotation modified the boundary conditions during
exposure allowing to achieve a homogeneous and isotropic averaged EMF within the samples (Serra et al.,
2017)....

We report here some effects of 5G-modulated RF-EMF at 3.5 GHz on human skin cells, either alone in human
fibroblasts, or after exposure to UV-B radiations in human keratinocytes. The effects were found nonlinear in
relation to the SAR level and their amplitude did not exceed 30% compared to sham (fibroblasts) or to UV-B
radiation (keratinocytes). Interestingly, we found no correlation with any change in the UV-B-induced
mitochondrial membrane potential or apoptosis, suggesting that the RF-EMF increase in UV-B-induced ROS
production was not enough to additionally impact neither mitochondrial membrane potential, apoptosis nor
necrosis. To further determine whether these effects could lead to any protective effect or increase UV-B



harmful bioeffects, it would be interesting to evaluate the activation of the cell's antioxidant response, that is,
superoxide dismutase, glutathione, or glutathione peroxidase expression level or activity. It will also be of
importance to assess whether the presence of ROS can induce end-products, such as 4-hydroxy-2-nonenal that
is produced by lipid peroxidation in cells, either in skin's organoids (Sun et al., 2021) or in skin in vivo, as we
previously assessed in the sera of rats exposed to a CW 2.45 GHz signal (7 h/day for 30 days, 0.16 W/kg whole-
body SAR) (De Gannes et al., 2009). These approaches would indeed be more representative of the skin
complexity and take into account the interaction among the different skin cells.

Frequency-Selective and Broadband Measurements of Radio Frequency Electromagnetic Field Levels in the
University Campus

Berisha D, Berzati HM, Dobruna J, Fazliu ZL, Ibrani M. Frequency-Selective and Broadband Measurements of
Radio Frequency Electromagnetic Field Levels in the University Campus. Progress In Electromagnetics Research
Letters, Vol. 115, 47-55, 2024. doi:10.2528/PIERL23102704.

Abstract

Characterization of radio frequency electromagnetic field exposure levels is considered crucial for green and
sustainable wireless-empowered campuses. To investigate the university campus electromagnetic
characteristics, we conducted concurrent environment-oriented and human-centric measurement campaigns
with broadband and frequency selective methodologies, respectively. The broadband results are derived after
processing samples of 6-minute averages of measured electric and magnetic field values, taken at various
university indoor and outdoor spots using broadband survey meter. Comparative analysis of broadband
measurements shows that campus outdoor electric field levels in the sub 3 GHz band average around 1.67 V/m
are at least twice higher than the ones recorded in indoor environments such as dormitories, labs, and
classrooms. Students' exposure pattern in the 88 MHz-6 GHz range is derived after post-processing of more than
340 thousand electric field samples which were taken every 5 seconds at various campus environments using
narrowband frequency selective measurement equipment. The comparison of cumulative distribution functions
per wireless technology and environment shows that Wi-Fi is the main contributor to students' personal
exposure levels in indoor environments and exceeds the 2G-5G mobile communication emitted electric fields in
campus outdoor environments. The presented results can be used for exposure-aware heterogeneous network
planning and optimization in university campuses or comparable environments.

Open access paper: https://www.jpier.org/issues/volume.html|?paper=23102704

An Exposimetric Electromagnetic Comparison of Mobile Phone Emissions: 5G versus 4G Signals Analyses by
Means of Statistics and Convolutional Neural Networks Classification

Miclaus S, Deaconescu DB, Vatamanu D, Buda AM. An Exposimetric Electromagnetic Comparison of Mobile
Phone Emissions: 5G versus 4G Signals Analyses by Means of Statistics and Convolutional Neural Networks
Classification. Technologies. 2023; 11(5):113. https://doi.org/10.3390/technologies11050113
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Abstract

To gain a deeper understanding of the hotly contested topic of the non-thermal biological effects of
microwaves, new metrics and methodologies need to be adopted. The direction proposed in the current work,
which includes peak exposure analysis and not just time-averaged analysis, aligns well with this objective. The
proposed methodology is not intended to facilitate a comparison of the general characteristics between 4G and
5G mobile communication signals. Instead, its purpose is to provide a means for analyzing specific real-life
exposure conditions that may vary based on multiple parameters. A differentiation based on amplitude-time
features of the 4G versus 5G signals is followed, with the aim of describing the peculiarities of a user’s exposure
when he runs four types of mobile applications on his mobile phone on either of the two mobile networks. To
achieve the goals, we used signal and spectrum analyzers with adequate real-time analysis bandwidths and
statistical descriptions provided by the amplitude probability density (APD) function, the complementary
cumulative distribution function (CCDF), channel power measurements, and recorded spectrogram databases.
We compared the exposimetric descriptors of emissions specific to file download, file upload, Internet video
streaming, and video call usage in both 4G and 5G networks based on the specific modulation and coding
schemes. The highest and lowest electric field strengths measured in the air at a 10 cm distance from the phone
during emissions are indicated. The power distribution functions with the highest prevalence are highlighted and
commented on. Afterwards, the capability of a convolutional neural network that belongs to the family of single-
shot detectors is proven to recognize and classify the emissions with a very high degree of accuracy, enabling
traceability of the dynamics of human exposure.

Conclusions

In this present work, we aim to quantify the time variability of emissions in the proximity of a mobile phone
connected to either a 4G or a 5G-FR1 network when using four different mobile applications. The central
objective was to provide knowledge on human exposure dynamics that completes the dosimetric studies
necessary to describe the potential biological effects.

The main contribution of this study to current knowledge belongs to the topics of the effects of EMF exposure
on humans that are not limited to induced heating, while non-thermal effects remain subjects of debate and
investigation. To gain a deeper understanding of this aspect, new metrics and methodologies need to be
adopted. The direction proposed in this work, which includes peak exposure analysis and not just time-averaged
analysis, aligns well with this goal.

A supplementary benefit is the possibility to discern between exposure dynamics corresponding to one specific
mobile application based on the capability of a real-time detection algorithm to successfully classify the emission
type.

The proposed methodology is not intended to facilitate a comparison of the general characteristics between 4G
and 5G signals. Instead, its purpose is to provide a means for analyzing specific real-life exposure conditions that
may vary based on multiple parameters.

Synthetically, our results showed that:



e Electric field strengths in the air at 10 cm from the phone were higher for 5G-FR1 emissions than for 4G,
on average by 60%. None of the values exceeded human health and safety levels. The highest difference
between technologies corresponded to Internet video streaming emissions, where 5G field strength was
three times higher than 4G.

e 4G and 5G-FR1 amplitude probability density distributions differ; 4G traces depend much more on the
type of mobile application used, while 5G traces are more similar one to another and more independent
of the mobile application. The same probability range of power level distribution was covered by a
larger window of power values in 5G than in 4G.

e Crest factors were higher for 5G-FR1 emissions than for 4G emissions; the highest difference (almost
double) evolved during file download applications, while the lowest difference was observed during
Internet video streaming.

e The prevalence of the highest power levels (superior tail emissions) appeared much more frequent for
5G-FR1 emissions than for 4G, and a difference of as much as 9.5 dB over mean power was encountered
in 5G versus 4G emissions.

e The recorded spectrograms emphasized peculiarities that have been excellently captured and valorized
by the YOLO v7 deep learning algorithm. Practically, excellent recognition and classification rates were
obtained for each technology and each category of mobile application with a minimum of training.

Overall, the contribution of the present approach consists in the provision of an exposimetric tool that
underlines the differences in amplitude-time profiling of a user’s exposure when running various applications on
the mobile phone in two different mobile communication technologies. Due to the limitations of the
methodology employed, the data presented cannot be considered to be of total generality. However, realistic
exposure and time-variability analysis need further investigation in varied situations.

Open access paper: https://www.mdpi.com/2227-7080/11/5/113

Pressures of the urban environment on the endocrine system: Adverse effects and adaptation

Rannaud-Bartaire P, Demeneix BA, Fini J-B. Pressures of the urban environment on the endocrine system:
Adverse effects and adaptation. Molecular and Cellular Endocrinology. 2023. doi: 10.1016/j.mce.2023.112125.

Abstract

With an increasing collective awareness of the rapid environmental changes, questions and theories regarding
the adaptability of organisms are emerging. Global warming as well as chemical and non-chemical pollution have
been identified as triggers of these adaptative changes, but can we link different kinds of stressors to certain
phenotypic traits? The physiological adaptation, and particularly endocrine system adaptation, of living beings to
urban environments is a fascinating way of studying urban endocrinology, which has emerged as a research field
in 2007. In this paper, we stress how endocrine disruption in humans and environment can be studied in the
urban environment by measuring the levels of pollution, endocrine activities or adversity. We broaden the focus
to include not only exposure to the chemicals that have invaded our private spheres and their effects on wild
and domestic species but also non-chemical effectors such as light, noise and climate change. We argue that
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taking into account the various urban stress factors and their effects on the endocrine system would enable the
adoption of new approaches to protect living organisms.

Highlights

e Urban environments represent adaptive challenges for humans as well as wild and domesticated
animals, which could serve as sentinels as they share the same environment.

e These challenges include chemical pollution as well as exposure to non-chemical factors (artificial light,
electromagnetic waves, noise pollution, climate change, sedentary lifestyle, lack of nature and
endocrine effects).

e The endocrine system, which is conserved throughout evolution, constitutes the cornerstone of the
adaptation of organisms to their environment.

e Anintegrated consideration of the various urban stressors and their effects on the endocrine system
would facilitate the development of new approaches to protect living organisms.

e Studies should include multiple levels of information, such as air, water and food contamination data,
and integrate a translational, holistic “One Health” view, combining human epidemiological data with
those collected on nearby species.

Excerpts

However, scientific data are still insufficient to allow the implementation of regulations that would effectively
protect populations. Electromagnetic waves, artificial lights, noise, a sedentary lifestyle and global warming are
all factors that interact with the endocrine system and could call upon adaptation mechanisms also activated by
exposure to endocrine-disrupting chemicals (Russart and Nelson, 2018; Seebacher, 2022)....

Artificial light: In mammals, light reaching the retina is crucial for vision but also important for non-visual input
to the brain. Intrinsically photosensitive retinal ganglion cells (ipRGCs) project the light to the suprachiasmatic
nuclei, which release various neurotransmitters and, thus, mediate the 24-hour light-dark cycle, influencing the
secretion of, for example, serotonin, dopamine and melatonin. Natural light and its variations during the
circadian cycle are difficult to reproduce by electrical systems. Lack of daylight exposure in the developing child,
a major consequence of increased screen time indoors, is correlated with multiple health risks, ranging from
physiological problems (sleep, obesity) to psychological ones (depression, anxiety), cognitive problems, impacts
on eye development (increased myopia) and deficiencies in endogenous vitamin D production (Wirz-Justice et
al., 2021.). The effects of artificial light at night are known in animals (glycaemic dysregulation, decreased
spontaneous energy expenditure, altered seasonal reproductive cycles) and humans (increased global circulating
glucocorticoids, inflammation, altered daily plasma leptin rhythms and glucose homeostasis, altered ovarian
steroid secretions, ovulation and embryo implantation), but the underlying mechanisms have yet to be studied.
There is a probable link between the effects of continuous artificial light, melatonin depletion and interactions
with the hypothalamic-pituitary axis (Russart and Nelson, 2018; Hadinia et al., 2020; Salti et al., 2006). A recent
review reported that central control via the hypothalamus disrupted by artificial light at night is one of the
causes of impaired migration (Grunst and Grunst, 2023).

Electromagnetic waves: The World Health Organization is currently conducting a project to assess the potential
health effects of exposure to radiofrequency electromagnetic fields (RF-EMFs), with frequencies between 100

kHz and 300 GHz, in the general and working population. Since the 1950s, RF-EMFs have been used in medicine
(e.g., magnetic resonance imaging, radio frequency ablation), the industry (e.g., heating and welding), domestic



appliances (e.g., baby monitors, Wi-Fi), security and navigation (e.g., radar and RFID) and, especially,
telecommunication (e.g., radio and television broadcasting, mobile telephony). Six major topics were identified
(brain cancer and leukaemia, adverse reproductive effects, cognitive impairment, symptoms, oxidative stress
and heat-related effects), for which the WHO commissioned systematic reviews of experimental observations to
analyse and synthesise the available data (Mevissen et al., 2022; Pacchierotti et al., 2021).

A study published in 2020 including 21,049 Swedish and 3120 Finnish adult participants enrolled between 2008
and 2011 in the Cohort Study of Mobile Phone and followed for 4 years showed a slight increase in insomnia
among mobile phone users in the highest call time category (>258 min/week), at that time, mainly in 2G and 3G.
Since then, usage times and wave networks have changed significantly, but few data are available (Tettamanti et
al., 2020). Increasing background levels of non-ionising anthropogenic electromagnetic fields (EMFs) from 0 Hz
to 300 GHz could cause damage to non-human species at the ecosystem and biosphere levels, irrespective of
the taxa; however, field studies are still scarce (McCredden et al., 2022; Pophof et al., 2023). In another study,
exposure of gravid rats and pups in the postnatal phase 24 hours a day to 900-MHz electromagnetic radiation
(RF-EMR) (average wave frequencies of electronic devices present in the home) led to an increase in hepatic
markers of oxidative stress (Salameh et al., 2022) and changes in melatonin and cortisol secretion, but with
conflicting results.

Patients with electro hypersensitivity (EHS) and/or multiple chemical sensitivity (MCS) appear to have similar
clinical pictures, with biological markers of low-grade inflammation, oxidative stress and an autoimmune
response involving autoantibodies against O-myelin, associated with hemodynamic defects on brain imaging in
the capsule-thalamic area of the temporal lobes, suggesting the involvement of the limbic system and the
thalamus (Belpomme and Irigaray, 2020). The appearance of 5G networks, the installation of relay antennas in
densely populated areas and the constant increase in exposure to EM waves in young children is a public health
issue.

Table 1 (excerpt):
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Mobile Cellular Data and Wi-Fi Use Are Not Associated with Adverse Health Effects

Rabiei M, Masoumi SJ, Mortazavi SMJ, Nematolahi S, Haghani M. Mobile Cellular Data and Wi-Fi Use Are Not
Associated with Adverse Health Effects. J Biomed Phys Eng. 2023 Dec 1;13(6):497-502. doi:
10.31661/jbpe.v0i0.2206-1511.

Abstract

Background: Smartphone users frequently connect to the Internet via mobile data or Wi-Fi. Over the past two
decades, the worldwide percentage of people who connect to the Internet using their mobile phones has
increased drastically.

Obijective: This study aimed to evaluate the potential link between mobile cellular data/ and Wi-Fi use and
adverse health effects.

Material and methods: This cross-sectional study was conducted on 2,796 employees (52% female and 48%
male) of Shiraz University of Medical Sciences (SUMS), Shiraz, Iran. The sociodemographic data (e.g., gender,
age, nationality, and education level) were collected for all the participants. They were also requested to provide
information about their smartphone use including the characteristics of the connection to the Internet using
their smartphones (mobile data and Wi-Fi). In addition, the participants' history of diabetes, hypertension,
cardiac ischemia, myocardial infarction, renal failure, fatty liver, hepatitis, chronic lung disease, thyroid disease,
kidney stone, gall bladder stone, rheumatoid disease, epilepsy, and chronic headache was recorded through
face-to-face interviews.

Results: 94% of people participating in this study reported using mobile/Wi-Fi internet. The mean (+SD) Internet
usage per day was 117.85+122.70 minutes including 76298 minutes of mobile data and 42481 minutes of Wi-Fi
use.

Conclusion: Our findings showed no link between mobile phone Internet usage and the risk of the above-
mentioned health problems. As in 2021, the global average daily time spent on the Internet using mobile phones
was 155 minutes, the participants' lower use time could explain the failure to show any detrimental effects.
Considering the study limitations, further large-scale studies are warranted.

Open access paper: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10749419/

Comment to Mobile Cellular Data & Wi-Fi Use Are Not Associated with Adverse Health Effects by Rabiei et al.
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Arribas E, Escobar |, Ramirez-Vazquez R. Comment to Mobile Cellular Data and Wi-Fi Use Are Not Associated
with Adverse Health Effects by Rabiei et al., Journal of Biomedical Physics and Engineering. J Biomed Phys Eng.
2023 Dec 1;13(6):577-578. doi: 10.31661/jbpe.v0i0.2310-1669.

No abstract
Excerpt

We concur with the authors in the following statement: “Considering the limitations of our study, further large-
scale studies are warranted”, due to the substantial expansion of wireless communications in the last 25 years.
Moreover, the rollout of the fifth generation (5G) of telecommunication infrastructures is underway and
requires thorough examination to ensure that it does not pose any risks to human health, particularly for the
most susceptible populations such as children and the elderly. Thus, it is crucial to conduct comprehensive
research and risk assessments before implementing this new technology.

Open access paper: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10749415/

Potential Effects of Anthropogenic Radiofrequency Radiation on Cetaceans

Balmori-de la Puente A, Balmori A. Potential Effects of Anthropogenic Radiofrequency Radiation on Cetaceans.
Radiation. 2024; 4(1):1-16. doi: 10.3390/radiation4010001.

Abstract

Cetaceans are cast to shore for a large number of reasons, although sometimes it is not clear why. This paper
reviews the types and causes of cetacean strandings, focusing on mass strandings that lack a direct scientific
explanation. Failure of cetacean orientation due to radiofrequency radiation and alterations in the Earth’s
magnetic field produced during solar storms stand out among the proposed causes. This paper proposes the
possibility that anthropogenic radiofrequency radiation from military and meteorological radars may also cause
these strandings in areas where powerful radars exist. A search of accessible databases of military and
meteorological radars in the world was carried out. Research articles on mass live strandings of cetaceans were
reviewed to find temporal or spatial patterns in the stranding concentrations along the coast. The data showed
certain patterns of spatial and temporal evidence in the stranding concentrations along the coast after radar
setup and provided a detailed description of how radars may interfere with cetacean echolocation from a
physiological standpoint. Plausible mechanisms, such as interference with echolocation systems or pulse
communication systems, are proposed. This work is theoretical, but it leads to a hypothesis that could be
empirically tested. Further in-depth studies should be carried out to confirm or reject the proposed hypothesis.

Simple Summary

The number of mass stranding events is dramatically increasing in recent decades affecting cetacean diversity
and conservation. They consist in the accumulation of cetacean carcasses or live animals along the coast
following certain temporal and spatial patterns. Although some cases can be explained based on a combination
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of physical or biological natural factors, direct human intervention is contributing to many of them. However,
there are still many cases with unknown causes that demand to increase the efforts to describe possible new
threats to cetacean species. In this context, we evaluate the potential effect of anthropogenic radiofrequency
radiation (i.e., from meteorological and military radars) that has had a great expansion in the last years and is
known to alter the magnetic receptor organs in several groups of animals. The aim of this work, was to conduct
a bibliographic review reporting mass stranding events together with a search of radars in the vicinity areas. The
results obtained suggest that anthropogenic radiofrequency radiation may be considered as a novel factor to
understand some stranding events with unknown causes and proposes some plausible mechanisms of action.

Open access paper: https://www.mdpi.com/2673-592X/4/1/1

Estimation of SAR Average in Rats during 5G NR Chronic Exposure

Makhmanazarov R, Tseplyaev |, Shipilov S, Krivova N. Estimation of SAR Average in Rats during 5G NR Chronic
Exposure. Applied Sciences. 2024; 14(1):208. doi: 10.3390/app14010208.

Abstract

To study physiological reactions in the brain and skin of higher mammals exposed to chronic radiofrequency
radiation, specific absorption ratio (SAR) determination is required and time-consuming numerical methods are
used. The paper deals with the estimation of the whole-body specific absorption rate (SAR) in rats chronically
exposed to external electromagnetic fields, as well as the development of a laboratory setup simulating the
operation of a fifth-generation 5G New Radio base station (with a signal bandwidth of 15 MHz and a carrier
frequency of 2.4 GHz). The paper presents a modified method for theoretical SAR estimation for one-sided
irradiation and distributed absorption. Mean whole-body SAR values were estimated by the proposed method
and numerically modeled with the CST Microwave Studio simulation software 2020package using primitive rat
models. Dielectric parameters in the numerical simulation were used from the software library. The IEEE/IEC
62704-1 algorithm was used to investigate SAR in numerical simulations. The theoretical estimates and
numerical simulations were compared for different SAR distributions and were found to be qualitatively
comparable. The differences between approximate theoretical estimates and numerical simulations are 7% and
10% for distributed and non-distributed absorptions, respectively. The proposed method, which takes into
account the decreasing power flux density, can be used to estimate the approximate whole-body SAR during
chronic electromagnetic field exposure in rats.

Conclusions

Despite the rough approximations of rat phantoms used in simulations, the numerical calculation of SAR is
qualitatively comparable to the theoretical estimate. A more accurate estimate requires the use of high-
resolution model phantoms and a more detailed statistical analysis of EMF distribution and animal position. The
differences between the approximate theoretical estimate and numerical simulations were 7% and 10% for the
distributed and non-distributed absorptions, respectively. The whole-body average SARs in the approximate in
vivo theoretical estimates were 0.0431, 0.0076, and 0.0059 W/kg for the first, second, and third groups,
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respectively.

In fact, ambient illumination in combination with multiple reflections make accurate dosimetry more
challenging. Adjustments to the actual amount of absorbed power are made by the fact that a living thing
cannot stand still in a long-term experiment.

The waveguide method can be considered the most accurate measurement of the whole body average SAR. It is
possible to measure the power transmitted and reflected from the subject, which can accurately determine the
specific absorption rate. However, such conditions are not suitable for long-term experiments to study the
physiological reactions of animals.

In [2], a threshold value of 4 W/kg under various exposure conditions was believed to cause some animal
species, including non-human primates, to alter their complex behavioral patterns. Behavioral disturbance is
often (but not always) accompanied by a 1.0 2C rise in body temperature. Even at exposure levels well above
current standards, human body temperature is effectively regulated by mobilizing appropriate heat loss
mechanisms such as sweating and skin blood flow.

All first-group study animals (SAR = 0.043 W/kg) were recorded to have their body temperature rise by an
average of 1 °C. In addition, the maximum possible absorption exceeded the allowable norms by 0.18/0.08 =
2.25 times. Despite the fact that the average SAR value was below the acceptable level, prolonged EMF
exposure caused a rise in temperature. Changing temperatures were not registered during the exposure of rats.

The study of physiological reactions of animals in the first group was stopped because the temperature increase
was not acceptable. The other groups were within normal temperature limits, and the results of physiologic
studies are described in [22]. Expression (3) requires modifications related to the statistical distribution of the
positions of rats in the cage. The posture positions of rats obviously depend on their number in the cage, the
shape of the cage, the location of the feeder, the behavioral properties of the animals, etc. The developments in
this domain are being planned for the near future.

Open access paper: https://www.mdpi.com/2076-3417/14/1/208

Effects of 4G mobile phone radiation exposure on reproductive, hepatic, renal, and hematological parameters
of male Wistar rat

My note: Although this study exposed animals to a 4G carrier frequency (i.e., 2350 MHz), the signal generator
(Keysight N9310A) used in this study provides a continuous wave signal which is not 4G.

Gautam R, Pardhiya S, Nirala JP, Sarsaiya P, Rajamani P. Effects of 4G mobile phone radiation exposure on
reproductive, hepatic, renal, and hematological parameters of male Wistar rat. Environ Sci Pollut Res Int. 2023
Dec 16. doi: 10.1007/s11356-023-31367-x.

Abstract
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Background and objective: Mobile phones have become a vital part of human life. Due to drastic increase in the
number of mobile phone subscribers, exposure to radiofrequency radiation (RFR) emitted from these phones
has increased dramatically. Hence, the effect of RFR on humans is an area of concern. This study was performed
to determine the impact of 4G mobile phone radiation on the male reproductive system, liver, kidney, and
hematological parameters.

Methods: Seventy-day-old Wistar rats were exposed to 4G radiation (2350 MHz for 2 h/day for 56 days). Sperm
parameters such as sperm count, viability, sperm head morphology, mitochondrial activity, total antioxidant
activity, and lipid peroxidation of sperm were evaluated. Histopathology of the testis, prostate, epididymis,
seminal vesicle, liver, and kidney was carried out. Complete blood count, liver and kidney function tests, and
testosterone hormone analysis were done.

Results: At the end of the experiment, results showed a significant (p < 0.05) decrease in sperm viability with
alterations in the histology of the liver, kidney, testis, and other reproductive organs in the exposed group of
rats. A reduced level of testosterone, total antioxidant capacity, and decreased sperm mitochondrial function
were also observed in the exposed rats. Moreover, the exposed rats showed an increase in sperm lipid
peroxidation and sperm abnormality. Hematological parameters like hemoglobin, red blood cells (RBC), and
packed cell volume (PCV) showed a significant (p < 0.05) increase in the exposed rats.

Conclusion: The results indicate that chronic exposure to 4G radiation may affect the male reproductive system,
hematological system, liver, and kidney of rats.

https://pubmed.ncbi.nlm.nih.gov/38102429/

Excerpts

Previous reports suggest the adverse effect of electromagnetic radiation on different organs, viz., testis
(Gaharwar et al. 2022; Pardhiya et al. 2022), liver (Alkis et al. 2021), kidney (Pardhiya et al. 2020; Hasan et al.
2021), brain (Delen et al. 2021; Hasan et al. 2022), parotid gland (Siqueira et al. 2016), and hormonal changes in
the male and female reproductive systems (Kozlowska et al. 2022). Mobile phone usage may also increase the
risk of early spontaneous abortions in pregnant women (Mahmoudabadi et al. 2018). Various in vitro, in vivo,
and epidemiological studies have shown a higher risk of cancer upon a longer duration of exposure to these
radiations (Cardis et al. 2011; Gupta et al. 2020). Epidemiological studies have shown the occurrence of sleep
disorders, headaches, behavioral changes, and early spontaneous abortions (Hillert et al. 2008). Radiation
emitted from mobile phones has been categorized as a possible carcinogen by the International Agency for
Research on Cancer (IARC) (Miller et al. 2019)....

After exposure of rats to 4G frequency (2350 MHz) for 56 days, results obtained have showed alterations in
sperm viability, count, head abnormality, and sperm mitochondrial activity of rats. A decrease in testosterone
level may be associated with Leydig cell injury or its reduced function. RFR also induced histopathological
alterations in the male reproductive organs, liver, and kidney. Some of the hematological parameters and liver
function parameters showed significant changes while no significant changes in kidney function parameters
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were observed after the exposure. The results indicate that 4G radiation increases oxidative stress, induces
peroxidation of membrane lipids, and decreases total antioxidant capacity in the testis. In the present
experiment, among the sperm parameters studied, only sperm viability decreased significantly in the exposed
group. However, long-term exposure may decrease sperm count and quality as well. Significant alterations in
kidney and liver function tests may also result upon the longer duration of exposure. Thus, it may be concluded
that 4G radiation (Carrier frequency 2350 MHz) can affect the reproductive, renal, and hepatic system of male
Wistar rat. In order to further explore the impact of 4G radiation on reproductive health, cellular and molecular
studies could be done in reproductive cells. In vitro as well as in vivo studies with varying time duration could be
conducted to understand the underlying mechanism and cell signaling pathways involved in the alterations
induced by 4G radiation. The relationship between the dosage of 4G radiation and reproductive health
outcomes with variation in exposure duration could be done to determine the thresholds at which adverse
effects may occur. Further, effects of 4G radiation could be examined among different age groups of animals.
Young, mature, and aged animals may respond differently, and understanding age-dependent effects is
important for assessing long-term implications. Behavioral aspects of reproductive health in animals after long-
term exposure to 4G radiation could be examined. Future work can be done to check if 4G radiation can induce
genetic or epigenetic changes such as DNA integrity, gene expression and epigenetic modifications in
reproductive cells and tissues.

After exposure of rats to 4G frequency (2350 MHz) for 56 days, results obtained have showed alterations in
sperm viability, count, head abnormality, and sperm mitochondrial activity of rats. A decrease in testosterone
level may be associated with Leydig cell injury or its reduced function. RFR also induced histopathological
alterations in the male reproductive organs, liver, and kidney. Some of the hematological parameters and liver
function parameters showed significant changes while no significant changes in kidney function parameters
were observed after the exposure. The results indicate that 4G radiation increases oxidative stress, induces
peroxidation of membrane lipids, and decreases total antioxidant capacity in the testis. In the present
experiment, among the sperm parameters studied, only sperm viability decreased significantly in the exposed
group. However, long-term exposure may decrease sperm count and quality as well. Significant alterations in
kidney and liver function tests may also result upon the longer duration of exposure. Thus, it may be concluded
that 4G radiation (Carrier frequency 2350 MHz) can affect the reproductive, renal, and hepatic system of male
Wistar rat. In order to further explore the impact of 4G radiation on reproductive health, cellular and molecular
studies could be done in reproductive cells. In vitro as well as in vivo studies with varying time duration could be
conducted to understand the underlying mechanism and cell signaling pathways involved in the alterations
induced by 4G radiation. The relationship between the dosage of 4G radiation and reproductive health
outcomes with variation in exposure duration could be done to determine the thresholds at which adverse
effects may occur. Further, effects of 4G radiation could be examined among different age groups of animals.
Young, mature, and aged animals may respond differently, and understanding age-dependent effects is
important for assessing long-term implications. Behavioral aspects of reproductive health in animals after long-
term exposure to 4G radiation could be examined. Future work can be done to check if 4G radiation can induce
genetic or epigenetic changes such as DNA integrity, gene expression and epigenetic modifications in
reproductive cells and tissues.

Adult male Wistar rats (7 weeks old) were grouped in two sets of sham-exposed (Control) and exposed with 6
rats per group....

The experimental group of rats was kept in plexiglass cages and placed inside the anechoic chamber (Fig. 1). The
desired power signal was obtained by transmitting carrier signal from a signal generator (Keysight model no -
N9310A) at 4G frequency (LTE Band 40) 2350 MHz. The power of the signal was low, thus was amplified by the

16



amplifier (Amplifier Research Model number-151G4) before being sent to the WR-340 waveguide horn antenna
(pyramidal shaped and 15dBi gain), which radiates the signal on the experimental animals (kept at 20 cm
distance from the horn antenna). Animals were kept in plexiglass cone-shaped cages (dimensions length 25

cm x minimum and maximum width 3.5 and 8.5 cm x height 6 cm) exposed to Carrier signal 4G frequency of
2350 MHz (2 h/day) for 56 days. Power density was measured inside the cage by Narda measurement system
NBM-520 (probe model 5092). Animals were exposed to the average power density of 0.2488 mW/cm2, and the
average specific absorption rate (SAR) calculated for exposed group animals was 0.0625 Watt/kg (Durney et al.
1979)....

After exposure of rats to 4G frequency (2350 MHz) for 56 days, results obtained have showed alterations in
sperm viability, count, head abnormality, and sperm mitochondrial activity of rats. A decrease in testosterone
level may be associated with Leydig cell injury or its reduced function. RFR also induced histopathological
alterations in the male reproductive organs, liver, and kidney. Some of the hematological parameters and liver
function parameters showed significant changes while no significant changes in kidney function parameters
were observed after the exposure. The results indicate that 4G radiation increases oxidative stress, induces
peroxidation of membrane lipids, and decreases total antioxidant capacity in the testis. In the present
experiment, among the sperm parameters studied, only sperm viability decreased significantly in the exposed
group. However, long-term exposure may decrease sperm count and quality as well. Significant alterations in
kidney and liver function tests may also result upon the longer duration of exposure. Thus, it may be concluded
that 4G radiation (Carrier frequency 2350 MHz) can affect the reproductive, renal, and hepatic system of male
Wistar rat. In order to further explore the impact of 4G radiation on reproductive health, cellular and molecular
studies could be done in reproductive cells. In vitro as well as in vivo studies with varying time duration could be
conducted to understand the underlying mechanism and cell signaling pathways involved in the alterations
induced by 4G radiation. The relationship between the dosage of 4G radiation and reproductive health
outcomes with variation in exposure duration could be done to determine the thresholds at which adverse
effects may occur. Further, effects of 4G radiation could be examined among different age groups of animals.
Young, mature, and aged animals may respond differently, and understanding age-dependent effects is
important for assessing long-term implications. Behavioral aspects of reproductive health in animals after long-
term exposure to 4G radiation could be examined. Future work can be done to check if 4G radiation can induce
genetic or epigenetic changes such as DNA integrity, gene expression and epigenetic modifications in
reproductive cells and tissues.

Effects of Exposure to Radiofrequency at 2.45 GHz on Structural Changes Associated with Lipid Peroxidation in
Prepubertal Rat Testicular Tissue

Karadayi A, Unal N, Giilbahce ME Engiz B. Akkoca A, Varol S. (2023). Effects of Exposure to Radiofrequency at
2.45 GHz on Structural Changes Associated with Lipid Peroxidation in Prepubertal Rat Testicular Tissue.
European Journal of Therapeutics. 2023. doi: 10.58600/eurjther1875.

Abstract
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Objective: The increasing use of electronic devices, accompanied by advancing technologies, has led to
heightened exposure to non-ionizing electromagnetic radiation (EMR). This exposure instigates the
accumulation of free radicals and oxidative damage in tissues, consequently impacting biological systems.
Notably, the testis is among the tissues adversely affected by EMR. Numerous studies have highlighted the
pivotal role of the testis in sperm production, emphasizing the potential implications of any damage on the
reproductive system. This study aims to assess the levels of lipid peroxidation through histological evaluation in
the testicular tissue of prepubertal male rats exposed to electromagnetic radiation at varying electric field
intensities within the 2.45 GHz radiofrequency (RF) range.

Methods: The experimental group comprises six subdivisions, including a sham control group, as well as groups
exposed to varying electric field strengths (EFS) of 0.6 V/m, 1.9 V/m, 5V/m, 10 V/m, and 15 V/m, respectively.
Excluding the sham control group, the remaining subgroups were subjected to a daily 2.45 GHz RF exposure for
1 hour starting immediately after fertilization. This exposure to different electric field intensities continued for
45 days post-birth.

Results: The samples obtained from the RF radiation-exposed rats exhibited elevated malondialdehyde (MDA)
values and decreased glutathione (GSH) values in the testicular tissue. Furthermore, a comparative analysis
between the microwave radiation-exposed group and the control group revealed distinct histological alterations
in the testicular tissue.

Conclusion: In conclusion, our findings indicate that exposure to microwave radiation at an electric field
intensity of 15 V/m can lead to significant histopathological and oxidative parameter changes in Wistar rats.
These results underscore the potential effects of such exposure on human health.

Open access paper:
https://www.researchgate.net/publication/376283748 Effects of Exposure to Radiofrequency at 245 GHz

on Structural Changes Associated with Lipid Peroxidation in Prepubertal Rat Testicular Tissue

Exposure to Electromagnetic Fields from Mobile Phones and Fructose consumption Coalesce to Perturb
Metabolic Regulators AMPK/SIRT1-UCP2/FOXO01 in Growing Rats

Tripathi R, Banerjee SK, Nirala JP, Mathur R. Exposure to Electromagnetic Fields from Mobile Phones and
Fructose consumption Coalesce to Perturb Metabolic Regulators AMPK/SIRT1-UCP2/FOXO01 in Growing Rats.
Biomed Environ Sci. 2023 Nov 20;36(11):1045-1058. doi: 10.3967/bes2023.134.

Abstract

Objective: In this study, the combined effect of two stressors, namely, electromagnetic fields (EMFs) from
mobile phones and fructose consumption, on hypothalamic and hepatic master metabolic regulators of the
AMPK/SIRT1-UCP2/FOXO1 pathway were elucidated to delineate the underlying molecular mechanisms of
insulin resistance.
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Methods: Weaned Wistar rats (28 days old) were divided into 4 groups: Normal, Exposure Only (ExpO), Fructose
Only (FruO), and Exposure and Fructose (EF). Each group was provided standard laboratory chow ad libitum for
8 weeks . Additionally, the control groups, namely, the Normal and FruO groups, had unrestricted access to
drinking water and fructose solution (15%), respectively. Furthermore, the respective treatment groups, namely,
the ExpO and EF groups, received EMF exposure (1,760 MHz, 2 h/day x 8 weeks). In early adulthood,
mitochondrial function, insulin receptor signaling, and oxidative stress signals in hypothalamic and hepatic
tissues were assessed using western blotting and biochemical analysis.

Result: In the hypothalamic tissue of EF, SIRT1, FOXO 1, p-PI13K, p-AKT, Complex Ill, UCP2, MnSOD, and catalase
expressions and OXPHOS and GSH activities were significantly decreased ( P < 0.05) compared to the Normal,
ExpO, and FruO groups. In hepatic tissue of EF, the p-AMPKa, SIRT1, FOXO1, IRS1, p-PI3K, Complex I, II, l1I, IV, V,
UCP2, and MnSOD expressions and the activity of OXPHQOS, SOD, catalase, and GSH were significantly reduced
compared to the Normal group (P < 0.05).

Conclusion: The findings suggest that the combination of EMF exposure and fructose consumption during
childhood and adolescence in Wistar rats disrupts the closely interlinked and multi-regulated crosstalk of insulin
receptor signals, mitochondrial OXPHOS, and the antioxidant defense system in the hypothalamus and liver.

Excerpts

In the Normal group, animals had free access to standard laboratory chow and filtered drinking water. The
animals had free access to standard laboratory chow and 15% fructose as a drinking solution. In the ExpO group,
the animals had free access to standard laboratory chow and filtered drinking water. Additionally, they were
exposed to EMF from mobile phones (frequency of 1,760 MHz, power density of 0.3988 mW/cm?, GSM, and SAR
of 0.181 W/kg) for 2 h/day for 8 weeks. In the EF, the animals had free access to standard laboratory chow and
15% fructose as a drinking solution. Additionally, they were exposed to EMF from mobile phones (frequency of
1,760 MHz, power density of 0.3988 mW/cm?, GSM, and SAR of 0.181 W/kg) for 2 h/day for 8 weeks....

These data indicate that the EMF from mobile phones and fructose consumption during childhood-adolescence
coalesce to mitigate master metabolic regulators (AMPK-SIRT1) and signals of oxidative phosphorylation and
insulin functions (UCP2 and FOXO01) in the hypothalamus and liver, ultimately initiating the genesis of hyp-IR and
hep-IR by early adulthood.

Open access paper: https://www.besjournal.com/en/article/doi/10.3967/bes2023.134

Comparison of the Effects of Rosmarinic Acid and Electromagnetic Radiation-Induced Cardiotoxicity on Rats

Goudarzi M, Fatahi Asl J, Shoghi H. Comparison of the Effects of Rosmarinic Acid and Electromagnetic Radiation-
Induced Cardiotoxicity on Rats. J Tehran Heart Cent. 2023 Jul;18(3):207-213. doi: 10.18502/jthc.v18i3.14115.

Abstract

19


https://www.besjournal.com/en/article/doi/10.3967/bes2023.134

Background: Electromagnetic radiation (EMR) causes stable aggregation of reactive oxygen species (ROS),
producing oxidative stress. Rosmarinic acid (RA), a plant-origin antioxidant, has been proposed against the side
effects of cell phone and ultrahigh-frequency waves.

Methods: Forty-two male Wistar rats were randomly divided into 6 groups. Group 1 (controls) received 5 mL of
normal saline with the gavage method, Group 2 received 915 MHz radiation, Group 3 received 2450 MHz
radiation, Group 4 received RA plus 915 MHz radiation, Group 5 received RA plus 2450MHz radiation, and Group
6 received oral RA (5 mg/kg). Treatment and radiation (1 hour per day) continued for up to 30 days.

Results: EMR significantly reduced the activities of superoxide dismutase (SOD), catalase (CAT), and glutathione
peroxidase (GPx), the content of glutathione (GSH), and the level of total antioxidant capacity (TAC) and
significantly increased oxidative stress indices, such as the levels of malondialdehyde (MDA) and nitric oxide
(NO), and the content of protein carbonyl (PC). In contrast, RA significantly elevated TAC level (all groups), GSH
content (the RA/cell phone radiation group), GPx activity (the RA/ultrahigh-frequency radiation group), SOD
activity (all groups), and CAT activity (RA/ultrahigh-frequency radiation group) and conversely reduced MDA
level (all groups), NO level (all groups), and PC content (all groups) in the RA/cell phone and RA/ultrahigh-
frequency radiation groups compared with the NS/cell phone and NS/ultrahigh-frequency radiation groups,
respectively. The administration of RA resulted in a significant reversal of cardiac markers in EMR-intoxicated
rats.

Conclusion: RA treatment showed a significant protective effect against EMR-induced cardiotoxicity.

Open access paper: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10748653/

Single and combined neurotoxic, cytotoxic and genotoxic effects of 5 GHz MIMO waves and computed
tomography irradiation in male Wistar rats

Obajuluwa AOQ, Lech JC, Amina D, Onwuka CC, Bolarinwa RA, Obajuluwa TM, Fafure AA, Kriiger TPJ, Afolabi OB,
Anish A, Emoruwa O, Baker M (2023) Single and combined neurotoxic, cytotoxic and genotoxic effects of 5 GHz
MIMO waves and computed tomography irradiation in male Wistar rats. Egyptian Journal of Basic and Applied

Sciences. 10(1):835-845. doi: 10.1080/2314808X.2023.2282243

Abstract

A significant public concern is how technologies that emit electromagnetic waves interact and affect the biota
because they are linked to the dysregulation of genes involved in neurotransmission, oxidative stress, and
normal cellular function. Standard methods have been used to study how the combination of electromagnetic
waves from 5 GHz radio and computed tomography (CT) irradiation affects whole blood parameters,
neurobehavioural profiles, genomic DNA, and p53 gene expression in Wistar rats grouped into five, namely, |-
Negative control, ll-sham, 1lI-5 GHz only, IV-5 GHz + CT, V-CT. The 5 GHz router was connected to the internet
using an ethernet cable and the specific absorbance rate (SAR) was measured as 0.54W/kg and 24 V/0.5A power
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density, while CT parameters were set at 140 K.v, 300 mA, 5.3 cv at a 1.0-s speed for 60 s. Genomic DNA was
isolated from rats’ cerebral cortex, while target gene and internal control primers (GAPDH) were synthesized for
tumor suppressor (p53) gene expression and electrophoresed on a 1.2% agarose gel. We found that CT
irradiation had gross effects on platelets, white blood cell counts, memory, hepatic and testicular
histoarchitectures compared to the 5 GHz-only group. However, there was a loss of p53 (exons 5-7) gene bands
in electrophoresed data with increased micronucleated polychromatic erythrocyte count in the 5 GHz group.
Regardless of the interferential interaction in the combination group, the deleterious effects of non-ionizing and
ionizing irradiation in the single and combined exposure groups predict functional abnormalities and
dysregulated cellular processes from high electromagnetic fields exposure in biological systems.

Open access paper: https://www.tandfonline.com/doi/full/10.1080/2314808X.2023.2282243

Impact of GSM-EMW exposure on the markers of oxidative stress in fetal rat liver

Salameh M, Zeitoun-Ghandou S, Sabra L. et al. Impact of GSM-EMW exposure on the markers of oxidative stress
in fetal rat liver. Sci Rep 13, 17806 (2023). doi: 10.1038/s41598-023-44814-z.

Abstract

The current study investigated the effects of 24 h/day prenatal exposure to global system for mobile
communication electromagnetic fields (GSM-EMFs), 900 MHZ-induced electromagnetic radiation (EMR), on
oxidative stress (OS) status, apoptotic, and inflammatory changes in liver of rats during their fetal development
period. Fifty-two Sprague—Dawley pregnant rats were equally divided into control and exposed groups. Whole
embryos were removed at 7.5 dpc (days post coitus), while liver tissues were extracted from embryos at 11.5,
15.5, and 19.5 dpc. For exposed animals, results showed an increased OS reflected by high levels of
malondialdehyde (MDA), a decrease in cytosolic superoxide dismutase (cytoSOD) activity, in mitochondrial
superoxide dismutase (mitoSOD) levels and catalase (CAT) mRNA expression but also in hepatic nuclear factor
erythroid 2-related Factor 2 (Nrf-2), protein kinase B (Akt1), and intercellular adhesion molecule-1 (ICAM-1)
MRNA expression at 15.5 dpc. Moreover, GSM-EMR exposure was shown to significantly decrease mitoSOD and
CAT activities at almost all studied ages. Thus, rat embryos may be protected by their mothers from OS,
apoptotic, and pro-inflammatory responses till a sensitive developmental stage, during a continuous prenatal
EMR exposure. This protection could be then created from the embryos themselves.

Open access paper: https://www.nature.com/articles/s41598-023-44814-z

Lipoic acid inhibits cognitive impairment induced by multiple cell phones in young male rats: role of Sirtl and
Atg7 pathway

El-Kafoury BMA., Abdel-Hady EA, El Bakly W. et al. Lipoic acid inhibits cognitive impairment induced by multiple
cell phones in young male rats: role of Sirt1 and Atg7 pathway. Sci Rep 13, 18486 (2023). doi: 10.1038/s41598-
023-44134-2

Abstract
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The utilization of digital technology has grown rapidly in the past three decades. With this rapid increase, cell
phones emit electromagnetic radiation; that is why electromagnetic field (EMF) has become a substantial new
pollution source in modern civilization, mainly having adverse effects on the brain. While such a topic attracted
many researchers’ scopes, there are still minimal discoveries made regarding chronic exposure to EMF. The
extensive use of cell phones may affect children's cognition even indirectly if parents and guardians used their
phones repeatedly near them. This study aims to investigate possible lipoic acid (LA) effects on cognitive
functions and hippocampal structure in young male rats exposed to electromagnetic fields (EMF) emitted from
multiple cell phones. Forty young male Wistar rats were randomly allocated into three groups: control, multiple
cell phones-exposed and lipoic acid-treated rats. By the end of the experimental period, the Morris water maze
was used as a cognitive test. The rats were sacrificed for the collection of serum and hippocampal tissue. These
serum samples were then utilized for assessment of Liver function tests. The level of glutamate, acetylcholine
(Ach) and malondialdehyde (MDA) was estimated, in addition to evaluating the expression of autophagy-related
protein-7 (Atg7) and Sirtl genes. The left hippocampal specimens were used for histopathological studies.
Results showed that multiple cell phone-exposed rats exhibited shorter latency time to reach the platform by
the fifth day of training; additionally, there was a reduction in consolidation of spatial long-term memory.
Correspondingly, there was an elevation of hippocampal Ach, glutamate, and MDA levels; accompanied by up-
regulation of hippocampal Sirt1 and Atg7 gene expression. Compared to the EMF-exposed group, LA
administration improved both learning and memory, this was proved by the significant decline in hippocampal
MDA and Ach levels, the higher hippocampal glutamate, the downregulated hippocampal Sirtl gene expression
and the upregulated Atg7 gene expression. In conclusion, EMF exposure could enhance learning ability;
however, it interfered with long-term memory consolidation shown by higher hippocampal Ach levels. Lipoic
acid treatment improved both learning and memory by enhancing autophagy and hippocampal glutamate level
and by the reduced Ach levels and Sirt1 gene expression.

Open access paper: https://www.nature.com/articles/s41598-023-44134-2

Mobile telephony radiation exerts genotoxic action and significantly enhances the effects of gamma radiation
in human cells

Panagopoulos DJ. Mobile telephony radiation exerts genotoxic action and significantly enhances the effects of
gamma radiation in human cells. Gen Physiol Biophys. 2023 Dec 8. doi: 10.4149/gpb_2023036.

Abstract

| previously reported induction of chromosomal damage in human peripheral blood lymphocytes (HPBLs)
induced by: a) Mobile telephony (MT) electromagnetic fields (EMFs)/electromagnetic radiation (EMR), b) a high
caffeine dose, and c) the combination of the two stressors. HPBLs from the same subjects exposed to gamma
radiation at doses 0.1, 0.3, or 0.5 Gy, displayed more aberrations than those exposed to MT EMFs or the high
caffeine dose in a dose-dependent manner. When the cells exposed to these gamma radiation doses were pre-
exposed to a single 15-min MT EMF exposure, the number of aberrations increased significantly more than the
sum number of aberrations induced by the individual stressors in all subjects. Thus, MT EMF exposure at a
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power density ~136 times below the latest International Commission on Non-lonizing Radiation Protection
(ICNIRP) exposure limit, apart from the fact that it is genotoxic by itself, significantly enhanced the genotoxic
action of gamma radiation. Since gamma radiation at similar doses is applied for diagnostic and therapeutic
purposes, people should be aware of the increased risk during treatment periods. Comparison of the genotoxic
action between MT EMF and gamma radiation shows that the ICNIRP limits are, at least, ~4.5x10* times less
stringent than the limits for gamma radiation.

https://pubmed.ncbi.nlm.nih.gov/38099580/

Electromagnetic interference shielding effectiveness of pure aluminum: an experimental assessment for 5G
(Sub-6GHZ2)

Sorgucu, U. Electromagnetic interference (EMI) shielding effectiveness (SE) of pure aluminum: an experimental
assessment for 5G (SUB 6GHZ). J Mater Sci: Mater Electron 34, 2325 (2023). doi: 10.1007/s10854-023-11686-y.

Abstract

This article investigates the feasibility of using pure aluminium for electromagnetic shielding in the 5G frequency
region. With the growing proliferation of 5G wireless technologies, concerns over the potential health effects of
electromagnetic interference have emerged, and effective shielding solutions are needed. The study examines
the shielding effectiveness of pure aluminium at various thicknesses and frequencies, using experimental
measurement method. The results indicate that pure aluminium is an effective shielding material in the 5G
frequency range, with shielding effectiveness increasing with thickness. As known, aluminium is a cost-effective,
easily available and applicable material which can be used alternatively to other shielding materials. In addition
to its physical and commercial properties, aluminum has been used as a shielding material in the literature for
many frequency regions due to its shielding properties. Electromagnetic shielding efficiencies of aluminium
sheets designed in different ways have been measured in this study. The paper concludes that pure aluminium
can be a viable solution for electromagnetic shielding in 5G applications. The study highlights the importance of
considering shielding effectiveness when designing and implementing 5G systems, and underscores the
potential of pure aluminium as a shielding material.

Conclusion

The SE of aluminium has been evaluated for a frequency range where 5G (sub 6 GHz) applications will be
implemented. In this respect, it is considered a serious contribution to the literature. The SE of aluminium has
been analysed for a wide spectrum from 3.3 to 6 GHz. In addition, the effect of thickness of the aluminium
sheets was also investigated as part of this study. For this purpose, single-layer, double-layer and triple-layer
aluminium sheets were formed and measured. The experimental results obtained within the scope of this paper
show that;

e Aluminium shows an SE in the range of 45-90 dB for the 5G range.

e The shielding performance of aluminium decreases with increasing frequency.

e As the thickness of the aluminium sheet increases, the shielding performance increases.
e The SE of aluminium is particularly effective in the 4.5 and 5.1 GHz frequency ranges.
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e Considering the physical advantages of aluminium, it can be used in 5G applications to be carried out in
these regions.

e The absorption characteristic of aluminium is more dominant than the reflection characteristic in the 5G
frequency range below 6 GHz. The average absorption is between 20 and 60 dB, while the reflection
characteristic is between 10 and 20 dB.

The EMC characteristics of different metals and their layered forms will be the subject of future studies at the
5G frequency range.

https://doi.org/10.1007/510854-023-11686-y

Low-frequency electric fields at smartphone surface

Voccio J, Seredinski A, Song J, Khabari A, Chuery M, Oshman H, Mujica PS. Low-frequency electric fields at
smartphone surface. AIP Advances 1 November 2023; 13 (11): 115213. doi: 10.1063/5.0169965

Abstract

Mobile phones, tablets, and other devices with capacitive touchscreens are ubiquitous in modern society.
Consequently, the battery health of such devices along with the potential public health impacts of their typical
use is of high importance. Here, we investigate the AC electric field present near the touchscreen surface during
device charging. Using a Trifield TF2 meter for magnitude and a Faraday pickup coil for frequency, we study the
AC electric field at the surface of an Apple iPhone 8 mobile phone in the 0-200 kHz range, well below the
uplink/downlink bands used for cellular signals. We find the addition of the frequency content throughout this
range and with integrated magnitude of the order of 500 V/m rms under certain phone charging conditions. Our
findings suggest that the field is being generated by the lithium-ion battery. We note also that these AC electric
fields are not present when the device is charged from a portable power bank.

Open access paper: https://pubs.aip.org/aip/adv/article/13/11/115213/2921825/Low-frequency-electric-fields-
at-smartphone

Residential exposure to magnetic fields from transformer stations and risk of childhood leukemia

Malavolti M, Malagoli C, Wise LA, Poli M, Notari B, Taddei |, Fabbi S, Teggi S, Balboni E, Pancaldi A, Palazzi G,
Vinceti M, Filippini T. Residential exposure to magnetic fields from transformer stations and risk of childhood
leukemia. Environ Res. 2023 Dec 23:118043. doi: 10.1016/j.envres.2023.118043.

Highlights
A few children may be exposed to magnetic fields due to transformer stations at home.

Transformer stations show little association with overall childhood leukemia risk.
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Children aged 25 years might have an increased leukemia risk from such exposure.

Abstract

Background: Several studies have documented an increased risk of leukemia among children exposed to
magnetic fields, with some evidence of dose-response relation. However, findings in some studies have been
inconsistent, and data on the effects of different sources of exposure are lacking. In this study, we evaluated the
relation of childhood leukemia risk to exposure to magnetic fields from transformer stations.

Methods: We conducted a population-based case-control study in a pediatric population of two Northern Italian
provinces of Modena and Reggio Emilia. We included 182 registry-identified childhood leukemia cases
diagnosed during 1998-2019 and 726 population controls match on age, sex and province. We assessed
exposure by calculating distance from childhood residence to the nearest transformer station within a
geographical information system, computing disease odds ratios (ORs) and 95% confidence intervals (Cls) using
conditional logistic regression, adjusting for potential confounders. We evaluated exposure using two buffers
(15m and 25m radius) and assessed two case groups: leukemia (all subtypes) and acute lymphoblastic leukemia
(ALL).

Results: Residing within 15 m of a transformer station (vs. 215 m) was not appreciably associated with risk of
leukemia (all subtypes) or ALL. We found similar results using a less stringent exposure buffer (25 m). Among
children aged 25 years, the multivariable ORs were 1.3 (95% Cl 0.1-12.8) for leukemia and 1.3 (95% Cl 0.1-12.4)
for ALL using the 15 m buffer, while they were 1.7 (95% Cl 0.4-7.0) for leukemia and 0.6 (95% Cl 0.1-4.8) for ALL
using the 25 m buffer.

Conclusions: While we found no overall association between residential proximity to transformer stations and
childhood leukemia, there was some evidence for elevated risks of childhood leukemia among children aged >5
years. Precision was limited by the low numbers of exposed children.

Open access paper: https://www.sciencedirect.com/science/article/pii/S0013935123028475

Biological Effects of Magnetic Storms and ELF Magnetic Fields

Sarimov RM, Serov DA, Gudkov SV. Biological Effects of Magnetic Storms and ELF Magnetic Fields. Biology. 2023;
12(12):1506. doi: 10.3390/biology12121506

Simple Summary

The study of the biological effects of time-varying magnetic fields has attracted more and more attention from
researchers, and the number of publications on this topic is growing every year. In this article, we plan to briefly
introduce the reader to the results of research, ideas, and discussions on the biological effects of time-varying
magnetic fields. This article is illustrated with a large number of generalizing figures and contains a lot of factual
data. This review presents the main biological effects observed during magnetic storms and in laboratory
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studies. The general concepts of studying the influence of magnetic storms on humans are described. Possible
approaches to modeling magnetobiological effects at different levels of the organization of living things are
presented. The results of the impact of anthropogenic fields on humans (epidemiological studies) are presented.
The mechanisms of action of time-varying magnetic fields on living objects are discussed. Dependences of
guantitative characteristics of the biological action of time-varying magnetic fields on their frequency, induction,
and duration are discussed. The information presented in this manuscript may be valuable for a wide range of
readers in the initial assessment of the risks associated with the influence of time-varying magnetic fields on the
body.

Abstract

Magnetic fields are a constant and essential part of our environment. The main components of ambient
magnetic fields are the constant part of the geomagnetic field, its fluctuations caused by magnetic storms, and
man-made magnetic fields. These fields refer to extremely-low-frequency (<1 kHz) magnetic fields (ELF-MFs).
Since the 1980s, a huge amount of data has been accumulated on the biological effects of magnetic fields, in
particular ELF-MFs. However, a unified picture of the patterns of action of magnetic fields has not been formed.
Even though a unified mechanism has not yet been generally accepted, several theories have been proposed. In
this review, we attempted to take a new approach to analyzing the quantitative data on the effects of ELF-MFs
to identify new potential areas for research. This review provides general descriptions of the main effects of
magnetic storms and anthropogenic fields on living organisms (molecular—cellular level and whole organism)
and a brief description of the main mechanisms of magnetic field effects on living organisms. This review may be
of interest to specialists in the fields of biology, physics, medicine, and other interdisciplinary areas.

Conclusions and Prospects

ELF-MFs with a frequency of <1 kHz have a wide range of biological effects on living systems. These fields include
fluctuations of the GMF during a magnetic storm and background TVMF generated by electrical equipment,
transport, etc. Among the main effects of magnetic storms on humans, changes in the cardiovascular system are
primarily noted. Anthropogenic ELF-MFs affect the functioning of the cardiovascular system and may also be
associated with the risk of developing some kinds of cancer. ELF-MFs studied in the laboratory had the most
diverse effects on the circulatory, nervous, immune, endocrine, and musculoskeletal systems of humans and
animals, as well as on plants and insects. We attempted to search for patterns connecting the MF spectral
content and the level of the biological effect. It was found that most of the effects are localized in amplitude—
frequency “windows”; maxima are observed in the areas of cyclotron resonances of mono- and divalent ions,
industrial MFs, and magnetic storms. The analysis approach we used can be expanded by introducing additional
parameters (field direction, presence of rotation, the shape of a single signal, etc.). The results obtained may be
of fundamental value and find practical application in biology, medicine, and agriculture.

Open access paper: https://www.mdpi.com/2079-7737/12/12/1506

On the quantum nature of magnetic phenomena in biology
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Binhi V, Rubin AB. On the quantum nature of magnetic phenomena in biology. Physics of biology and medicine
(2023). 1:44-73. doi: 10.7256/2730-0560.2023.1.40435

Abstract

The review discusses the microscopic mechanisms of the action of weak magnetic fields on organisms.
Magnetobiology distinguishes between magnetoreception, i.e., the effect of a magnetic field on specialized
receptors, and a nonspecific response that develops without such receptors. The nonspecific effects of weak
magnetic fields are highly general and universal: they occur in all organisms. Often these effects are disguised as
the result of the action of uncontrolled random factors, appear as an increased scatter of measurements, and
accompanied by low reproducibility. The nature of nonspecific magnetic effects, as is shown in this review, is
related to the quantum dynamics of the magnetic moments of electrons, magnetic nuclei, and, possibly,
rotations of molecular groups. Among the most substantiated is the spin-chemical mechanism, first of all. Its
known low sensitivity to weak magnetic fields can be increased by including spin-correlated radical pairs in the
enzymes that catalyze biopolymer processes, e.g., ribosomal ones. We show that research on the effects of
significantly weakened magnetic fields compared with the geomagnetic field on cellular processes has prospects
for various practical applications. The mechanisms proposed to explain nonspecific effects, but turned out to be
untenable, are listed.

Conclusion

Quantum nonspecific effects of weak MP have a general and universal character — they always occur in all
organisms. These effects are invisible when small. When they are not small and could be noticeable, they, by
virtue of their randomness, disguise themselves as the result of the action of uncontrolled random factors. This
manifests itself in the form of non—reproducibility, - heterogeneity of the array of measurements or specifically
increased random spread. Unlike magnetoreception — the action of weak MP on specialized receptors of some
organisms — magnetic nonspecific effects do not receive the attention of researchers. The molecular physical
mechanisms of non-specific effects remain largely unclear, although the understanding of their nature is
gradually deepening. Knowledge of molecular mechanisms would significantly reduce the level of randomness of
non-specific effects, i.e. increase their reproducibility, and find many useful applications for them. Among the
promising ones are mechanisms based on the quantum dynamics of magnetic moments, primarily the
magnetochemical mechanism, or RPM. The low sensitivity of RPM in the region of weak MP is compensated by
the possible inclusion of spin-correlated radical pairs in the work of biopolymer enzymes, in particular ribosomal
translation enzymes. This makes it possible to increase the magnetic sensitivity of the RPM by two or three
orders of magnitude due to a statistical increase in the probability of local errors of cellular translation. Thus, the
main problem of magnetobiology can be considered solved, since a consistent explanation of the biological
effects of weak MP appears. The mechanisms of mixing the quantum levels of magnetic moments and the
molecular gyroscope also have a certain explanatory potential in relation to the effects of MP. This paper also
lists mechanisms that have been proposed at various times to explain the nonspecific biological effects of weak
MP, but have proved to be untenable for one reason or another. These include induction and resonance
mechanisms, as well as mechanisms based on the dynamics of magnetic nanoparticles. In general, all
mechanisms that use classical, rather than quantum, physics to describe microscopic processes are untenable,
for example, those that use the idea of the Lorentz force. It is shown that the study of the effect of hypoMP on
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cellular processes under conditions of compensation or screening of laboratory magnetic fluctuations has good
prospects for a variety of practical applications.

Open access paper: https://en.nbpublish.com/library read article.php?id=40435

Electromagnetic Exposure Level of a Pure Electric Vehicle Inverter Based on a Real Human Body

Dong X, Gao Y, Lu M. The Electromagnetic Exposure Level of a Pure Electric Vehicle Inverter Based on a Real
Human Body. Applied Sciences. 2024; 14(1):32. doi: 10.3390/app14010032

Abstract

In order to quantitatively analyze the electromagnetic exposure dose of an inverter in a pure electric vehicle to
the driver’s body and assess the safety of the electromagnetic exposure, based on a real human anatomy model
in the virtual home project, a real human model with several organs and tissues, including muscles, bones, a
heart, lungs, a liver, kidneys, a bladder, a skull, a scalp, white matter, and a cerebellum, was constructed. The
inverter of a pure electric vehicle is considered to be the electromagnetic exposure source; for this study, an
equivalent electromagnetic environment model composed of a real human body, an inverter, and a vehicle body
was built. The distribution of induced fields in the driver’s tissues and organs was calculated and analyzed using
the finite element method. The results show that the distribution of the magnetic flux density, induced electric
field, and induced current density in the driver’s body was affected by the spatial distance of the inverter. The
farther the distance was, the weaker the value was. Specifically, due to the different dielectric properties of the
different tissues, the induced field in the different tissues was significantly different. However, the maximum
magnetic flux density over the space occupied by the driver’s body and induced electric field in the driver’s trunk
and central nervous system satisfied the exposure limits of the International Commission on Non-lonization
Radiation Protection, indicating that the electromagnetic environments generated by the inverter proposed in
this paper are safe for the vehicle driver’s health. The numerical results of this study could also effectively
supplement the study of the electromagnetic environments of pure electric vehicles and provide some
references for protecting the drivers of pure electric vehicles from electromagnetic radiation.

Conclusions

Based on the numerical results, we found that although the B-field in the central region of the inverter exceeds
the reference level of the ICNIRP for general public exposure, when the distance from the inverter is increased,
the B-field values sharply decrease. The maximum B-field over the space occupied by the driver’s body and the
E-field in the driver’s trunk and CNS are all below the exposure limits defined by the ICNIRP for general public
exposure. The electromagnetic environment generated by the inverter adopted in this study (12 kW, Semikron,
Germany), at its rated state in the paper, is therefore safe and would not affect the PEV driver’s health.
Additionally, the results of this study could effectively supplement research regarding the electromagnetic
environment of PEVs and provide references for the formulation of industry standards for electromagnetic
exposure and the design of vehicles that are safe in terms of electromagnetic exposure.
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Open access paper: https://www.mdpi.com/2076-3417/14/1/32

Effects of 2.4 GHz radiofrequency electromagnetic field (RF-EMF) on glioblastoma cells (U -118 MG)

Nowak-Terpitowska A, Gérski R, Marszatek M, Wosiniski S, Przesmycki R, Bugaj M, Nowosielski L, Baranowski M,
Zeyland J. Effects of 2.4 GHz radiofrequency electromagnetic field (RF-EMF) on glioblastoma cells (U -118 MG).
Ann Agric Environ Med. 2023 Dec 22;30(4):763-772.

Abstract

Introduction and objective: Mobile phones and Wi-Fi are the most commonly used forms of
telecommunications. Initiated with the first generation, the mobile telephony is currently in its fifth generation
without being screened extensively for any biological effects that it may have on humans or on animals. Some
studies indicate that high frequency electromagnetic radiation emitted by mobile phone and Wi-Fi connection
can have a negative effect upon human health, and can cause cancer, including brain tumour.

Objective: The aim of the study was to investigate the influence of 2.4 GHz radiofrequency electromagnetic field
(RF-EMF) on the proliferation and morphology of normal (human embryonic kidney cell line Hek-293) and cancer
cells (glioblastoma cell line U-118 MG).

Material and methods: The cell cultures were incubated in RF-EMF at the frequency of 2.4 GHz, with or without
dielectric screen, for 24, 48 and 72h. In order to analyse the influence of the electromagnetic field on cell lines,
Cytotoxicity test Cell Counting Kit-8 was performed. To protect cells against emission of the electromagnetic
field, a dielectric screen was used.

Results: It was found that 2.4 GHz RF electromagnetic field exposure caused a significant decrease in viability of
U-118 MG and Hek-293 cells. The impact of the electromagnetic field was strongest in the case of cancer cells,
and the decrease in their survival was much greater compared to the healthy (normal) cells of the Hek-293 line.

Conclusions: Results of the study indicate that using a radio frequency electromagnetic field (2.4 GHz) has a
clearly negative effect on the metabolic activity of glioblastoma cells. RF-EMF has much less impact on reducing
the viability of normal cells (Hek -293) than cancer cells.

Open access paper: https://www.aaem.pl/Effects-of-2-4-GHz-radiofrequency-electromagnetic-field-RF-EMF-on-
glioblastoma-cells,176405,0,2.html|

[Effects of 50 Hz electromagnetic field on rat working memory and investigation of neural mechanisms]
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Wang L, Li S, Li T, Zheng W, Li Y, Xu G. [Effects of 50 Hz electromagnetic field on rat working memory and
investigation of neural mechanisms]. Sheng Wu Yi Xue Gong Cheng Xue Za Zhi. 2023 Dec 25;40(6):1135-1141.
Chinese. doi: 10.7507/1001-5515.202303032.

With the widespread use of electrical equipment, cognitive functions such as working memory (WM) could be
severely affected when people are exposed to 50 Hz electromagnetic fields (EMF) for long term. However, the
effects of EMF exposure on WM and its neural mechanism remain unclear. In the present paper, 15 rats were
randomly assigned to three groups, and exposed to an EMF environment at 50 Hz and 2 mT for a different
duration: 0 days (control group), 24 days (experimental group 1), and 48 days (experimental group Il). Then, their
WM function was assessed by the T-maze task. Besides, their local field potential (LFP) in the media prefrontal
cortex (mPFC) was recorded by the in vivo multichannel electrophysiological recording system to study the
power spectral density (PSD) of 8 and y oscillations and the phase-amplitude coupling (PAC) intensity of 8-y
oscillations during the T-maze task. The results showed that the PSD of 6 and y oscillations decreased in
experimental groups | and Il, and the PAC intensity between 6 and high-frequency y (hy) decreased significantly
compared to the control group. The number of days needed to meet the task criterion was more in
experimental groups | and Il than that of control group. The results indicate that long-term exposure to EMF
could impair WM function. The possible reason may be the impaired communication between different
rhythmic oscillations caused by a decrease in 8-hy PAC intensity. This paper demonstrates the negative effects of
EMF on WM and reveals the potential neural mechanisms from the changes of PAC intensity, which provides
important support for further investigation of the biological effects of EMF and its mechanisms.

https://pubmed.ncbi.nlm.nih.gov/38151936/

Glioblastoma behavior study under different frequency electromagnetic field

Xiang XW, Liu HT, Tao XN, Zeng YL, Liu J, Wang C, Yu SX, Zhao H, Liu YJ, Liu KF. Glioblastoma behavior study
under different frequency electromagnetic field. iScience. 2023 Nov 23;26(12):108575. doi:
10.1016/j.isci.2023.108575.

Abstract

The tumor-treating fields (TTFields) technology has revolutionized the management of recurrent and newly
diagnosed glioblastoma (GBM) cases. To ameliorate this treatment modality for GBM and other oncological
conditions, it is necessary to understand the biophysical principles of TTFields better. In this study, we further
analyzed the mechanism of the electromagnetic exposure with varying frequencies and electric field strengths
on cells in mitosis, specifically in telophase. In reference to previous studies, an intuitive finite element model of
the mitotic cell was built for electromagnetic simulations, predicting a local increase in the cleavage furrow
region, which may help explain TTFields' anti-proliferative effects. Cell experiments confirmed that the reduction
in proliferation and migration of glioma cell by TTFields was in a frequency- and field-strength-dependent
manner. This work provides unique insights into the selection of frequencies in the anti-proliferative effect of
TTFields on tumors, which could improve the application of TTFields.
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Open access paper: https://www.cell.com/iscience/fulltext/S2589-0042(23)02652-4

Response of photosynthesis and electrical reactions of wheat plants upon the action of magnetic fields in the
Schumann resonance frequency band

Grinberg M, llin N, Nemtsova Y, Sarafanov F, lvanova A, Dolinin A, Pirogova P, Vodeneev V, Mareev E. Response
of photosynthesis and electrical reactions of wheat plants upon the action of magnetic fields in the Schumann
resonance frequency band. Plant Signal Behav. 2024 Dec 31;19(1):2294425. doi:
10.1080/15592324.2023.2294425.

Abstract

Alternating magnetic fields (MF) with Schumann resonance frequencies accompanied the development of living
organisms throughout evolution, but today it remains unclear whether they can have a special biological effect
in comparison with surrounding non-resonant frequencies. This work shows some stimulating effect of
extremely low-frequency MFs on morphometric parameters and the activity of physiological processes in wheat
(Triticum aestivum L.). It is shown that the MF effect is more pronounced for transient processes -
photosynthesis reactions and changes in electrical potential caused by turning on light. For light-induced
electrical reactions, the dependence of the severity of the effect on the frequency of the applied MF was
demonstrated. It is shown that the most pronounced effect occurs in the 14.3 Hz field, which corresponds to the
second harmonic of the Schumann resonance. The predominant sensitivity of signal-regulatory systems gives
reason to assume the influence of MFs with Schumann resonance frequencies on the interaction of plants with
environmental factors under conditions of a changed electromagnetic environment. Such conditions can occur,
for example, with an increase in lightning activity caused by climate change, which serves as the basis for the
generation of Schumann resonances, and with the development of artificial ecosystems outside the Earth's
atmosphere.

https://pubmed.ncbi.nlm.nih.gov/38147417/

Model of a Predictive Neural Network for Determining the Electric Fields of Training Flight Phases

Michalowska J. Model of a Predictive Neural Network for Determining the Electric Fields of Training Flight
Phases. Energies. 2024; 17(1):126. doi: 10.3390/en17010126.

Abstract

Tests on the content of the electrical component of the electromagnetic field (EMF) were carried out with an
NHT3DL broadband meter by Microrad using a 01E (100 kHz + 6.5 GHz) measuring probe. Measurements were
made during training flights (Cessna C172, Cessna C152, Aero AT3, and Technam P2006T aircrafts). A neural
network was used, the task of which was to learn to predict the successive values of average (Erms) and
instantaneous (Epeak) electromagnetic fields used here. Such a solution would make it possible to determine the
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most favorable routes for all aircrafts. This article presents a model of an artificial neural network which aims to
predict the intensity of the electrical component of the electromagnetic field. In order to create the developed
model, that is, to create a training sequence for the model, a series of measurements was carried out on four
types of aircraft (Cessna C172, Cessna C152, Aero AT3, and Technam P2006T). The model was based on long
short-term memory (LSTM) layers. The tests carried out showed that the accuracy of the model was higher than
that of the reference method. The developed model was able to estimate the electrical component for the
vicinity of the routes on which it was trained in order to optimize the exposure of the aircraft to the electrical
component of the electromagnetic field. In addition, it allowed for data analysis of the same training flight
routes. The reference point for the obtained electric energy results were the normative limits of the
electromagnetic field that may affect the crew and passengers during a flight. Monitoring and measuring the
electromagnetic field generated by devices is important from an environmental point of view, as well as for the
purposes of human body protection and electromagnetic compatibility. In order to improve reliability in general
aviation and to adapt to the proposed requirements, aviation training centers are obliged to introduce systems
for supervising and analyzing flight parameters.

Open access paper: https://www.mdpi.com/1996-1073/17/1/126

Effect of 2850 MHz electromagnetic field radiation on the early growth, antioxidant activity, and secondary
metabolite profile of red and green cabbage

Handa AP, Vian A, Singh HP et al. Effect of 2850 MHz electromagnetic field radiation on the early growth,
antioxidant activity, and secondary metabolite profile of red and green cabbage (Brassica oleracea L.). Environ
Sci Pollut Res (2023). doi: 10.1007/s11356-023-31434-3.

Abstract

The proliferation of wireless and other telecommunications equipment brought about by technological advances
in the communication industry has substantially increased the radiofrequency radiation levels in the
environment. The emphasis is, therefore, placed on investigating the potential impacts of radiofrequency
radiation on biota. In this work, the impact of 2850 MHz electromagnetic field radiation (EMF-r) on early
development, photosynthetic pigments, and the metabolic profile of two Brassica oleracea L. cultivars (red and
green cabbage) was studied. On a daily basis for seven days, seedlings were exposed to homogeneous EMF-r for
one, two, and four hours, and observations were carried out at 0-h, 1-h, and 24-h following the final dose.
Irrespective of the duration of harvest, exposure to EMF-r resulted in a dose-dependent reduction in both root
(from 6.3 cm to 4.0 cm in red; 6.1 cm to 3.8 cm in green) and shoot lengths (from 5.3 cm to ~3.1 cm in red;

5.1 cm to 3.1 cm in green), as well as a decrease in biomass (from 2.9 mgto ~1.1 mgin red; 2.5 t0 0.9 mgin
green) of the seedlings when compared to control samples. Likewise, the chlorophyll (from 6.09 to ~4.94 mg g}
d.wt in red; 7.37 to 6.05 mg g* d.wt. in green) and carotenoid (from 1.49 to 1.19 mg g™t d.wt. in red; 1.14

to 0.51 mg g™ d.wt. in green) contents of both cultivars decreased significantly when compared to the control.
Additionally, the contents of phenolic (28.99-45.52 mg GAE gt in red; 25.49-33.76 mg GAE gt in green),
flavonoid (21.7-31.8 mg QE gt in red; 12.1-19.0 mg QE g™t in green), and anthocyanin (28.8-43.6 mg per 100 g
d.wt. inred; 1.1-2.6 mg per 100 g d.wt. in green) in both red and green cabbage increased with exposure
duration. EMF-r produced oxidative stress in the exposed samples of both cabbage cultivars, as demonstrated
by dose-dependent increases in the total antioxidant activity (1.33—-2.58 mM AAE in red; 1.29-2.22 mM AAE in
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green), DPPH activity (12.96-78.33% in red; 9.62-67.73% in green), H,0, content (20.0-77.15 nM g f.wt. in
red; 14.28-64.29 nM g f.wt. in green), and MDA content (0.20-0.61 nM g™ f.wt. in red; 0.18-0.51 nM g f.wt.
in green) compared to their control counterparts. The activity of antioxidant enzymes, i.e., superoxide
dismutases (3.83-8.10 EU mg™ protein in red; 4.19-7.35 EU mg™! protein in green), catalases (1.81-7.44 EU mg™*
protein in red; 1.04-6.24 EU mg™! protein in green), and guaiacol peroxidases (14.37-47.85 EU mg™! protein in
red; 12.30-42.79 EU mg™! protein in green), increased significantly compared to their control counterparts. The
number of polyphenols in unexposed and EMF-r exposed samples of red cabbage was significantly different. The
study concludes that exposure to 2850 MHz EMF-r affects the early development of cabbage seedlings, modifies
their photosynthetic pigments, alters polyphenol content, and impairs their oxidative metabolism.

https://link.springer.com/article/10.1007/s11356-023-31434-3

Electromagnetic Field Exposure and (Spontaneous) Abortion in Pregnant Women: A Systematic Review and
Meta-Analysis

Irani M, Aradmehr M, Ghorbani M, Baghani R. Electromagnetic Field Exposure and Abortion in Pregnant
Women: A Systematic Review and Meta-Analysis. Malays J Med Sci. 2023;30(5):70-80.
doi:10.21315/mjms2023.30.5.6

Abstract

This study examined the effects of exposure to electromagnetic fields (EMF) on pregnancy and the risk of
miscarriage. We performed a systematic search for relevant studies published to August 2021 in the medical
databases of PubMed, CINAHL, Scopus, Web of Science, Google Scholar and Cochrane Library. The following key
terms were used: ‘electromagnetic field,” ‘mobile phones,’ ‘mobile phone base stations,” ‘watching TV,” ‘using
Internet,” ‘miscarriage,” ‘abortions,” ‘spontaneous abortion,” ‘early abortion’ and ‘late abortion’. All case—control
and cohort studies that investigated the effect of EMF exposure on the risk of miscarriage were included without
any restriction of language or time. Statistical analyses were done using Comprehensive Meta-Analysis software
(version 2.0). A random-effects model was performed to calculate the overall effect size. A primary search
revealed a total of 982 relevant studies; six articles (N = 3,187 participants) met the inclusion criteria for the
meta-analysis. The results of the random-effects meta-analysis indicated that EMF exposure had a significant
effect on miscarriage: rate ratio (RR) = 1.699; 95% confidence interval (Cl): 1.121, 2.363 (P < 0.001); and
heterogeneity (1?) = 84.55% (P < 0.001). The findings showed that pregnant women who were exposed to high
levels of EMF had an increased risk of miscarriage.

Excerpts

This systematic review and meta-analysis study was performed to investigate the effects that exposure to EMF
during pregnancy had on the risk of spontaneous abortion. Six articles were included in the meta-analysis; five
studies confirmed the effect of exposure to electromagnetic waves on spontaneous abortion (25-30). The study
by Abad et al. (27) indicated that, although women who were exposed to significant levels of electromagnetic
waves had a high risk of miscarriage, the relationship was not confirmed by the Wald test. The lack of evidence
may have been related to the small sample size of the study (27).
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The present meta-analysis study showed that the risk of miscarriage in pregnant women who were exposed to
EMF was 1.69 times higher than the risk for women who were not exposed. Ebadi et al. (31) showed that there
was a significant relationship between exposure to low-frequency EMF (i.e. 3 Hz—3000 Hz) generated from
sources in the home and the risk of miscarriage in pregnant women at < 14 weeks gestation. The researchers
also found that the duration of mobile phone use during the day and the intervals between mobile phone use
were associated with the risk of miscarriage (31).

... Different studies have reported conflicting results in terms of the duration of exposure and the risk of
abortion. For example, Li et al. (28) found strong evidence that exposure to a magnetic field over 16 mG may be
associated with a risk of miscarriage. Their study showed that the RR associated with a magnetic field exposure
of 16 mG was 2.2 (95% Cl: 1.2, 4.0). The researchers also showed that the risk of miscarriage from exposure to
magnetic waves was greater in early pregnancy (< 10 weeks) because the foetus was more sensitive to
environmental factors (28).

In their case—control study, Lee et al. (29) found that exposure to high and frequent magnetic fields increased
the risk of abortion in pregnant women enrolled in a medical care system in Northern California. The researchers
stated that the risk of abortion increased with exposures above the 50th percentile level in the environment
(29). In another study, researchers looked at mobile phone use and the risk of abortion in two groups of women:
the case group of women had a spontaneous abortion at < 14 weeks and the control group of women were > 14
weeks gestation. They found that the average duration of mobile phone contact during the day, the location of
the phone when not in use, the use of the phone for other applications, the specific absorption rate (SAR) and
the mean effective SAR were significantly different between the two groups (26).

Open access paper: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10624444/

ICNIRP Guidelines’ Exposure Assessment Method for 5G Millimetre Wave Radiation May Trigger Adverse
Effects

Redmayne M, Maisch DR. ICNIRP Guidelines’ Exposure Assessment Method for 5G Millimetre Wave Radiation
May Trigger Adverse Effects. Int. J. Environ. Res. Public Health 2023, 20, 5267.
https://doi.org/10.3390/ijerph20075267.

Abstract

The current global roll-out of 5G infrastructure is designed to utilise millimetre wave frequencies (30-300 GHz
range) at data transmission rates in the order of gigabits per second (Gbps). This frequency band will be
transmitted using beamforming, a new introduction in near-field exposures. The International Commission on
Non-lonising Radiation Protection (ICNIRP) has recently updated their guidelines. We briefly examine whether
the new approach of the ICNIRP is satisfactory to prevent heat damage and other adverse bio-effects once
millimetre wave 5G is included, and we challenge the use of surface-only exposure assessment for local
exposures greater than 6 GHz in part due to possible Brillouin precursor pulse formation. However, this is
relevant whether or not Brillouin precursors occur from absorption of either 5G or future G transmissions. Many
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significant sources conclude there is insufficient research to assure safety even from the heat perspective. To
date, there has been no published in vivo, in vitro or epidemiological research using exposures to 5G New Radio
beam-formed signals.

Conclusions

Surface radiofrequency exposure assessments including mmW radiation are insufficient to ensure safety; there
are several reasons assessment of SA;, is also needed.

A real danger of the ‘expert’ assurances of a lack of risk is that they discourage the necessary research to
evaluate risk properly. They may also discourage review of apparently outmoded/questionable approaches
being taken in RF exposure standards.

Once the 5G mmW band is internationally operational, a significant proportion of the world’s population will be
exposed to new hazards. The intensity and complexity of near-field exposure, such as when carrying a phone in
a pocket or using it next to the head, will be different for 5G, and this is the first time mmW have been used for
public telecommunications and the first time beamforming has been deliberately introduced for near-field use.
Without research on the impact of near-field 5G, this global step is an experiment at the population level.
Bearing this in mind, there is a vital and urgent need for targeted research and for a re-evaluation of the
scientific relevance of the current RF human exposure standards’ basic approach and assumptions.

Open access paper: https://www.mdpi.com/1660-4601/20/7/5267

Foster, KR, Balzano Q. Comment on Redmayne, M. Maisch, D.R. ICNIRP Guidelines’ Exposure Assessment
Method for 5G Millimetre Wave Radiation May Trigger Adverse Effects. Int. J. Environ. Res. Public Health 2023,
20, 5267. Int. J. Environ. Res. Public Health 2023, 20, 7029. doi:10.3390/ijerph20227029.

Abstract

This article discusses the contention in the commented-upon paper that Brillouin precursors generated by 5G
New Radio (5G NR) and other cellular systems are a possible cause of tissue damage at deeper layers of tissue
than the power penetration depth of the carrier frequency. The original theory for Brillouin precursors from
pulsed radiofrequency signals (RF-EMF) and speculation about their possible health effects dates back to the
1990’s and was based on studies of the propagation of very short (nanosecond) ultrawide-bandwidth RF pulses
through water. This assumption is not correct for cellular telephone signals due to their narrow bandwidth. The
commented-on paper provides no alternative rationale as to why Brillouin effects should cause tissue damage
from RF-EMF radiation from cellular and other communications systems. Other inaccuracies in this paper
concerning thermal responses of tissue to RF-EMF are also noted.

Open access paper: https://www.mdpi.com/1660-4601/20/22/7029

Redmayne M, Maisch DR. Reply to Foster, KR, Balzano Q. Comment on “Redmayne, M.; Maisch, D.R. ICNIRP
Guidelines’ Exposure Assessment Method for 5G Millimetre Wave Radiation May Trigger Adverse Effects. Int. J.
Environ. Res. Public Health 2023, 20, 5267”. Int. J. Environ. Res. Public Health 2023, 20, 7031. doi:
10.3390/ijerph20227031.
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No abstract

Open access paper: https://www.mdpi.com/1660-4601/20/22/7031

Bio effects of 5th generation electromagnetic waves on organs of human beings

Verma A, Kumar V, Gupta S. Bio effects of 5th generation electromagnetic waves on organs of human beings.
Global Health Journal. 2023. doi: 10.1016/j.glohj.2023.11.005.

Abstract

Objectives The uses of devices of electromagnetic waves (EMWs) are increasing day by day. Similarly, the
generation of the waves is increasing. The frequency spectrum of the generation of waves is also increased. In
this manuscript, an analysis of the high frequency EMWs has been made by the electric fields generated due to
the exposure of 5th generation (5 G) of mobile phones.

Methods Due to the emission of waves from the towers, the electric field is generated around the transmission
tower of mobile phones. The electric fields are computed by the power of the transmission tower. The electric
fields across the biological tissues/cells are also computed when the EMWSs penetrate inside the body. The
electric fields are made across the organs of different depths inside the body.

Results The induced electric fields inside the organs of the human beings are responsible for the absorption of
energy from high frequency EMWSs. The absorbed amount of energy from high frequency waves may become
the cause of harmful effects on the life of organs of human beings.

Conclusion In this manuscript, after analysis of the computed electric fields inside the organs of human beings,
it is concluded that the EMWs of 5 G spectrum of mobile phone towers may more harmful for the life of organs
as 4th generation (4 G) spectrum of mobile phone waves. The energy absorption by the 4 G spectrum is lower
than 5 G spectrum due to the range of frequency of waves. The effects on the pancreas, retina, skin, intestine,
spleen, stomach and uterus are more than low water content organs like nails, bone, teeth etc.

Open access paper: https://www.sciencedirect.com/science/article/pii/S241464472300091X

Systematic review on the physiological and health-related effects of 5G-relevant radiofrequency fields (3-4
GHz and 20-30 GHz) [protocol]

Bodewein L, Dechent D, Emonds T, Graefrath D, Krabbe J, Scheelhaase PJ, Schmid G, Schneeweiss P, Driessen S.
Systematic review on the physiological and health-related effects of 5G-relevant radiofrequency fields (3-4 GHz
and 20-30 GHz). PROSPERO 2022 CRD42022374434
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No abstract

Review question

The introduction of the latest mobile communications standard of the fifth generation (5G) is accompanied by
controversial discussions about potential health risks. According to the current state of knowledge, there is no
health risk for frequencies in the range of existing mobile communications applications (approx. 800 MHz—3
GHz) below the recommended international limits. However, higher frequencies up to the millimeter-wave
range are used for 5G (>3 GHz). For these frequencies, there are significantly fewer studies available on
physiological and health-related effects than for the mobile communications frequencies used in the past. In
addition, the higher the frequency, the more energy of the electromagnetic field is absorbed on the body
surface resulting in potentially different sites of effects.

The systematic review will provide a comprehensive analysis of the following PECOS (Population, Exposure,
Comparator, Outcome, Study design) question:

Are there any physiological or health-related effects (O) of exposure to 5G-relevant radiofrequency
electromagnetic fields (3—4 GHz and 20-30 GHz) (E) in humans and mammals (P) compared to no or lower
exposure level (C) in experimental and observational epidemiological studies (S)?

Excerpts

We will consider peer-reviewed journal articles that report primary data from experimental animal studies (EA)
and human controlled trials (HCT) (single-blind or double-blind) as well as observational cohort (Co), case-
control (CaCo), and cross-sectional (CrSe) studies....

Studies will be included if they investigate exposures to radiofrequency electromagnetic fields in the frequency
range 3—4 GHz and 20-30 GHz. In case the body of eligible studies after study selection does not prove to be
sufficient for a sensible analysis, the frequency range will be expanded to 3—30 GHz. Studies will be included that
report at least one of the following descriptors of exposure...

The conditions of interest in relation to 5G-relevant radiofrequency electromagnetic fields exposure for this
systematic review will be all health-related endpoints, behavior, and other physiological endpoints....

Organisational affiliation of the review: Research Center for Bioelectromagnetic Interaction (femu) - Institute for
Occupational, Social and Environmental Medicine, Medical Faculty, RWTH Aachen University, Aachen, Germany

Anticipated or actual start date 21 November 2022
Anticipated completion date 31 January 2024

Funding sources/sponsors: This work is supported by the Ministry of Economic Affairs, Industry, Climate Action
and Energy of the State of North Rhine-Westphalia, Germany in the framework of the 5G.NRW-
Forderwettbewerb. The funder had no role in the protocol development.

Open access paper: https://www.crd.york.ac.uk/prospero/display record.php?Record|D=374434
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Can Electromagnetic Fields Modulate Inflammation and Cell Death by Acting on the Immune System?
(Review)

Lépez-Martin ME, Sueiro-Benavides RA, Leiro-Vidal JM, Rodriguez-Gonzalez JA, Ares-Pena FJ. Can
Electromagnetic Fields Modulate Inflammation and Cell Death by Acting on the Immune System? IEEE Access,
vol. 11, pp. 92167-92187, 2023, doi: 10.1109/ACCESS.2023.3308225.

Abstract

Programmed cell death constitutes a fundamental part of the immune response to viral infection. This process
forms part of the host defence mechanism and also enables establishment of biomarkers of disease severity.
Natural or anthropogenic sources of microwaves emit energy and may alter the ecology of the SAR-CoV-2 virus
(which causes COVID-19 disease) in the environment. Determining the associated effects on the immune system
and on the health of hosts with COVID-19 disease is thus important. In this review paper, we consider studies
analyzing the influence of electromagnetic fields on innate and acquired immune responses in humans, and
above all on preclinical experimental animal models and in vitro models, and we also consider studies analyzing
immunity acquired from COVID-19 infections associated with cell death. We focus on the effects of
electromagnetic fields and the influence of oxidative stress on stimulation or immunomodulation, the
inflammatory response, autoimmunity and the participation of intracellular calcium channels in the immunology
of COVID-19 disease. Non-ionizing radiation can activate or reduce the inflammatory response, oxidative stress
and the entry of intracellular calcium and can facilitate or reduce cell death. The review of experimental study
findings indicates that exposure to non-ionizing radiation can also have a bidirectional effect on the immune
system, either slowing down or enhancing the processes that lead to the cell death associated with COVID-19
disease.

VIII. Conclusion

This review highlights the large number of studies involving different EMF parameters and experimental
conditions, which hamper direct comparison of the findings. It is therefore difficult to reach conclusions
regarding the impact of non-ionizing radiation sources on COVID-19 disease. Nonetheless, we conclude the
following:

1. All models used to study the interaction between electromagnetic radiation and the immune system of
mammals (in or in vitro) show that non-ionizing radiation can activate or reduce the inflammatory response,
oxidative stress and can have positive or negative manifestations in COVID-19 disease, depending on the
radiation frequency, intensity or modulation and the exposure time.

2. Intracellular calcium entry can also be modulated by beneficial or adverse effects of EMF on inflammation
and/or cell death [170]. Both sides of the coin [179] must also be taken into account in regard to progression
to severe COVID-19 disease (Figure 1).
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3. The COVID-19 pandemic has generated great advances in the study of the pathophysiology of viral diseases.
However, further research regarding the influence of natural or artificial sources of EMFs on communicable viral
diseases is required as this could have important implications for human health.

4. In light of the data reviewed, future research should be directed towards validating experimental models that
demonstrate the direct or indirect biological effects of non-ionizing radiation on host immunity in relation

to COVID-19 infection. Scientific findings could be applied to limit the environmental risks that act together with
viral infections as well as assess new therapeutic tools.

https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=102291428&isnumber=10005208

The effects of radiofrequency electromagnetic fields exposure on tinnitus, migraine and non-specific
symptoms in the general and working population: a systematic review and meta-analysis on human
observational studies

Ro6sli M, Dongus S, Jalilian H, Eyers J, Esu E, Oringanje CM, Meremikwu M, Bosch-Capblanch X. The effects of
radiofrequency electromagnetic fields exposure on tinnitus, migraine and non-specific symptoms in the general
and working population: a systematic review and meta-analysis on human observational studies. Environment
International, 2023. doi:10.1016/j.envint.2023.108338.

Highlights

e There is public concern about the potential health effects of exposure to EMF.

e There is no updated synthesis of research evidence produced in experimental studies.

e We are considering the effects on symptoms.

e This evidence, together with evidence from other research syntheses, will inform future World Health
Organization recommendations.

Abstract

Background Applications emitting radiofrequency electromagnetic fields (RF-EMF; 100 kHz to 300 GHz) are
widely used for communication (e.g. mobile phones), in medicine (diathermy) and in industry (RF heaters).

Objectives The objective is to systematically review the effects of longer-term or repeated local and whole
human body radiofrequency electromagnetic field (RF-EMF) exposure on the occurrence of symptoms. Primary
hypotheses were tinnitus, migraine and headaches in relation to RF-EMF exposure of the brain, sleep
disturbances and composite symptom scores in relation to whole-body RF-EMF exposure.

Methods

Eligibility criteria: We included case-control and prospective cohort studies in the general population or workers
estimating local or whole-body RF-EMF exposure for at least one week.
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Information sources: We conducted a systematic literature search in various databases including Web of Science
and Medline.

Risk of bias: We used the Risk of Bias (RoB) tool developed by OHAT adapted to the topic of this review.

Synthesis of results: We synthesized studies using random effects meta-analysis.

Results

Included studies: We included 13 papers from eight distinct cohort and one case-control studies with a total of
486,558 participants conducted exclusively in Europe. Tinnitus is addressed in three papers, migraine in one,
headaches in six, sleep disturbances in five, and composite symptom scores in five papers. Only one study
addressed occupational exposure.

Synthesis of results: For all five priority hypotheses, available research suggests that RF-EMF exposure below
guideline values does not cause symptoms, but the evidence is very uncertain. The very low certainty evidence is
due [to] the low number of studies, possible risk of bias in some studies, inconsistencies, indirectness, and
imprecision. In terms of non-priority hypotheses numerous exposure-outcome combinations were addressed in
the 13 eligible papers without indication for an association related to a specific symptom or exposure source.

Discussion

Limitations of evidence: This review topic includes various challenges related to confounding control and
exposure assessment. Many of these aspects are inherently present and not easy to be solved in future
research. Since near-field exposure from wireless communication devices is related to lifestyle, a particular
challenge is to differentiate between potential biophysical effects and other potential effects from extensive use
of wireless communication devices such as sleep deprivation or lack of physical activity. Future research needs
novel and innovative methods to differentiate between these two hypothetical mechanisms.

Interpretation: This is currently the best available evidence to underpin safety of RF-EMF. There is no indication
that RF-EMF below guideline values causes symptoms. However, inherent limitations of the research results in
substantial uncertainty.

Other Funding: This review was partially funded by the WHO radioprotection programme.
Registration: The protocol for this review has been registered in Prospero (reg no CRD42021239432) and
published in Environment International 2021; https://doi.org/10.1016/j.envint.2021.106852.

Excerpts

Prevalence of IEI-EMF [idiopathic environmental intolerance attributed to EMF] was found to vary between
countries and years such as 1.5% in Sweden (Hillert et al. 2002), 3.2% in California (Levallois et al. 2002), 3.5% in
Austria (Schréttner and Leitgeb 2008) and in The Netherlands (Baliatsas et al. 2015), 5% in Switzerland (Schreier
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et al. 2006), about 10% in Germany (Blettner et al. 2009), 13% in Taiwan in 2007 (Meg Tseng et al. 2011) and 4%
in Taiwan five years later (Huang et al. 2018)....

Possible immediate effects of RF-EMF exposure on reporting of symptoms have been evaluated in various
experimental studies using a blinded, randomized design in a laboratory to apply well-controlled exposure
conditions (Schmiedchen et al. 2019). These studies on acute effects are reviewed in a separate paper (Bosch-
Capblanch et al. 2022)....

For the five primary symptoms, we performed a random-effects meta-analysis if at least two study results were
available, which were comparable in terms of exposure source. Only one eligible study on migraine was
available and thus no meta-analysis was conducted for this symptom....

Figure 1 depicts the study selection process. In the literature search 4458 papers were identified, complemented
with additional 21 papers identified from other sources (supplementary file 1). After removing duplicates and
screening title and abstracts 256 papers remained for full-text evaluation. There [Three] of 243 were excluded
for various reasons, which are shown in the table “excl after full text check” of supplementary file 1. The most
common reasons were that EMF exposure was not noted as an aim of the study (n=139), outcome did not fulfil
inclusion criteria (n=23) and cross-sectional study design (n=23). The papers which were solely excluded because
of the cross-sectional design are shown in table “cross-sectional as excl crit” in supplementary filel....

Table 1 gives an overview about the included studies. In total, 13 papers have fulfilled the inclusion criteria. One
study was conducted in workers (Elliott et al. 2019), one paper describes an analysis restricted to IEI-EMF people
(Roosli et al. 2010), one paper an analysis restricted to adult cases of multiple sclerosis (Harbo Poulsen et al.
2012) and the remaining papers dealt with adults (n=8) or adolescents (n=2) from the general population. All
papers except one case-control study on tinnitus (Hutter et al. 2010) were based on a prospective cohort design,
where the incidence of symptoms was evaluated in a population sample that was free of the corresponding
symptom at baseline. The sample size of the cohorts ranges from 425 adolescents (Schoeni et al. 2016) to
420,095 adults in a nationwide cohort study from Denmark (Schiiz et al. 2009)....

Overall, mostly absence of associations between various outcomes and RF-EMF exposure proxies were found
with substantial heterogeneity between studies suggesting that RF-EMF exposure below guideline values does
not cause tinnitus, migraine or any non-specific symptoms. Since the review topic includes various inherent
challenges related to confounding control and exposure assessment, the evidence was judged to be very
uncertain....

In this review, eight of nine studies were of a prospective cohort design, which is in general the most reliable
epidemiological study design. Nevertheless, the review shows that for this specific highly challenging question of
research substantial challenges related to exposure assessment, confounding control and reverse causality
remain. This is inherent to the topic because the main RF-EMF exposure source on population level, which is
wireless device usage, is related to many aspects [of] lifestyle and thus to various potential non-EMF protective
and risk factors such as sleep deprivation or lack of physical activity. In order to differentiate between
biophysical effects and other potential non-EMF effects in future research, a critical aspect would be to
prospectively quantify RF-EMF exposure from near field sources instead of only considering simple proxies like
self-reported usage. Future research should address concurrently both exposure sources, near and far field
sources. Only research, which uses novel and innovative methods to extract potential RF-EMF from other
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effects, and which is based on a distinct hypothesis about involved biological pathways relevant for symptom
development will help to further clarify open questions. As long as no better approaches will become available,
no better evidence will be generated....

The authors declare that they have no known competing financial interests or personal relationships that could
have appeared to influence the work reported in this paper. Martin R606sli’s research is entirely funded by public
or not-for-profit foundations. He has served as advisor to a number of national and international public advisory
and research steering groups concerning the potential health effects of exposure to nonionizing radiation,
including the World Health Organization, the International Agency for Research on Cancer, the International
Commission on Non-lonizing Radiation Protection, the Swiss Government (member of the working group
“mobile phone and radiation” and chair of the expert group BERENIS), the German Radiation Protection
Commission (member of the committee Non-ionizing Radiation (A6) and member of the working group 5G
(A630)) and the Independent Expert Group of the Swedish Radiation Safety Authority.

Open access paper: https://www.sciencedirect.com/science/article/pii/5S0160412023006116

Electromagnetic Fields: Insight into Sources, and Their Effects on Vital Organs and the Risk of Cancer

Khalat AM, Yahya RAM, Azab AE. Electromagnetic Fields: Insight into Sources, and Their Effects on Vital Organs
and the Risk of Cancer. SAR J Anat Physiol. doi: 10.36346/sarjap.2023.v04i03.001.

Abstract

Background: Electromagnetic radiation has become an extensive new pollution source in modern civilization.
Therefore, the biological effects of electromagnetic radiation have attracted considerable attention worldwide.

Objectives: The current review was aimed to highlight sources of electromagnetic fields and their effects on vital
organs and the risk of cancer. Electromagnetic sources can be classified into natural electromagnetic sources
(sun, some distant stars, atmospheric discharges like thunder, or human body) and unnatural or human made
sources (printers, vacuum cleaners, cellular phones, hair dryers, refrigerators, washing machines, kettles
microwaves, cables that carry electrical currents, television and computers, electrical home gadgets, radio and
television base stations, mobile phone base stations and phone equipment), home wiring airport, and
transformers. Electromagnetic fields (EMFs) are electromagnetic waves less than 300 GHz, that are divided into
extremely low frequencies (ELFs; 3—3,000 Hz), involving high-voltage transmission lines and in-house wiring; and
radiofrequencies (RFs; 30 kHz to 300 GHz), involving mobile phones, smart devices, base stations, WiFi, and 5G
technologies. Cell phone technology is an integral part of everyday life and its use is not only restricted to voice
conversations but also conveying news, high-resolution pictures, and the internet. Exposure to electromagnetic
fields might produce oxidative stress, sperm damage, DNA damage, changes in the chromatin conformation,
formation of micronucleus in different cell types, gene expression, enzyme activity, and changes in the structure
and function of cell membrane, stimulated an increase in apoptosis and biosynthesis of plasma metallothionein
and corticosterone. It causes headaches, chronic fatigue, heart problems, stress, nausea, chest pain,
gastrointestinal issues, pain in the muscles and joints, sweating, neurocognitive disturbances, eye burning, nose,
ear, and throat issues, bad effects on reproductive, central nervous, endocrine, cardiovascular, and immune
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systems. Also, it increases anxiety-related behavior; spatial memory, and learning deficits in male mice offspring,
decreased thermal pain perception, induced a sleep disturbance, latency, and day dysfunction especially in
females, a change in memory performance, damage to the lens epithelial cells of rabbits after 8 hours of
exposure to microwave radiation, produced lens opacity in rats, which is linked to the production of cataracts,
and derangement of chicken embryo retinal differentiation. There are a relationship between exposure to
electromagnetic fields and the increased incidence of the occurrence of some tumors types, particularly brain
cancer and leukemia. EMFs induce damage of tissues by increasing free radicals and changing the antioxidant
defense systems of tissues, eventually leading to oxidative stress which leads to behavioral, histopathological
and biochemical alterations. Exposure to radar, which uses RF fields above 6 GHz similar to 5 G causes effects on
production of cancer at different sites, and other diseases. The possible mechanism proposed of how EMFs lead
to cancer is the impact of EMFs on free radical combination rates in certain enzymes, such as coenzyme B12-
dependent ethanolamine ammonia lyase. The enzyme reaction rate may be amplified by a factor of up to 100. A
case-control studies found an increased risk of gliomas, acoustic neuromas, and temporal lobe tumours in users
with highest self-reported cell phone use. Exposure of experimental animals to microwave radiation caused a
decrease in learning and memory ability, abnormal hippocampal morphology and abnormal
Electroencephalogram. Also, it could lead to a decrease in norepinephrine and epinephrine contents in the
brain, leading to neurotransmitter production disorders.

Conclusion: It can be concluded that electromagnetic sources classified into natural electromagnetic and human
made sources. EMFs) are electromagnetic waves less than 300 GHz are divided into extremely low frequencies
and radiofrequencies. Exposure to electromagnetic fields might produce oxidative stress, which leads to
histopathological and biochemical alterations in different body organs and increased risk of gliomas, acoustic
neuromas, and temporal lobe tumours in users with highest self-reported cell phone use. Further studies are
needed to confirm these effects in human and experimental animals

Open access paper: https://sarpublication.com/media/articles/SARJAP_43 20-32.pdf

Biological effects of electromagnetic fields on insects: a systematic review and meta-analysis

Thill A, Cammaerts MC, Balmori A. Biological effects of electromagnetic fields on insects: a systematic review
and meta-analysis. Rev Environ Health. 2023 Nov 23. doi: 10.1515/reveh-2023-0072.

Abstract

Worldwide, insects are declining at an alarming rate. Among other causes, the use of pesticides and modern
agricultural practices play a major role in this. Cumulative effects of multiple low-dose toxins and the
distribution of toxicants in nature have only started to be investigated in a methodical way. Existing research
indicates another factor of anthropogenic origin that could have subtle harmful effects: the increasingly
frequent use of electromagnetic fields (EMF) from man-made technologies. This systematic review summarizes
the results of studies investigating the toxicity of electromagnetic fields in insects. The main objective of this
review is to weigh the evidence regarding detrimental effects on insects from the increasing technological
infrastructure, with a particular focus on power lines and the cellular network. The next generation of mobile
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communication technologies, 5G, is being deployed - without having been tested in respect of potential toxic
effects. With humanity's quest for pervasiveness of technology, even modest effects of electromagnetic fields
on organisms could eventually reach a saturation level that can no longer be ignored. An overview of reported
effects and biological mechanisms of exposure to electromagnetic fields, which addresses new findings in cell
biology, is included. Biological effects of non-thermal EMF on insects are clearly proven in the laboratory, but
only partly in the field, thus the wider ecological implications are still unknown. There is a need for more field
studies, but extrapolating from the laboratory, as is common practice in ecotoxicology, already warrants
increasing the threat level of environmental EMF impact on insects.

Excerpt

Looking back at the history of science, it seems that adverse effects have frequently been reported early on, but
mostly been ignored — e.g. in the cases of asbestos, lead and cigarettes. It has typically taken decades to
understand the mechanisms of toxicity and for the official position to shift. The European Environment Agency
EEA has produced several reports on this topic under the title “Late lessons from early warnings” [146, 147].

Thirty-six of the fifty-five HF-EMF studies reported in this review used field strengths lower than 6 V/m

(~100 mW/m2), and 31 of these 36 studies (86 %) nevertheless found statistically significant adverse effects,
starting at about 2 V/m and peaking around 6 V/m. This is below the regulatory thresholds established by the
International Commission on Non-lonizing Radiation Protection (ICNIRP) (41 V/m, or 61 V/m above 2 GHz), and
even below the particularly stringent installation limits only found in a handful of countries [94]. (The installation
limit is measured where people can stay for long periods of time, i.e. homes, schools, working places and
playgrounds for kids.)

Panagopoulos et al. detected a bioactive window at a distance of 20—-30 cm from GSM mobile phones, where
the power density equaled 100 mMW/m2 (~6 V/m), and where toxic effects in Drosophila are already observed
after a 1-min exposure. These results have been replicated several times [148], [149], [150]. If this is generally
true for insects, the limit for toxic effects would be 100 times below the current ICNIRP limit (10 W/m2 or

61 V/m), which protects only against thermal effects (in humans), and possibly 1,000 times lower than current
limits for chronic exposure, i.e. 10 mW/m2 or 2 V/m (all comparisons based on power densities, i.e. energy per
surface area units) [94]. A recent study found significant effects on gene transcription and chromosomal
abnormalities using a WiFi signal at 4.8 mW/m2 or 1.35 V/m in Drosophila exposed for 9 days [145]. These
findings of biological effects in insects starting at around 2 V/m imply that existing standards would have to be
revised and made more stringent, to include nature protection/wild-life concerns.

Current ambient power densities are generally still below 10 or 100 mW/m2 (i.e. 2 or 6 V/m). A recent study
measured values of 0.17-0.53 V/m in the field (0.1-0.8 mW/m2) [101]. Values mainly in the range of 0.5-1 V/m
were found around schools in Crete [151]. Nationwide measurements of the National Observatory of
electromagnetic fields (NOEF) in Greece found average values higher than 1 V/m in 55 % of sites, and values
greater than 2 V/m in 20 % of measurement sites [152]. A recent review lists power densities ranging from

0.23 V/m in Swiss residential areas to 1.85 V/m in an Australian university neighborhood [86]. In urban hot spots
(UK), a maximum of 150 mW/m2 (7.5 V/m) and an average of 25 mW/m2 (3.3 V/m) were measured (including
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WiFi) [153]. The French “Agence nationale des fréquences” (ANFR) found an average of 1.17 V/m at 1,300 5G
base stations, and the authors expect a 20 % increase in the next years [154]. In Belgium, Italy, Switzerland,
Russia and China, the installation limit is 6 V/m (100 mW/m2) for mobile telephony base stations, whereas
Germany, the UK, the USA and many other countries adhere to the much higher ICNIRP limits [94, 155]. The
ICNIRP limits have recently been questioned, since they are based on findings from more than 20 years ago, and
their assumptions have been proven false [156]. Furthermore, the ICNIRP limits are designed to protect humans
and have not been tested as to their adequacy in protecting wildlife and insects [157].

Open access paper: https://www.degruyter.com/document/doi/10.1515/reveh-2023-0072/html|

Addressing Wildlife Exposure to Radiofrequency Electromagnetic Fields: Time for Action

Froidevaux JSP, Virto LR, Czerwinski M, Thielens A, Park KJ. Addressing Wildlife Exposure to Radiofrequency
Electromagnetic Fields: Time for Action. Environmental Science & Technology Letter. 2023. doi:
10.1021/acs.estlett.3c00795.

Abstract

With the rapid global expansion of mobile communication networks and the introduction of new
radiofrequencies, especially above 6 GHz with the emergence of 5G/6G technology, there is an urgent
requirement to investigate and tackle the possible effects of radiofrequency electromagnetic field emissions on
wildlife. Here, we highlight (i) the pressing need for robust research on this topic, (ii) the inadequacy of existing
guidelines from the International Commission for Non-lonizing Radiation Protection, which solely address
human health, and (iii) the lack of attention given to wildlife exposure to radiofrequency electromagnetic field
levels when creating and/or restoring wildlife habitats and deploying new radiofrequency electromagnetic field
sources. We call for a common worldwide agenda that would prioritize research on wildlife exposure to
radiofrequency electromagnetic fields and for an independent international organization to address this issue.
Finally, we provide key recommendations aimed at reducing wildlife exposure to radiofrequency
electromagnetic fields while awaiting further evidence.

Excerpt

Pending further evidence, we strongly recommend the implementation of complementary measures aimed at
reducing wildlife exposure to RF-EMF, particularly for species of major conservation concern. First, we advocate
for strategic spatial planning by aiming the emissions from mobile phone masts away from areas of wildlife
conservation significance, such as optimal foraging and nesting sites. Second, emission limitation strategies
should be employed, particularly for mobile phone masts that create exposure in these sensitive areas. Third,
technical adjustments such as optimizing antenna orientation and installation height and implementing
shielding, discouraging, or obstruction mechanisms could further contribute to reducing wildlife exposure to RF-
EMF, albeit their effectiveness should first be tested. These measures should ideally be accompanied by a
systematic monitoring of wildlife exposure to RF-EMF. Lastly, we suggest integrating an adaptive management
approach into these strategies. This approach is adequate to address the uncertainties associated with RF-EMF
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effects on wildlife by systematically bolstering pertinent knowledge and mitigating risks linked to exposure. This
would enable a future in which wireless technologies and wildlife can both flourish.

Open access paper: https://pubs.acs.org/doi/10.1021/acs.estlett.3c00795

Hearing loss and vestibular schwannoma: new insights into Schwann cells implication

Mohamed, T., Melfi, V., Colciago, A. et al. Hearing loss and vestibular schwannoma: new insights into Schwann
cells implication. Cell Death Dis 14, 629 (2023). doi: 10.1038/s41419-023-06141-z.

Abstract

Hearing loss (HL) is the most common and heterogeneous disorder of the sensory system, with a large morbidity
in the worldwide population. Among cells of the acoustic nerve (VIIl cranial nerve), in the cochlea are present
the hair cells, the spiral ganglion neurons, the glia-like supporting cells, and the Schwann cells (SCs), which
alterations have been considered cause of HL. Notably, a benign SC-derived tumor of the acoustic nerve, named
vestibular schwannoma (VS), has been indicated as cause of HL. Importantly, SCs are the main glial cells
ensheathing axons and forming myelin in the peripheral nerves. Following an injury, the SCs reprogram,
expressing some stemness features. Despite the mechanisms and factors controlling their biological processes
(i.e., proliferation, migration, differentiation, and myelination) have been largely unveiled, their role in VS and
HL was poorly investigated. In this review, we enlighten some of the mechanisms at the base of SCs
transformation, VS development, and progression, likely leading to HL, and we pose great attention on the
environmental factors that, in principle, could contribute to HL onset or progression. Combining the
biomolecular bench-side approach to the clinical bedside practice may be helpful for the diagnosis, prediction,
and therapeutic approach in otology.

Excerpt

In addition, a number of other environmental factors, including the exposure to electric or electromagnetic
fields (EMFs) emitted by electronic devices (e.g., domestic appliances, notebooks or mobile phones), has been
also suspected as potential risk factor for human health [122, 123], likely including VS onset and growth (see Fig.
Fig.4).4). In the last decades, scientific studies, empirical observations, and patient reports clearly indicate
interactions between EMFs exposure and health problems although in the same time the general susceptibility
to environmental factors, like EMFs, has been frequently neglected [122]. This claim correlated to the strong
development of new technologies, such as the rapid increase in mobile phone use, which, indeed, has raised
some safety concerns in terms of tumor incidence for the worldwide population. Epidemiological studies
performed in human cohorts, like case-control and case-case analysis, showed a consistent association between
tumors and mobile phone use, with a greater correlation to tumor growth rather than to incidence [123-126].
There was also rising evidence that long-term exposure to certain EMFs could be a risk factor for some diseases,
like Alzheimer's disease, amyotrophic lateral sclerosis and male infertility [122, 127]. However, this sensitive
issue needs extensive future investigations to reach consensus on the cause-effect correlation. Presently, most
of the data are epidemiologic and poorly supported by in vivo/in vitro experiments. The few in vivo outcomes
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from the scientific literature, indeed, are controversial, given the difficulty to compare experimental protocols
(e.g., humans vs. rodents or EMF intensity vs. frequency, exposure time, etc.). The international scientific
community has been proposing the more prudent hypothesis of “electromagnetic sensitivity” state, to indicate
occasional symptoms in humans, including headaches, concentration difficulties, sleep problems, depression
and fatigue due to EMFs exposure [128].

Open access paper: https://www.nature.com/articles/s41419-023-06141-z

Influence of radiofrequency electromagnetic fields exposure on sleep patterns in preterm neonates

Besset D, Selmaoui B, Delanaud S, Bessarion L, Chardon K, de Seze R, Leke A, Stéphan-Blanchard E. Influence of
radiofrequency electromagnetic fields exposure on sleep patterns in preterm neonates. Int J Radiat Biol. 2023
Nov 16:1-6. doi: 10.1080/09553002.2023.2277365.

Abstract

Purpose: The study objective was to assess the influence of radiofrequency electromagnetic fields (RF-EMF)
exposure on sleep patterns in preterm newborns. We hypothesized that an increase in RF-EMF exposure levels
would alter infants' sleep structure parameters.

Materials and methods: Individual, continuous measurements of RF-EMF levels were performed in 29
hospitalized preterm newborns throughout the first 21 days after birth. The last day, overnight sleep structure
was recorded by polysomnography. Relationships between both chronic (three-week period) and acute
(polysomnographic period) RF-EMF levels with sleep parameters were computed.

Results: At median levels, the main chronic effect was an increase in indeterminate sleep with RF-EMF exposure.
At the highest exposure levels found in our study, an increase in RF-EMF levels increased sleep fragmentation.
No significant relationship was found between acute RF-EMF levels and sleep parameters.

Conclusions: Despite no consolidated disruption in sleep structure, this study is the first to show that some sleep
parameters seem to have a certain sensitivity to chronic - but not acute - RF-EMF exposure in preterm
newborns. Further studies are needed to confirm our results and examine possible mid- to long-term, sleep-
related cardiorespiratory and neurodevelopmental outcomes.

https://pubmed.ncbi.nlm.nih.gov/37972294/

Reduced Subjective Sleep Quality in People Rating Themselves as Electro-hypersensitive: An Observational
Study

Eicher C, Marty B, Achermann P, Huber R, Landolt H-P. Reduced Subjective Sleep Quality in People Rating
Themselves as Electro-hypersensitive: An Observational Study. Sleep Medicine,
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Abstract

Background Disturbed sleep is among the most frequent health complaints of people exposed to radio
frequency electromagnetic fields (RF-EMF) used in mobile telecommunication, particularly in individuals who
consider themselves as EMF hypersensitive (EHS). We aimed at investigating whether the EHS status per se is
associated with sleep complaints. Because allelic variants of the gene encoding the L-type, voltage-gated calcium
channel Cav1.2 (CACNA1C) were previously associated with sleep complaints reminiscent of those reported by
EHS individuals, we also explored whether self-rated EHS status and sleep quality associate with these gene
variants.

Methods A total of 2'040 participants (1’381 females) aged 18—30 years completed online, validated
guestionnaires on EMF sensitivity, subjective sleep quality, daytime sleepiness, mentation during sleep, and
diurnal preference. They also provided a saliva sample for genotyping three functional variants of CACNA1C
(rs7304986, rs16929277 and rs2302729). Eligible participants endorsing the question “Are you electro-
hypersensitive?” were considered as “EHS” (n = 105), those denying this question yet believing to develop
detrimental health symptoms due to prevailing electromagnetic pollution as “attributers” (n = 254), and the
remaining participants as “non-EHS” (n = 1'406). We combined the EHS and attributers into one group for binary
analyses. In exploratory analyses, we then tested possible associations between EMF sensitivity, subjective sleep
variables and CACNA1C variants using linear and logistic regression. We used age, sex, level of education,
presence of sleep disorders and habitual mobile phone use as covariates and corrected with Benjamini-
Hochberg False Discovery Rate for multiple comparisons.

Results The EHS/attributers consistently reported prolonged sleep latency, reduced sleep quality, higher
sleepiness and more nocturnal mentation when compared to non-EHS. Habitual mobile phone use was not
associated with self-rated sleep latency and sleep quality scores. While the T-allele of variant rs2302729 of
CACNA1C was associated with both, self-reported EMF sensitivity and reduced subjective sleep quality, we
found no evidence for the hypothesis that EHS mediates impaired sleep quality via this allelic variant.

Conclusions Irrespective of reported RF-EMF exposure, self-rated EHS/attributers rated subjective sleep quality
worse than non-EHS individuals.

Trial registration Swiss National Clinical Trials Portal (SNCTP000002285) and ClinicalTrials.gov (NCT03074617)

https://www.sciencedirect.com/science/article/pii/51389945723004471

Effects of mobile phone electromagnetic fields on brain waves in healthy volunteers

van der Meer JN, Eisma YB, Meester R, Jacobs M, Nederveen AJ. Effects of mobile phone electromagnetic fields
on brain waves in healthy volunteers. Sci Rep 13, 21758 (2023). doi: 10.1038/s41598-023-48561-z.
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Abstract

The interaction between biological tissue and electromagnetic fields (EMF) is a topic of increasing interest due to
the rising prevalence of background EMF in the past decades. Previous studies have attempted to measure the
effects of EMF on brainwaves using EEG recordings, but are typically hampered by experimental and
environmental factors. In this study, we present a framework for measuring the impact of EMF on EEG while
controlling for these factors. A Bayesian statistical approach is employed to provide robust statistical evidence of
the observed EMF effects. This study included 32 healthy participants in a double-blinded crossover
counterbalanced design. EEG recordings were taken from 63 electrodes across 6 brain regions. Participants
underwent a measurement protocol comprising two 18-min sessions with alternating blocks of eyes open (EO)
and eyes closed (EC) conditions. Group 1 (n = 16) had EMF during the first session and sham during the second
session; group 2 (n = 16) had the opposite. Power spectral density plots were generated for all sessions and

brain regions. The Bayesian analysis provided statistical evidence for the presence of an EMF effect in the alpha
band power density in the EO condition. This measurement protocol holds potential for future research on the
impact of novel transmission protocols.

Excerpt

In conclusion, our study provides compelling statistical evidence for the occurrence of increased alpha activity
during EMF exposure. By carefully addressing confounding variables that posed challenges in earlier studies, we
have effectively demonstrated that the observed effect is highly improbable to be an artefact. Moving forward,
our research protocol holds promise for investigating the impact of other transmission protocols, such as 5G and
6G, as well as enabling a more comprehensive examination of dose—effect relationships

Open access paper: https://www.nature.com/articles/s41598-023-48561-z

4G based SAR analysis for anatomically based human head model using mobile phone antenna

Sonawane A, Bormane D. (2023). 4G based SAR analysis for anatomically based human head model using mobile
phone antenna. Multidisciplinary Science Journal, 6(4), 2024053. doi: 10.31893/multiscience.2024053.

Abstract

Mobile phone handsets utilized by individuals of all ages been heavily grows popular as a wireless
communication device. Every mobile phone produces electromagnetic radiation at radio frequencies (RF). The
specific absorption rate is used to calculate how much of this energy is absorbed by the human skull. Standard
guidelines state that sold phones must fall below a specified SAR. This paper aims to evaluate the Specific
Absorption Rate (SAR) and E-field strength for mobile phone radiation exposure on a head model who is 40
years old and a 5-year-old child. The human skull is represented in this model as a six-layered sphere made up of
the brain, CSF, dura, bone, fat, and skin. Various layers of the head's SAR distribution have been measured as an
impact of radiation from mobile phones exposure using the 1800 MHz frequency. Earlier research were used to
consider the dielectric properties of tissue layers. The human head and mobile phone antenna is modelled in
this research using ANSYS HFSS. A hand-held mobile phone's dipole antenna type is considered for RF exposure.

49


https://www.nature.com/articles/s41598-023-48561-z

It is seen how EM absorption in various tissue layers for both adults as well as child head. SAR comparisons
between the adult and child head reveal that the child head absorbs greater power due to the distinctive
layerwise head shape, conductivity, permittivity, and permeability of the two head models. Excess EM
absorption may have negative physiologic implications for human health specifically impact on child physical and
mental health.

Excerpt

Due to variations in the pinna's thickness and the cranial bone's thickness, head geometry, conductivity,
permittivity and permeability layerwise, the local SAR has been estimated in both scenarios and indicates higher
SAR in a child's head than an adult's head. Depending on whether the thickness of the cranium and surrounding
tissues genuinely changes with age, a higher SAR in the brains of children can be anticipated. Additionally, the
SAR value measured for both adult and child heads surpasses the normal SAR maximum value set by
organizations such as IEEE, ICNIRP, and FCC (Means and Chan 2001; Sonawane and Bormane 2022). According to
previous research, using a cellular phone increases the chance of developing brain cancer. That is an ongoing
issue. The incidence of glioblastoma, the worst form of brain cancer, has risen in various countries, such as the
United States and Denmark (Gabriel and Peyman 2018). In Australia, the frequency of brain cancer has risen
recently. These findings are based on data from each nation's cancer registries about brain cancer incidence.

In this study, the strength of e-field absorption in the human head decreases with an increase in the gap
between the EM radiator and the head. Therefore, keeping a safe distance from a mobile device could reduce
the risk of an unwell effect on the human body/head. If the highest SAR is at or below the 1.6 W/kg exposure
level in the United States, the phone is approved for sale without consideration of the SAM certification
process's 30% tolerance. However, our research found a larger value than the stipulated limit. Therefore, the
safety limitations on SAR for RF exposure must be carefully evaluated for compliance with any wireless devices
that may be worn on the body or carried in the hand. The appropriate standards must be changed to account for
the effects of electromagnetic field coupling with layered brain tissue. The SAR evaluation results for the two
head models may suggest that further standard SAR values should be sought.

Open access paper: https://malque.pub/ojs/index.php/msij/article/view/1288

An Exposimetric Electromagnetic Comparison of Mobile Phone Emissions: 5G versus 4G Signals Analyses by
Means of Statistics and Convolutional Neural Networks Classification

Miclaus S, Deaconescu DB, Vatamanu D, Buda AM. An Exposimetric Electromagnetic Comparison of Mobile
Phone Emissions: 5G versus 4G Signals Analyses by Means of Statistics and Convolutional Neural Networks
Classification. Technologies. 2023; 11(5):113. https://doi.org/10.3390/technologies11050113

Abstract

To gain a deeper understanding of the hotly contested topic of the non-thermal biological effects of
microwaves, new metrics and methodologies need to be adopted. The direction proposed in the current work,
which includes peak exposure analysis and not just time-averaged analysis, aligns well with this objective. The
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proposed methodology is not intended to facilitate a comparison of the general characteristics between 4G and
5G mobile communication signals. Instead, its purpose is to provide a means for analyzing specific real-life
exposure conditions that may vary based on multiple parameters. A differentiation based on amplitude-time
features of the 4G versus 5G signals is followed, with the aim of describing the peculiarities of a user’s exposure
when he runs four types of mobile applications on his mobile phone on either of the two mobile networks. To
achieve the goals, we used signal and spectrum analyzers with adequate real-time analysis bandwidths and
statistical descriptions provided by the amplitude probability density (APD) function, the complementary
cumulative distribution function (CCDF), channel power measurements, and recorded spectrogram databases.
We compared the exposimetric descriptors of emissions specific to file download, file upload, Internet video
streaming, and video call usage in both 4G and 5G networks based on the specific modulation and coding
schemes. The highest and lowest electric field strengths measured in the air at a 10 cm distance from the phone
during emissions are indicated. The power distribution functions with the highest prevalence are highlighted and
commented on. Afterwards, the capability of a convolutional neural network that belongs to the family of single-
shot detectors is proven to recognize and classify the emissions with a very high degree of accuracy, enabling
traceability of the dynamics of human exposure.

Conclusions

In this present work, we aim to quantify the time variability of emissions in the proximity of a mobile phone
connected to either a 4G or a 5G-FR1 network when using four different mobile applications. The central
objective was to provide knowledge on human exposure dynamics that completes the dosimetric studies
necessary to describe the potential biological effects.

The main contribution of this study to current knowledge belongs to the topics of the effects of EMF exposure
on humans that are not limited to induced heating, while non-thermal effects remain subjects of debate and
investigation. To gain a deeper understanding of this aspect, new metrics and methodologies need to be
adopted. The direction proposed in this work, which includes peak exposure analysis and not just time-averaged
analysis, aligns well with this goal.

A supplementary benefit is the possibility to discern between exposure dynamics corresponding to one specific
mobile application based on the capability of a real-time detection algorithm to successfully classify the emission

type.

The proposed methodology is not intended to facilitate a comparison of the general characteristics between 4G
and 5G signals. Instead, its purpose is to provide a means for analyzing specific real-life exposure conditions that
may vary based on multiple parameters.

Synthetically, our results showed that:

e Electric field strengths in the air at 10 cm from the phone were higher for 5G-FR1 emissions than for 4G,
on average by 60%. None of the values exceeded human health and safety levels. The highest difference
between technologies corresponded to Internet video streaming emissions, where 5G field strength was
three times higher than 4G.
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e 4G and 5G-FR1 amplitude probability density distributions differ; 4G traces depend much more on the
type of mobile application used, while 5G traces are more similar one to another and more independent
of the mobile application. The same probability range of power level distribution was covered by a
larger window of power values in 5G than in 4G.

e Crest factors were higher for 5G-FR1 emissions than for 4G emissions; the highest difference (almost
double) evolved during file download applications, while the lowest difference was observed during
Internet video streaming.

e The prevalence of the highest power levels (superior tail emissions) appeared much more frequent for
5G-FR1 emissions than for 4G, and a difference of as much as 9.5 dB over mean power was encountered
in 5G versus 4G emissions.

e The recorded spectrograms emphasized peculiarities that have been excellently captured and valorized
by the YOLO v7 deep learning algorithm. Practically, excellent recognition and classification rates were
obtained for each technology and each category of mobile application with a minimum of training.

Overall, the contribution of the present approach consists in the provision of an exposimetric tool that
underlines the differences in amplitude-time profiling of a user’s exposure when running various applications on
the mobile phone in two different mobile communication technologies. Due to the limitations of the
methodology employed, the data presented cannot be considered to be of total generality. However, realistic
exposure and time-variability analysis need further investigation in varied situations.

Open access paper: https://www.mdpi.com/2227-7080/11/5/113

Radio-tracking systems emit pulsed waves that could affect the health and alter the orientation of animals

Balmori A. Radio-tracking systems emit pulsed waves that could affect the health and alter the orientation of
animals. Available online Nov 20, 2023. doi: 10.1016/].jnc.2023.126520.

Abstract

Any study carried out with a given technique must avoid causing harmful effects on the experimental subjects,
in order to avoid altering the survival rates of the animals or causing bias in the results of the study. Radio
tagging is undoubtedly a very useful technique, and in many cases is the only option available to obtain
information on the ecology and movements of wild animals, but unfortunately it has been used indiscriminately,
without regard to the problems it can cause. The most well-known of these are the effects from the weight of
the device and the harness, but there are others that have not yet been taken into account and that have not
been sufficiently studied, such as the non-thermal effects of modulated and/or pulsed electromagnetic fields on
the health and orientation of radio-tracked animals. This commentary provides a brief overview of the scientific
evidence on the effects of electromagnetic fields, and underlines the importance of carrying out relevant studies
in order to check for the possible effects of radio transmitters on animals.

https://www.sciencedirect.com/science/article/pii/51617138123001917
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Association Between the Use of Induction Heating Cookers and Delivery Outcomes in Pregnant Women: An
Internet-Based Cohort Study

Sato Y, Taki M, Kojimahara N. Association Between the Use of Induction Heating Cookers and Delivery Outcomes
in Pregnant Women: An Internet-Based Cohort Study. Environmental Health Insights. 2023;17.
doi:10.1177/11786302231211114.

Abstract

The number of devices that generate intermediate-frequency electromagnetic fields (IF-EMFs) in the living
environment has been increasing. As the public has vague concerns about new devices, it is necessary to clarify
the safety of IF-EMFs. Therefore, the present study aimed to examine the possible health effects of IF-EMFs by
clarifying the relationship between the use of induction heating (IH) cookers and delivery outcomes. The study
participants were pregnant women over the age of 20 years who were registered in panels with an Internet
research firm. A total of 8920 pregnant women participated in the baseline survey. Of those who responded to
the follow-up survey, 5022 who had a singleton birth were included in the analysis. We then examined the
relationship between the use of IH cookers and gestational week at delivery (<37th/>37th week) or birth weight
(<2500/>2500 g) using logistic regression models. No association was found between the use of IH cookers and
birth weight, but weak associations were found between the use of stationary- and tabletop-type IH cookers and
gestational week at delivery. After all considerations, we determined that the observed increased odds ratio did
not indicate an increased risk of premature birth.

Open access paper: https://journals.sagepub.com/doi/full/10.1177/11786302231211114

Exposure to 2.45 GHz Electromagnetic Radiation Induced Different Cell Responses in Neuron-like Cells and
Peripheral Blood Mononuclear Cells

Bertuccio MP, Acri G, lentile R, Caccamo D, Curro M. The Exposure to 2.45 GHz Electromagnetic Radiation
Induced Different Cell Responses in Neuron-like Cells and Peripheral Blood Mononuclear Cells. Biomedicines.
2023; 11(12):3129. https://doi.org/10.3390/biomedicines11123129.

Abstract

Electromagnetic radiation emitted by commonly used devices became an issue for public health because of their
harmful effects. Notably, 2.45 GHz electromagnetic radiation exposure has been associated with DNA damage
and alterations in the central nervous system. We here investigated the effects of 2.45 GHz electromagnetic
radiation on cell redox status by using human SH-SY5Y neuroblastoma cells, which were differentiated to
neuronal-like cells, and peripheral blood mononuclear cells (PBMCs), which were exposed to an antenna
emitting 2.45 GHz electromagnetic radiation for 2, 24, and 48 h. We evaluated cell viability and mitochondrial
activity alterations by measuring reactive oxygen species (ROS), mitochondrial transmembrane potential (AWm),
NAD+/NADH ratio, mitochondrial transcription factor A (mtTFA), and superoxide dismutase 1 (SOD1) gene
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transcript levels. We also investigated apoptosis and autophagy, evaluating B-cell lymphoma 2 (BCL2), BCL2-
associated X protein (BAX), and microtubule-associated protein 1A/1B-light chain 3 (LC3) gene transcript levels.
Cell viability was significantly reduced after 24-48 h of exposure to radiation. ROS levels significantly increased
in radiation-exposed cells, compared with controls at all exposure times. AWm values decreased after 2 and 24 h
in exposed SH-SY5Y cells, while in PBMCs, values decreased soon after 2 h of exposure. Alterations were also
found in the NAD+/NADH ratio, mtTFA, SOD1, LC3 gene expression, and BAX/BCL2 ratio. Our results showed that
neuron-like cells are more prone to developing oxidative stress than PBMCs after 2.45 GHz electromagnetic
radiation exposure, activating an early antioxidant defense response.

Conclusions

Taken together, the current research results showed that 2.45 GHz EMR emitted from commonly used devices is
capable of influencing both ROS production and mitochondrial imbalance, but it must be considered that these
effects may vary based on the experimental parameters. In fact, they may depend on the time of exposure to
electromagnetic fields and on the kind of cells used. Therefore, to protect individuals from the adverse effects of
EMR exposure on the antioxidant potential of our cells, the use of such devices should be limited. Further
investigations are necessary to better understand and confirm these observations, taking into account the
complexity of the immune network and increasing the radiation exposure time.

Open access paper: https://www.mdpi.com/2227-9059/11/12/3129#B27-biomedicines-11-03129

Indirect effects of interference of two emerging environmental contaminants on cell health: Radiofrequency
radiation and gold nanoparticles

Jooyan N, Mortazavi SMJ, Goliaei B, Faraji-Dana R. Indirect effects of interference of two emerging
environmental contaminants on cell health: Radiofrequency radiation and gold nanoparticles. Chemosphere.
2023. doi.org/10.1016/j.chemosphere.2023.140942.

Abstract

Background The global need for wireless technologies is growing rapidly. So, we have been exposed to a new
type of environmental pollution: radiofrequency radiation (RFR). Recent studies have shown that RFR can cause
not only direct effects but also indirect or non-targeted effects such as the bystander effect (BE). In this study,
we investigated the BE induced by RFR in the present of gold nanoparticles (GNP). Moreover, we studied the
expression of cyclooxygenase-2 (COX-2).

Methods Non-toxic dose of 15-nm GNP was used to treat the Chinese Hamster Ovary (CHO) cells. After 48 h of
incubation, cells were exposed to 900 MHz GSM RFR for 24 h. Then we collected the cell culture medium of
these cells (conditioned culture medium, CCM) and transferred it to new cells (bystander cells). Cell deaths, DNA
breaks, oxidative stress and COX-2 expression were analyzed in all groups.

Results The results showed that RFR increased metabolic death in cells treated with GNP. Inversely, the colony
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formation ability was reduced in bystander cells and RFR exposed cells either in the presence or absence of GNP.
Also, the level of reactive oxygen species (ROS) in GNP treated cells showed a significant reduction compared to
those of untreated cells. However, RFR-induced DNA breaks and the frequencies of micronuclei (MN) were not
significantly affected by GNP. The expression of COX-2 mRNA increased in RFR GNP treated cells, but the
difference was not significant.

Conclusion Our results for the first time indicated that RFR induce indirect effects in the presence of GNP.
However, the molecular mediators of these effects differ from those in the absence of GNP. Also, to our
knowledge, this is the first study to show that COX-2 is not involved in the bystander effect induced by 900 MHz
RFR.

https://www.sciencedirect.com/science/article/pii/S0045653523032125

A Review on the Effects of Thermal Inversions and Electromagnetic Fields on Cell Cultures and Wireless
Communications

Lépez-Alvarez C, Lépez-Martin ME, Rodriguez-Gonzélez JA, Ares-Pena FJ. A Review on the Effects of Thermal
Inversions and Electromagnetic Fields on Cell Cultures and Wireless Communications. Sensors. 2023;
23(23):9567. https://doi.org/10.3390/s23239567

Abstract

Thermal inversions, typical in the winter season, consist of cold air at the Earth’s surface being trapped under a
layer of warmer air. Such an effect keeps normal convective overturning of the atmosphere from penetrating
through. This phenomenon highly increases the toxicity of the atmosphere, while modifying its dielectric
constant, resulting in major implications in terms of public health and wireless communications. Indeed, air
pollution in large cities (related, in most cases, to particulate matter that consists of different chemical
components, which can have warming or cooling effects) is primarily caused by chemical and photochemical
reactions in the atmosphere. Appropriate usage of array antennas allows the effective tracking of changes in
humidity (e.g., coated Yagi-Uda antennas, which do not interfere with 5G) and in the dielectric constant (e.g.,
optimized quasi-Yagi-Uda antennas, yielding to accurate measurements of sulfides and black carbon
concentration). Remarkably, important health effects come from the combined action of electromagnetic fields
with fine and coarse black carbon particles. The appearance of ducts, which are caused by thermal inversions,
provokes the creation of super-refractive regions in the troposphere as well, which result in the anomalous
propagation of wireless communications.

Conclusions

Thermal inversions, typically associated with winter season, consist of cold air at the Earth’s surface being
trapped under a layer of warmer air. Such an effect keeps normal convective overturning of the atmosphere
from penetrating through. This phenomenon increases the toxicity of the atmosphere greatly, while modifying
its dielectric constant, resulting in major implications in terms of public health and wireless communications.
Indeed, air pollution in large cities (related, in most of the cases, to particulate matter that consists of different
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chemical components, which can have warming or cooling effects) is primarily caused by chemical and
photochemical reactions in the atmosphere. The appropriate usage of array antennas allows the effective
tracking of changes in humidity (e.g., coated Yagi-Uda antennas, which do not interfere with 5G) and in the
dielectric constant (e.g., optimized quasi-Yagi-Uda antennas, yielding to accurate measurements of sulfides and
black carbon concentration).

Remarkably, important health effects come from the combined action of electromagnetic fields with fine and
coarse black carbon particles. The appearance of ducts, which are caused by thermal inversions, provokes the
creation of super-refractive regions in the troposphere as well, which result in the anomalous propagation of
wireless communications. Previous studies showed that radiofrequency drastically increased the toxicity
induced by BC, involving a modification in the immune response of macrophages. This would increase the
inflammatory response, activating apoptosis and accelerating cell toxicity. As a result, there is still a need for in-
depth in vivo studies focused on the repercussions of such environmental agents on human hypersensitivity
reactions and autoimmune disorders.

Open access paper: https://www.mdpi.com/1424-8220/23/23/9567

Safety assessment of wireless chargers for electric vehicles considering thermal characteristics

Mou W, Lu M. Safety assessment of wireless chargers for electric vehicles considering thermal characteristics.
Radiat Prot Dosimetry. 2023. doi: 10.1093/rpd/ncad288.

Abstract

This study employs the transient finite element method and electromagnetic heat transfer theory to assess the
heating generated by high-power wireless chargers during electric vehicle charging. The analysis includes
simulating and analyzing the temperature distribution of two different types of shielding plates of the wireless
charger and the specific absorption rate (SAR) and head temperature rise of both adults and children in close
proximity to the charger. Simulation results show that the maximum temperature rise of the copper shielding
plate is 16°C lower than that of the aluminum shielding plate after charging for 1 h. This temperature increase
does not affect the chassis’ s equipment. Regarding human safety, the induced electric field strength and SAR
values in the child’s head tissue are higher than those in the adult, meeting the International Commission on
Non-lonizing Radiation Protection (ICNIRP) limits. When the initial temperature is set to 37°C, the temperature
rise in the heads of both adults and children is approximately equal after 1 h of charging, reaching a maximum
temperature rise of 0.21 and 0.23°C, respectively. These values remain below the thermal limit of ICNIRP (2°C
for Type 2 tissues). The findings indicate that the copper shielding plate can provide both electromagnetic
shielding and heat dissipation functions, and the electromagnetic exposure absorbed by the human body and
head temperature rise within safe ranges.

https://academic.oup.com/rpd/advance-article/doi/10.1093/rpd/ncad288/7456149
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Low-frequency electromagnetic fields influence the expression of calcium metabolism related proteins in
leukocytic cell lines

Wojcik-Piotrowicz K, Kaszuba-Zwoinska J, Piszczek P, Nowak B, Guzdek P, Gil K, Rokita E. Low-frequency
electromagnetic fields influence the expression of calcium metabolism related proteins in leukocytic cell lines.
Environ Toxicol Pharmacol. 2023 Nov 18:104320. doi: 10.1016/j.etap.2023.104320.

Abstract

Our study aimed to verify the hypothesis concerning low-frequency magnetic fields (LF-MFs)-related changes in
cell viability through the biomechanism(s) based on calcineurin (CaN)-mediated signaling pathways triggered via
ROS-like molecules. For experiments, Mono Mac 6 and U937 leukocytic cell lines were chosen and exposed to
various LF-MFs and/or puromycin (PMC). The protein expression level of key regulatory proteins of calcium
metabolism was examined by Western Blot analysis. In turn, the reactive oxygen species (ROS) and cell viability
parameters were evaluated by cytochrome C reduction assay and flow cytometry, respectively. The
simultaneous action of applied MF and PMC influenced cell viability in a MF-dependent manner. The changes in
cell viability were correlated with protein expression and ROS levels. It was verified experimentally that applied
stress stimuli influence cell susceptibility to undergo cell death. Moreover, the evoked bioeffects might be
recognized as specific to both types of leukocyte populations.

https://pubmed.ncbi.nlm.nih.gov/37984675/

Effects of Electromagnetic Radiation on Neuropeptide Transcript Levels in the Synganglion of Ixodes ricinus
[ticks]

Sofrankova L, Barias M, Pipova N, Majlath |, Kurimsky J, Cimbala R, Pavlik M, Mateos-Hernandez L, Simo L,
Majlathova V. Effects of Electromagnetic Radiation on Neuropeptide Transcript Levels in the Synganglion of
Ixodes ricinus. Pathogens. 2023; 12(12):1398. https://doi.org/10.3390/pathogens12121398

Abstract

Anthropogenic electromagnetic radiation is an important environmental factor affecting the functionality of
biological systems. Sensitivity to various frequencies of electromagnetic radiation has been detected in ixodid
ticks in the past. However, the physiological aspects of radiation effects have not yet been studied in ticks. In the
presented experiment, 360 Ixodes ricinus ticks, 180 males and 180 females, were divided into 16 irradiated and
8 control groups. The irradiated groups were exposed to two different intensities of electromagnetic radiation
with a frequency of 900 MHz at different lengths of exposure time. RT-PCR was utilized to determine the
changes in mRNA levels in tick synganglia after irradiation. Four randomly selected neuropeptide genes were
tested—allatotropin (at), FGLa-related allatostatins (fgla/ast), kinin, and arginine-vasopressin-like peptide (avpl).
A significant decrease in transcript levels in all female groups exposed to higher intensity radiofrequency
radiation for 1 to 3 h was found. After one hour of radiofrequency exposure, a significant downregulation in
allatotropin expression in males was detected. A consistent downregulation of the at gene was detected in
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males irradiated with at a higher intensity. Unfortunately, the specific functions of the studied neuropeptides in
ticks are not known yet, so a more comprehensive study is necessary to describe the effects of EMF on observed
neuropeptides. This study represents the first report on the effects of the abiotic environment on tick
neurophysiology.

Open access paper: https://www.mdpi.com/2076-0817/12/12/1398

The effects of extremely low-frequency magnetic field exposure on apoptosis, neurodegeneration and trace
element levels in the rat brain

Cakit M O, Koca G, Akbulut A, Erdem O, Cetinkaya S, Umurhan G, Aydinbelge-dizdar N, Esmekaya M, Yumusak N,
Canseven Kursun AG, Korkmaz M. The effects of extremely low-frequency magnetic field exposure on apoptosis,
neurodegeneration and trace element levels in the rat brain. Anatolian Curr Med J / ACMJ / acmj. 2023; 5(2):
102-110.

Abstract

Aim: The aim of this study was to investigate the effects of 1mT, 1.5 mT, and 2 mT extremely low-frequency
magnetic fields, which were within the limits for public environmental and occupational magnetic field exposure
guidelines, on apoptosis, neurodegeneration and trace elements in rat brain cells.

Material and Method: A total of 35 adult male Wistar rats were allocated into four main groups: Group 1 (n=8)
was healthy controls; Group 2 (n=9) was exposed to 1 mT extremely low-frequency magnetic field; Group 3
(n=9) was exposed to 1.5 mT extremely low-frequency magnetic field and Group 4 (n=9) was exposed to 2 mT
extremely low-frequency magnetic field. All the rats in the exposure groups were exposed to 50 Hz extremely
low-frequency magnetic field for 4 hours per day, 5 days per week for 30 days in the Helmholtz coils. After the
exposure, rats were sacrificed and rat brains were evaluated for histopathological and immunohistochemical
changes as well as about the trace element levels in the brain.

Results: Different levels of exposure to extremely low-frequency magnetic field doses caused increases in Ca
levels and increased apoptosis in the rat brain. As the applied extremely low-frequency magnetic field levels
increased, so did the apoptosis and Ca levels in the brain tissues.

Conclusion: Extremely low-frequency magnetic field exposure caused neurodegeneration in rat brain tissue,
increased apoptosis, and increased Ca concentration. These changes may cause various biological damage,
especially cancer in healthy tissues and measures should be taken to minimize extremely low-frequency
magnetic field exposure in daily life in terms of protecting public health.

Open access paper: https://dergipark.org.tr/en/pub/acmi/issue/76383/1245104

Spinning magnetic field patterns that cause oncolysis by oxidative stress in glioma cells
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Hambarde S, Manalo JM, Baskin DS, Sharpe MA, Helekar SA. Spinning magnetic field patterns that cause
oncolysis by oxidative stress in glioma cells. Sci Rep. 2023 Nov 7;13(1):19264. doi: 10.1038/s41598-023-46758-
w.

Abstract

Raising reactive oxygen species (ROS) levels in cancer cells to cause macromolecular damage and cell death is a
promising anticancer treatment strategy. Observations that electromagnetic fields (EMF) elevate intracellular
ROS and cause cancer cell death, have led us to develop a new portable wearable EMF device that generates
spinning oscillating magnetic fields (SOMF) to selectively kill cancer cells while sparing normal cells in vitro and
to shrink GBM tumors in vivo through a novel mechanism. Here, we characterized the precise configurations and
timings of sOMF stimulation that produce cytotoxicity due to a critical rise in superoxide in two types of human
glioma cells. We also found that the antioxidant Trolox reverses the cytotoxic effect of SOMF on glioma cells
indicating that ROS play a causal role in producing the effect. Our findings clarify the link between the physics of
magnetic stimulation and its mechanism of anticancer action, facilitating the development of a potential new
safe noninvasive device-based treatment for GBM and other gliomas.

Open access paper: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10630398/

Effects of low-level RF fields reveal complex pattern of magnetic input to the avian magnetic compass

Muheim R, Phillips JB. Effects of low-level RF fields reveal complex pattern of magnetic input to the avian
magnetic compass. Sci Rep. 2023 Nov 15;13(1):19970. doi: 10.1038/s41598-023-46547-5.

Abstract

The avian magnetic compass can be disrupted by weak narrow-band and broadband radio-frequency (RF) fields
in the lower MHz range. However, it is unclear whether disruption of the magnetic compass results from the
elimination of the perception pattern produced by the magnetic field or from qualitative changes that make the
pattern unrecognizable. We show that zebra finches trained in a 4-arm maze to orient relative to the magnetic
field are disoriented when tested in the presence of low-level (~ 10 nT) Larmor-frequency RF fields. However,
they are able to orient when tested in such RF fields if trained under this condition, indicating that the RF field
alters, but does not eliminate, the magnetic input. Larmor-frequency RF fields of higher intensities, with or
without harmonics, dramatically alter the magnetic compass response. In contrast, exposure to broadband RF
fields in training, in testing, or in both training and testing eliminates magnetic compass information. These
findings demonstrate that low-level RF fields at intensities found in many laboratory and field experiments may
have very different effects on the perception of the magnetic field in birds, depending on the type and intensity
of the RF field, and the birds' familiarity with the RF-generated pattern.

https://pubmed.ncbi.nlm.nih.gov/37968316/
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The biological effects of different LED wavelengths in the health field (review)

Carmello, J, Barbugli P, Jordao C, Oliveira R, Pavarina A (2023). The biological effects of different LED
wavelengths in the health field. A review. Revista de Odontologia da UNESP. 52. 10.1590/1807-2577.02823.

Introduction the use of light emitting diodes (LED) in domestic and public vias have increased in the last 20
years. In addition, the LED light has been used as a light source for medical applications. Objective since humans
are increasingly exposed to LEDs, there is an urgency to investigate the possible biological effects on tissues
caused by this exposure. So, researchers have been focused their investigations in the application of this light in
the health field. Material and method in this review, a search in important databases was performed on the
biological effects caused after application of different LED light protocols in in vitro and in vivo studies. Result
although most published papers have shown positive results, some of them reported negative biological effects
of light LEDs technology on humans’ cells/tissues. Conclusion therefore, the comprehension of the biological
effects caused by light LEDs will provide a better assessment of the risks involved using this technology.

Open access paper: https://www.scielo.br/j/rounesp/a/6PX7msngN4N34mxQQx5HHpQ/?lang=en

Mobile phone use and risks of overall and 25 site-specific cancers: a prospective study from the UK Biobank
Study

ZhangY, Zhang Y, Ye Z, Yang S, Liu M, Wu Q, Zhou C, He P, Gan X, Qin X. Mobile phone use and risks of overall
and 25 site-specific cancers: a prospective study from the UK Biobank Study. Cancer Epidemiol Biomarkers Prev
(2023). doi: 10.1158/1055-9965.EPI-23-0766/729762.

Abstract

Background: The association between mobile phone use and incident cancers remains uncertain. We aimed to
investigate the relationships of mobile phone use with incident overall and 25 site-specific cancers in men and
women.

Methods: 431,861 participants aged 38-73 years without prior cancers were included from the UK Biobank. Of
these, 46.7% were male. Participants who used a mobile phone at least once per week to make or receive calls
were defined as mobile phone users. The study outcomes were incident overall and 25 site-specific cancers.

Results: During a median follow-up of 10.7 years, 35,401 (17.5%) men and 30,865 (13.4%) women developed
overall cancer. Mobile phone use was significantly associated with higher risks of incident overall cancer (HR,
1.09; 95%Cl: 1.06-1.12), nonmelanoma skin cancer (NMSC) (HR, 1.08; 95%Cl: 1.03-1.14), urinary tract cancer
(HR, 1.18; 95%Cl:1.05-1.32) and prostate cancer (HR, 1.19; 95%Cl: 1.13-1.25) in men, and incident overall
cancer (HR, 1.03; 95%Cl: 1.00-1.06), NMSC (HR, 1.07; 95%Cl: 1.01-1.13), and vulva cancer (HR,1.74; 95%Cl: 1.00-
3.02) in women, but not with other cancers. Among mobile phone users, there was a dose-response relationship
of length of mobile phone use with incident NMSC in men and women, and prostate cancer in men (all P for
trend<0.05).
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Conclusions: There was a dose-response relationship of length of mobile phone use with incident NMSC in men
and women, and prostate cancer in men. Impact: Our findings underscore the importance of limiting mobile
phone use or keeping a distance from mobile phone for primary prevention of NMSC and prostate cancer.
Excerpts

Among mobile phone users, there was a significantly positive dose-response relationship of length of mobile
phone use (<1, 2-4, 5-8, and >8 years) with incident overall cancer in both men (P for trend <0.001) and women
(P for trend =0.025), incident NMSC in both men (P for trend <0.001) and women (P for trend =0.004), and
prostate cancer (P for trend <0.001) in men (Table 2), but not with urinary tract cancer in men and vulva cancer
in women (Table 2). There was only a slight difference in follow-up time among different groups of length of
mobile phone use (all differences < 0.5 year; Supplemental Table 9), so the groups classified by length of mobile
phone use based on baseline assessments should not have changed substantially during follow-up. In addition,
treating length of mobile phone use as a time-dependent variable did not significantly change the results
(Supplemental Table 10)....

Findings of the current study imply a possible causal relationship of mobile phone use with incident NMSC and
prostate cancer: (1) Dose-response relationship of anatomical distance: skin is the first organ to be exposed to
RF-EMF. When carrying a mobile phone on the belt or in a pants pocket, it is closer to the prostate. Previous
studies have shown that the distance of the source of RF-EMF from the tissue or organ is one of the
determinants of corresponding specific absorption rate 21, 22, and thus the relatively close distance of skin and
prostate with mobile phones may partly explain the observed increase risks of NMSC and prostate cancer; (2)
Temporal relationship: there was a significant association of mobile phone use at baseline with the risks of
NMSC and prostate cancer during the 10.7 years of follow-up; (3) Dose-response relationship of exposure time:
among mobile phone users, there was a significantly positive dose-response relationship of length of mobile
phone use with incident NMSC and prostate cancer. In addition, we found that length of mobile phone use,
rather than weekly usage of mobile phone, was associated with incident cancers, suggesting that long-term
exposure to RF-EMF might be more important in terms of the risk of incident cancers than short-term, high dose
exposure to RF-EMF from making or receiving calls. However, more studies are needed to further confirm our
results and elucidate the underlying biological mechanismes....

In conclusion, the current study found that there was a positive dose-response relationship between length of
mobile phone use and risk of incident NMSC in both men and women and prostate cancer in men. The potential
association of mobile phone use with the risk of urinary tract cancer in men and vulva cancer in women needs to
be further verified. If further confirmed, our findings underscore the importance of limiting mobile phone use or
keeping a distance from mobile phone for primary prevention of NMSC and prostate cancer in the general
population.

https://aacrjournals.org/cebp/article/doi/10.1158/1055-9965.EPI-23-0766/729762/Mobile-phone-use-and-
risks-of-overall-and-25-site

Association between self-reported mobile phone use and the semen quality of young men
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Rita Rahban, Alfred Senn, Serge Nef, Martin R66sli. Association between self-reported mobile phone use and the
semen quality of young men. Fertility and Sterility, 2023, doi: 10.1016/j.fertnstert.2023.09.009.

Abstract

Objectives To investigate the association between mobile phone exposure and semen parameters.

Design A nationwide cross-sectional study.

Setting Andrology laboratories in close proximity to 6 army recruitment centers.

Patients In total, 2886 men from the general Swiss population, 18—-22 years old, were recruited between 2005
and 2018 during military conscription.

Intervention Participants delivered a semen sample and completed a questionnaire on health and lifestyle,
including the number of hours they spent using their mobile phones and where they placed them when not in
use.

Main Outcome Measures Using logistic and multiple linear regression models, adjusted odds ratios and 8
coefficients were determined, respectively. The association between mobile phone exposure and semen
parameters such as volume, sperm concentration, total sperm count (TSC), motility, and morphology was then
evaluated.

Results A total of 2759 men answered the question concerning their mobile phone use, and 2764 gave details
on the position of their mobile phone when not in use. In the adjusted linear model, a higher frequency of
mobile phone use (>20 times per day) was associated with a lower sperm concentration (adjusted B: -0.152;
95% confidence interval: —-0.316; 0.011) and a lower TSC (adjusted B: -0.271; 95% confidence interval: -0.515;
-0.027). In the adjusted logistic regression model, this translates to a 30% and 21% increased risk for sperm
concentration and TSC to be below the World Health Organization reference values for fertile men, respectively.
This inverse association was found to be more pronounced in the first study period (2005—-2007) and gradually
decreased with time (2008—2011 and 2012-2018). No consistent associations were observed between mobile
phone use and sperm motility or sperm morphology. Keeping a mobile phone in the pants pocket was not found
to be associated with lower semen parameters.

Conclusion This large population-based study suggests that higher mobile phone use is associated with lower
sperm concentration and TSC. The observed time trend of decreasing association is in line with the transition to
new technologies and the corresponding decrease in mobile phone output power. Prospective studies with
improved exposure assessment are needed to confirm whether the observed associations are causal.

Excerpts
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... The energy absorbed by the body depends mainly on the transmission duration, the source’s strength, and
the distance to the source. The specific absorption rate decreases with the square of the distance to the source,
although the situation can be much more complex close to the source. In addition to potential inaccuracies in
reporting hours per day of mobile phone use, radiofrequency exposure depends on characteristics that were not
collected, such as brand and generation of the mobile phone, applications on the phone, network quality,
distance to base stations, and use of earpieces and protective covers (46, 47). With technical development, the
output power of mobile phones has decreased as 3G phones emit, on average, 100-500 times lower levels than
2G phones. In contrast, modern smartphones are much more active in standby mode compared with previous
bar phones (48). Therefore, the number of applications on the phone and whether the person is stationary or
not may play an important role. During traveling, for example, mobile phones are connecting more frequently
and with higher output power on average (49). Such limitations, together with random errors in self-reported
use, cause nondifferential exposure misclassification, which would attenuate our estimates and should be
considered when interpreting the data....

Conclusion

The lack of clear evidence for a negative association between mobile phone use and male fertility, as well as the
dramatic increase in cell phone use over the past decade, underscores the need for further research in this area.
From this perspective, it is important to conduct prospective observational studies with men from the general
population and to accurately measure the RF-EMF exposure to the testicles and the hypothalamic-pituitary-
gonadal axis. This would allow us to examine the association between cell phone use, RF-EMF exposure, and
semen quality and to better understand the mode of action of RF-EMF on the male reproductive system.

Open access paper: https://www.fertstert.org/article/S0015-0282(23)01875-7 /fulltext

Assessment of Electrical Brain Activity of Healthy Volunteers Exposed to 3.5 GHz of 5G Signals within
Environmental Levels: A Controlled—Randomised Study

My note: Contrary to the authors' claims, the signal generator employed in this study (SMB100A [1406.6000.02],
Rohde & Schwarz GmbH & Co KG, Munich, Germany) cannot produce a 5G signal.

Jamal L, Yahia-Cherif L, Hugueville L, Mazet P, Lévéque P, Selmaoui B. Assessment of Electrical Brain Activity of
Healthy Volunteers Exposed to 3.5 GHz of 5G Signals within Environmental Levels: A Controlled—Randomised
Study. International Journal of Environmental Research and Public Health. 2023; 20(18):6793. doi:
10.3390/ijerph20186793.

Abstract

Following the recent deployment of fifth-generation (5G) radio frequencies, several questions about their health
impacts have been raised. Due to the lack of experimental research on this subject, the current study aimed to
investigate the bio-physiological effects of a generated 3.5 GHz frequency. For this purpose, the wake
electroencephalograms (EEG) of 34 healthy volunteers were explored during two “real” and “sham” exposure
sessions. The electromagnetic fields were antenna-emitted in an electrically shielded room and had an electrical

63


https://www-sciencedirect-com.libproxy.berkeley.edu/science/article/pii/S0015028223018757?via%3Dihub#bib46
https://www-sciencedirect-com.libproxy.berkeley.edu/science/article/pii/S0015028223018757?via%3Dihub#bib47
https://www-sciencedirect-com.libproxy.berkeley.edu/science/article/pii/S0015028223018757?via%3Dihub#bib48
https://www-sciencedirect-com.libproxy.berkeley.edu/science/article/pii/S0015028223018757?via%3Dihub#bib49
https://mail.google.com/mail/u/0/https:/www.fertstert.org/article/S0015-0282(23)01875-7/fulltext

field root-mean-square intensity of 2 V/m, corresponding to the current outdoor exposure levels. The sessions
were a maximum of one week apart, and both contained an exposure period of approximately 26 min and were
followed by a post-exposure period of 17 min. The power spectral densities (PSDs) of the beta, alpha, theta, and
delta bands were then computed and corrected based on an EEG baseline period. This was acquired for 17 min
before the subsequent phases were recorded under two separate conditions: eyes open (EO) and eyes closed
(EC). A statistical analysis showed an overall non-significant change in the studied brain waves, except for a few
electrodes in the alpha, theta, and delta spectra. This change was translated into an increase or decrease in the
PSDs, in response to the EO and EC conditions. In conclusion, this study showed that 3.5 GHz exposure, within
the regulatory levels and exposure parameters used in this protocol, did not affect brain activity in healthy
young adults. Moreover, to our knowledge, this was the first laboratory-controlled human EEG study on 5G
effects. It attempted to address society’s current concern about the impact of 5G exposure on human health at
environmental levels.

Open access paper: https://www.mdpi.com/1660-4601/20/18/6793

4G mobile phone radiation alters some immunogenic and vascular gene expressions, and gross and
microscopic and biochemical parameters in the chick embryo model

Islam MS, Islam MM, Rahman MM, Islam K. 4G mobile phone radiation alters some immunogenic and vascular
gene expressions, and gross and microscopic and biochemical parameters in the chick embryo model. Vet Med
Sci. 2023 Sep 19. doi: 10.1002/vms3.1273.

Abstract

Background: The risks to human health have grown over the past 10 years due to the excessive use of mobile
phones.

Objectives: The study was designed to determine the harmful effects of 4G mobile phone radiation on the
expression of immunogenic and vascular genes and gross, microscopic and biochemical alterations in the
development of chicken embryos.

Methods: Sixty individuals in the exposure group were subjected to mobile phones with a specific absorption
rate of 1.4 W/kg and a frequency of 2100 MHz positioned at a distance of 12 cm in the incubator for 60
min/night for 14 days. The histopathological examination involved hematoxylin and eosin staining, whereas
cresyl violet staining was used to evaluate the condition and number of neurons in the brain. The biochemical
parameters of amniotic fluid were analysed using the photometry method, and the expression of VEGF-A and
immunity genes (AvBD9, IL6) was measured using the real-time PCR (qPCR) technique.

Results: Compared to the control, the exposure group's body weight and length significantly decreased (p <
0.05). Subcutaneous bleeding was seen in the exposure group. Urea, creatinine, alkaline phosphatase, aspartate
aminotransferase and alanine aminotransferase levels were all significantly higher than in the control group (p <
0.05). The exposed group showed pathological lesions in the liver and degenerated neurons with lightly stained
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nuclei in the cerebral cortex. Hyperchromatic neurons were significantly higher in the exposure group (58.8 +
2.28) compared to the control (6.6 + 0.44) (p < 0.05). 4G exposure reduced lymphocyte count in the caecal tonsil
(86.8 + 5.38) compared to the control (147.2 + 9.06) (p < 0.05). Vascular gene mRNA expression was higher, but
immune gene expression was lower in the exposed group.

Conclusion: Exposure to mobile phone radiation may result in gross, microscopic and biochemical changes, as
well as alterations in gene expression that could hinder embryonic development.

https://pubmed.ncbi.nlm.nih.gov/37725264/

The potential protective effects of melatonin and omega-3 on the male rat optic nerve exposed to 900 MHz
electromagnetic radiation during the prenatal period

Tufekci KK, Kaplan AA, Kaya A, Alrafiah A, Altun G, Aktas A, Kaplan S. The potential protective effects of
melatonin and omega-3 on the male rat optic nerve exposed to 900 MHz electromagnetic radiation during the
prenatal period. Int J Neurosci. 2023 Sep 15:1-15. doi: 10.1080/00207454.2023.2259078.

Abstract

Background: Due to children and adolescents' widespread use of electronic devices, researchers have focused
on pre-and early postnatal electromagnetic field (EMF) exposure. However, little is known about the effects of
EMF exposure on the optic nerve. The aim of study was to investigate the changes occurring in the optic nerve
and the protective effects of melatonin (mel) and omega 3 (w-3) in rats.

Methods: Thirty-five pregnant rats were divided into seven groups, Cont, Sham, EMF, EMF + melatonin (EMF +
Mel), EMF + w3, Mel, and w3. The EMF groups were exposed to 900 megahertz (MHz) EMF daily for two hours
during pregnancy. After the experiment, the right optic nerve of each offspring rat was removed and fixed in
glutaraldehyde. Thin and semi-thin sections were taken for electron microscopic and stereological analyses.
Myelinated axon numbers, myelin sheath thicknesses, and axonal areas were estimated using stereological
methods.

Results: The groups had no significant differences regarding mean numbers of axons, mean axonal areas, or
mean myelin sheath thicknesses (p > 0.05). Histological observations revealed impaired lamellae in the myelin
sheath of most axons, and vacuolization was frequently observed between the myelin sheath and axon in the
EMF-exposed group. The Mel and w-3-treated EMF groups exhibited well-preserved myelinated nerve fibers and
intact astrocytes and oligodendrocytes.

Conclusions: At the ultrastructural level, Mel and w3 exhibit a neuroprotective effect on the optic nerve exposed
to prenatal EMF. The protective effects of these antioxidants on oligodendrocytes, which play an essential role
in myelin formation in the central nervous system, now require detailed investigation.

https://pubmed.ncbi.nlm.nih.gov/37712630/
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Brain-implanted conductors amplify radiofrequency fields in rodents: Advantages and risks

Voroslakos M, Yaghmazadeh O, Alon L, Sodickson DK, Buzsaki G. Brain-implanted conductors amplify
radiofrequency fields in rodents: Advantages and risks. Bioelectromagnetics. 2023 Oct 24. doi:
10.1002/bem.22489.

Abstract

Over the past few decades, daily exposure to radiofrequency (RF) fields has been increasing due to the rapid
development of wireless and medical imaging technologies. Under extreme circumstances, exposure to very
strong RF energy can lead to heating of body tissue, even resulting in tissue injury. The presence of implanted
devices, moreover, can amplify RF effects on surrounding tissue. Therefore, it is important to understand the
interactions of RF fields with tissue in the presence of implants, in order to establish appropriate wireless safety
protocols, and also to extend the benefits of medical imaging to increasing numbers of people with implanted
medical devices. This study explored the neurological effects of RF exposure in rodents implanted with neuronal
recording electrodes. We exposed freely moving and anesthetized rats and mice to 950 MHz RF energy while
monitoring their brain activity, temperature, and behavior. We found that RF exposure could induce fast onset
firing of single neurons without heat injury. In addition, brain implants enhanced the effect of RF stimulation
resulting in reversible behavioral changes. Using an optical temperature measurement system, we found greater
than tenfold increase in brain temperature in the vicinity of the implant. On the one hand, our results underline
the importance of careful safety assessment for brain-implanted devices, but on the other hand, we also show
that metal implants may be used for neurostimulation if brain temperature can be kept within safe limits.

https://pubmed.ncbi.nlm.nih.gov/37876116/

Protective effect of paricalcitol in rat testicular damage induced by subchronic 1800 MHz radiofrequency
radiation

Demirbag B, Aktas S, Comelekoglu U, Kara I, Yildirim M, Yildirim DD. Protective effect of paricalcitol in rat
testicular damage induced by subchronic 1800 MHz radiofrequency radiation. Biochem Biophys Res Commun.
2023 Sep 12;680:42-50. doi: 10.1016/j.bbrc.2023.09.024.

Highlights
¢ RFR can damage testicular tissue.
* RFR-induced testis damage may be associated with subfertility and/or infertility.

¢ Paricalcitol decreased lipid peroxidation and increased antioxidant enzyme levels in tissue with RFR exposure.
e Paricalcitol has a protective role in testicular tissue against the damaging effect of RFR.

Abstract

In the present study, the possible protective effects of paricalcitol (P) were investigated in testicular damage
because of 1800 MHz radiofrequency radiation (RFR) exposure. Male Sprague Dawley rats 8-10 weeks old (n =
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28) were randomly divided into four groups as control (C) (n =7), RFR (n =7, 1800 MHz RFR 1 h/day for 30 days),
P (n=7,0.2 ug/kg paricalcitol, 3 times a week for 30 days), and RFR + P (n = 7, 1800 MHz RFR 1 h/day for 30 days
+0.2 ug/kg paricalcitol, 3 times a week for 30 days). Testicular tissue was evaluated with histological and
biochemical methods. No statistically significant differences were detected between the groups in seminiferous
tubule diameters and germinal epithelial thicknesses. While ultrastructural changes were observed in the
seminiferous tubule and Leydig cells in the RFR group, these changes were decreased in the RFR + P group. It
was found that the Johnsen Score, Ki67, and p63 immunoreactivity scores (IRS), superoxide dismutase (SOD),
and catalase (CAT) activities in the RFR + P group were statistically increased as compared to the RFR group and
the malondialdehyde (MDA) levels were decreased statistically and significantly. These results show that
paricalcitol administration may have an ameliorative effect on testicular damage occurring because of 1800 MHz
RFR exposure.

https://pubmed.ncbi.nlm.nih.gov/37717340/

Inhibition of mitochondrial calcium uptake by Ru360 enhances the effect of 1800 MHz radio-frequency
electromagnetic fields on DNA damage

Sun C, Zhu L, Qin H, Su H, Zhang J, Wang S, Xu X, Zhao Z, Mao G, Chen J. Inhibition of mitochondrial calcium
uptake by Ru360 enhances the effect of 1800 MHz radio-frequency electromagnetic fields on DNA damage.
Ecotoxicol Environ Saf. 2023 Sep 14;264:115472. doi: 10.1016/j.ecoenv.2023.115472.

Highlights

e Ru360, a specific inhibitor of MCU, enhanced the DNA damage effect of short-time (15 min) exposure
t01800 MHz RF-EMF
e ATP synthesis play a role in cellular resistance to 1800 MHz RF-EMF short-time exposure on DNA

damage.
e DNA damage induced by 1800 MHz RF-EMF in Ru360 treated cells were quickly repaired within 1 h after
exposure.
Abstract

Today, the existence of radio-frequency electromagnetic fields (RF-EMF) emitted from cell phones, wireless
routers, base stations, and other sources are everywhere around our living environment, and the dose is
increasing. RF-EMF have been reported to be cytotoxic and supposed to be a risk factor for various human
diseases, thus, more attention is necessary. In recent years, interfere with mitochondrial calcium uptake by
using mitochondrial calcium uniporter (MCU) inhibitor were suggested to be potential clinical treatment in
mitochondrial calcium overload diseases, like neurodegeneration, ischemia/reperfusion injury, and cancer, but
whether this approach increases the health risk of RF-EMF exposure are unknown. To address our concern, we
did a preliminary study to determine whether inhibition of MCU will increase the genotoxicity of RF-EMF
exposure in cells, and found that short-time (15 min) exposure to 1800 MHz RF-EMF induced significant DNA
damage and cell apoptosis in mouse embryonic fibroblasts (MEFs) treated with Ruthenium 360 (Ru360), a
specific inhibitor of MCU, but no significant effects on cell cycle, cell proliferation, or cell viability were observed.
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In conclusion, our results indicated that inhibiting MCU increases the genotoxicity of RF-EMF exposure, and
more attention needs to be paid to the possible health impact of RF-EMF exposure under these treatments.

Open access paper: https://www.sciencedirect.com/science/article/pii/S0147651323009764

Panax ginseng supplementation protects against testicular damage induced by radiofrequency
electromagnetic radiation from cell phone

Oyewopo AO, Badejogbin OC, Ajadi IO et al. Panax ginseng supplementation protects against testicular damage
induced by radiofrequency electromagnetic radiation from cell phone. Nutrire 48, 47 (2023).
https://doi.org/10.1186/s41110-023-00234-7

Abstract

Purpose It is well-documented that radiofrequency electromagnetic radiation (RF-EMR) from the cell phone
contributes to testicular dysfunction and subsequently predisposes individuals, especially male to infertility.
Panax ginseng (P. ginseng) exerts antioxidant, antidiabetic, neuroprotective, and anti-inflammatory effects in
biological systems. However, its protective role against reproductive dysfunction, including testiculopathy is
unclear. The objective of this study was to examine the protective effects of P. ginseng extract on testicular
damage induced by RF-EMR from cell phones in male Wistar rats.

Methods Twenty adult male Wistar rats (120-150 g) were randomly divided into four groups of n = 5; Control
group received vehicle (normal saline, po), P. ginseng group received 200 mg/kg of P. ginseng extract (po), RF-
EMR group was exposed to 900MHz of radiation and RF-EMR + P. ginseng group was exposed to 900MHz of
radiation and was concomitantly treated with 200 mg/kg of P. ginseng (po). The treatment was done daily for 56
days. The animals were sacrificed, and the biochemical/endocrine parameters and the histology of testes were
evaluated.

Results There was a significant decrease in spermatogonia, sperm count, sperm motility, and sperm morphology
with decrease in progressivity in RF-EMR group compared with control. Likewise, a significant decrease was
observed in serum-luteinizing hormone, testosterone and glutathione peroxidase with degeneration of germ
cells and Leydig cells, and a distorted interstitium in RF-EMR group compared with control. However, the
administration of P. ginseng attenuated these alterations.

Conclusion The results of the present study suggest that supplementation with P. ginseng extract ameliorates
testicular dysfunction associated with RF-EMR from cell phone by enhancement of antioxidant capacity.

https://link.springer.com/article/10.1186/s41110-023-00234-7

68


https://www.sciencedirect.com/science/article/pii/S0147651323009764
https://doi.org/10.1186/s41110-023-00234-7
https://link.springer.com/article/10.1186/s41110-023-00234-7

Violation of molecular structure of intracellular water as a possible cause of carcinogenesis and its
suppression by microwave radiation(hypothesis)

Kalantaryan V, Martirosyan R, Babayan Y, Petrosyan V. Violation of molecular structure of intracellular water as
a possible cause of carcinogenesis and its suppression by microwave radiation(hypothesis). Computational and
Structural Biotechnology Journal. 21:3437-3442. 2023. doi: 10.1016/j.csbj.2023.06.013.

Abstract

The manuscript discusses a possible hypothesis about the transformation of healthy cells into cancer cells as a
result of modification of the molecular structure of intracellular water from normal hexagonal to abnormal cubic
phase (which may be caused by radiation, chemical, viral, mechanical and microbiological factors) and the
possibility of returning to its original state under the influence of microwave radiation. The authors are not
aware of any relevant experimental and theoretical support for this hypothesis in other literature.Our
hypothesis is based on a completely unexpected experimental fact that we have received. It turned out that the
radio spectra of cancer-affected tissues and the cubic phase of water are identical which confirms that these
tissues really contain a cubic phase of water. It should be expected that the use of radiation of “therapeutic”
frequencies may lead to regression of tumor growth. This assumption is based on another experimental fact
confirming the possibility of the transition of the molecular structure of water from the cubic phase to the
hexagonal phase (which is contained in healthy tissues) when irradiated with therapeutic frequencies.The
conducted experiments demonstrate the real possibilities of structural-phase and spectral mutual
transformations of the water medium under the influence of extremely low intensity flows of microwaves at
“therapeutic” frequencies of 1000 MHz and 985 MHz or “pathologic” frequencies of 990 MHz and 51 GHz. The
aim of this study was to experimentally verify a possible causal relationship between the violation of the
molecular structure of intracellular water in healthy tissues and carcinogenesis.

Open access paper: https://www.sciencedirect.com/science/article/pii/S200103702300226X

Estimation of the Specific Absorption Rate for a Honey bee Exposed to Radiofrequency Electromagnetic Fields
from 2.5 to 100 GHz

Jeladze V, Thielens A, Nozadze T, Korkotadze G, Partsvania B, Zaridze R. Estimation of the Specific Absorption
Rate for a Honey bee Exposed to Radiofrequency Electromagnetic Fields from 2.5 to 100 GHz. 2023 IEEE XXVl
International Seminar/Workshop on Direct and Inverse Problems of Electromagnetic and Acoustic Wave Theory
(DIPED), Thilisi, Georgia, 2023, pp. 180-185, doi: 10.1109/DIPED59408.2023.10269454.

Abstract

This paper presents a study of electromagnetic field (EMF) exposure of a honey bee at radio frequencies from
2.5 GHz to 100 GHz using numerical simulations based on the finite-difference time-domain (FDTD) technique.
The main goal of our study was to estimate the Specific Absorption Rate (SAR) in honey bee tissues as a
dosimetric aid to predict the possible adverse effects caused by EMF energy absorption. In this study, the insect
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is modeled as a 3-tissue heterogeneous dielectric object, and the Sim4Life EM-FDTD solver was used for EM
simulations. The whole-body and brain tissue-averaged SAR values of a honeybee were determined for all
considered frequencies and normalized on 1 mW/cm?2 incident plane-wave power density. The obtained SAR
values were also averaged over a volume of 1 milligram of tissue. The results showed that EMF energy
absorption in insects depends on E-field polarization, frequency, and the insect’s body peculiarities.

https://ieeexplore.ieee.org/document/10269454

Interspecific differences in the behavioral response of ticks exposed to radiofrequency electromagnetic
radiation

Barias M, Sofrankovd L, Kurimsky J, Pavlik M, Pikalik M, Majlathova V, Cimbala R, Pipova N, Wurfl L, Majlath I.
Interspecific differences in the behavioral response of ticks exposed to radiofrequency electromagnetic
radiation. Exp Appl Acarol. 2023 Oct 11. doi: 10.1007/s10493-023-00847-7.

Abstract

Artificial electromagnetic radiation is a new environmental factor that affects animals. Experiments with the
effect of radio frequency electromagnetic radiation were focused on both vertebrates and invertebrates. Ticks
showed a significant affinity to radiation. Our study is a continuation of this research and its aim was to monitor
the effect of radiation on the behavior of four tick species: Ixodes ricinus, Dermacentor reticulatus, Dermacentor
marginatus and Haemaphysalis inermis. In total 1,200 ticks, 300 of each species, were tested in modules
allowing the choice of an exposed or shielded area. During the test, the ticks were exposed to electro-magnetic
radiation of 900 MHz for 24 h. The position of the individuals was recorded and we evaluated the obtained data
statistically. We observed a significant preference to the exposed area in both sexes of I. ricinus. Males of D.
reticulatus and D. marginatus also showed an affinity to radiation, but not females of both species, nor females
and males of H. inermis. The results of the study support the assumption that ticks perceive the electromagnetic
field and the observed differences in their response have the potential to help understand the mechanism of
perception.

Open access paper: https://link.springer.com/article/10.1007/s10493-023-00847-7

Comprehensive analysis of genotoxic effects & antioxidative defence mechanisms in plant test system
exposed to 1800 MHz EMR: a root chromosomal aberration & FTIR spectroscopy approach

Sharma, S., Sharma, P., Bahel, S. et al. Comprehensive analysis of genotoxic effects and antioxidative defence
mechanisms in plant test system exposed to 1800 MHz electromagnetic radiations: a root chromosomal
aberration and FTIR spectroscopy approach. Toxicol. Environ. Health Sci. (2023). doi: 10.1007/s13530-023-
00190-9
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Abstract

Objective The proliferation of wireless communication devices has increased the exposure of living organisms to
electromagnetic field radiations (EMF-rs), posing potential risks to various biological systems. The present study
was planned to explore the genotoxic effects and oxidative stress responses of 1800 MHz electromagnetic
radiations in Trigonella foenum-graecum L. plant test system. The study also pertained to assess the changes in
functional groups using Fourier transform infrared spectroscopy (FTIR).

Methods Twenty seeds of Trigonella foenum-graecum L. were placed in Petri plates lined with autoclaved
Whatman No. 1 filter paper. The seeds were evenly distributed and maintained at temperature 25+2 °C and
relative humidity 55—-60%. The seeds were placed in Petri plates along with the exposure apparatus (antenna)
and then enclosed within a chamber consisting of two layers of aluminium sheets. The treatment was
administered every day for seven days on various parameters.

Results The investigation showed that increasing the duration of EMR exposure significantly decreased protein
content and increased MDA content in seedlings. However, exposure to EMRs for 4 and 8 h per day led to
increased activities of different antioxidant enzymes, including guaiacol peroxidase (POD), glutathione-S-
transferase (GST), ascorbate peroxidase (APX), catalase (CAT), glutathione reductase (GR) and superoxide
dismutase (SOD). The study also calculated the specific absorption rate using the biological heat transfer
equation, which revealed harmful effects of the radiations on the test system by interfering with biochemical
processes, leading to genotoxic and oxidative stress.

Conclusion The findings suggest that electromagnetic radiations induced oxidative stress in T. foenum-graecum
L. and increased activity of antioxidant enzymes as a protective mechanism against cellular damage. The study

highlights the potential risks associated with EMF radiations on plant systems and underscores the importance
of further research in this field.

Conclusions

The current study revealed that exposure to non-ionizing electromagnetic radiations at 1800 MHz caused
genotoxic effects and oxidative stress in Trigonella foenum-graecum L. plant system. The outcomes of the
present work indicated that exposure to EMRs of 1800 MHz led to reduced root and shoot length, as well as
decreased fresh weight and protein content. The elevated levels of MDA content, a marker of oxidative stress,
indicated that EMRs have induced oxidative damage in the plant test system. Furthermore, the present
investigation has further shown that the plant has responded to the stress caused by EMRs by increasing their
antioxidant defences. Hence, it can be revealed that EMRs at 1800 MHz can cause harmful effects in the living
system, and therefore, it is mandatory to reduce the exposure risks in living beings to these non-ionizing
radiations in order to avoid the ill health effects. This may include limiting the usage of electronic devices that
emit EMRs, such as cell phones and Wi-Fi routers, and taking measures to reduce exposure to other sources of
EMRs. By taking such precautions, it is possible to reduce the potential health risks allied with exposure to non-
ionizing EMRs.
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Changes in rat spatial learning and memory as well as serum exosome proteins after simultaneous exposure
to 1.5 GHz and 4.3 GHz microwaves

Wang H, LiuY, Sun Y, Zhao L, Dong J, Xu X, Wang H, Zhang J, Yao B, Zhao X, Liu S, Zhang K, Peng R. Changes in rat
spatial learning and memory as well as serum exosome proteins after simultaneous exposure to 1.5 GHz and
4.3 GHz microwaves. Ecotoxicol Environ Saf. 2022 Sep 15;243:113983. doi: 10.1016/j.ecoenv.2022.113983.

Abstract

This study aimed to elucidate the effects and biological targets sensitive to simultaneous 1.5 and 4.3 GHz
microwave exposure in rats. A total of 120 male Wistar rats were divided randomly into four groups: the sham (S
group), 1.5 GHz microwave exposure (L group), 4.3 GHz microwave exposure (C group) and simultaneous 1.5
and 4.3 GHz microwave exposure (LC group) groups. Spatial learning and memory, cortical electrical activity, and
hippocampal ultrastructure were assessed by the Morris Water Maze, electroencephalography, and
transmission electron microscopy, respectively. Additionally, serum exosomes were isolated by
ultracentrifugation and assessed by Western blotting, nanoparticle tracking and transmission electron
microscopy. The serum exosome protein content was assessed by label-free quantitative proteomics. I