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Abstract
5G communication elicits radiofrequency electromagnetic fields, which will compound those being emitted by 2G, 3G and 4G, 

proving potentially harmful to humans and the environment. Radiofrequency electromagnetic fields stimulate and conduce cancers 
in humans. Also, radiofrequency electromagnetic fields pose risks to the eyes, skin, reproductive and neurologic systems, gene ex-
pression, energy metabolism and protein synthesis (metabolic effects), cell membranes, and superficial tissues. They also cause non-
specific symptoms (such as headaches, insomnia, dizziness, nausea, lack of concentration, heart palpitations, depression, and sleep 
disturbances). Radiofrequency electromagnetic fields contribute to oxidative stress, increasing reactive oxygen species production 
and oxidative damage to DNA bases. The radiation attacks the superficial layers of the skin. Recognizing the potential dangers and 
presumed adverse effects of 5G radiation, the World Health Organization recommends exposure limits and drafting policies for re-
ducing risk levels in the exposed population. Governments, militaries, and industries have been supporting rapid 5G implementation 
without, however, determining its safety and establishing preventive measures. This research explores recent peer-reviewed studies 
on the biological effects of radiofrequency electromagnetic fields on humans.
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Abbreviations

1G: First Generation; 2G: Second Generation; 3G: Third Generation; 4G: Fourth Generation; 5G: Fifth Generation; ERα: Estrogen Receptor 
Alpha; IARC: International Agency for Research on Cancer; ICNIRP: International Commission on Non-Ionizing Radiation Protection; K+: 
Potassium; MMW: Millimeter Wave; RF-EMF: Radiofrequency Electromagnetic Field

Introduction

Worldwide, communication through wireless devices has been increasing at an egregious rate. The first generation (1G) of handheld 
mobile devices were introduced in a few countries in the late 1980s. Subsequently, the 2G, 3G, and 4G mobile devices spread to numerous 
countries. The next generation, 5G mobile networks, are being deployed, representing a further transformation in telecommunication 
technology [1].

DOI: 10.31080/ecop.2021.12.00741



Citation: Kerna NA, Nwokorie U, Flores JV, Holets HM, Akabike LU, Chen MH, Solomon EO, Pruitt KD, Waugh S. “5G: Probable and Possible 
Adverse Effects of Radiofrequency Electromagnetic Fields on Humans”. EC Ophthalmology 12.2 (2021): 77-85.

5G: Probable and Possible Adverse Effects of Radiofrequency Electromagnetic Fields on Humans

78

The biological and corporal effects of 5G communication—utilizing exceptionally high-frequency microwaves (millimeter waves 
[MMWs] of 1–10 mm)—are significant and legitimate public health concerns. 5G devices (along with the existing devices and networks) 
are likely to compound hazardous radiofrequency electromagnetic fields (RF-EMF), adversely affecting humans and the ecosystem. For 
more detailed comparisons of 5G to prior 2G, 3G, or 4G technology, see the Supplementary Information section.

Studies, reviewed by the International Agency for Research on Cancer (IARC), have suggested that exposure to RF-EMF (in Group 
2B) may cause cancer in humans [2]. Recent studies have also linked RF-EMF to possible risks of reproductive [3], neurologic [4,5], and 
metabolic diseases [6,7].

RF-EMF precipitates oxidative stress [8,9] primarily through the elevated production of reactive oxygen species [10,11] and oxidative 
damage to DNA bases [12].

The International Commission on Non-Ionizing Radiation Protection (ICNIRP) has described the adverse reactions caused by RF radia-
tion in humans and the environment—based, however, on a thermic model, exclusively. 

There are no reports regarding the effect of exposure to RF emissions below the guideline levels (100 kHz to 300 GHz) on other health 
parameters, whereas few studies have published non-carcinogen-related findings falling below-guideline-level RF exposure [13,14].

Discussion

Ophthalmologic and dermatologic effects

In humans, MMWs are absorbed within 1–2 mm of the skin and the corneal surface layer. The skin contains nerve endings and capil-
laries. Thus, the biological effects of MMWs are posited as being transmitted through the skin’s nervous system or molecular mechanisms 
[15].

Any adverse effects of 5G radiation are attributed to the radiation’s inherent nature and its relation to tissues and other target struc-
tures. At these wavelengths, resonance phenomena with superficial human structures [16] and insect or insect components can be ob-
served. 

The current literature and media point out that 5G radiation mainly affects surface structures, leading to skin neoplasm, other skin 
conditions, and cataracts. However, further evidence reveals that biological responses to MMWs commence in the skin, and the subse-
quent molecular mechanisms in the skin can lead to physiological effects on the nervous, cardiovascular, and immune systems [17].

Carcinogenic effects 

Bortkiewicz., et al. (2014), in a meta-analysis involving 24 case-control studies (cases: 26,846; controls: 50,013), reported a higher risk 
of the intracranial tumor (in those using mobile phone for > 10 years) and glioma in the ipsilateral location [18].

Lerchl., et al. (2015) reported that RF-EMF affected the lungs and livers of mice at levels of 0.04 and 0.4W/kg SAR, below the current 
exposure limits of 10 mW/cm2 over a 30-min period [19].

In another rat study, exposure to RF radiation from a GSM device for about 4h adversely affected methylation by the estrogen receptor 
alpha (ERα), associated with cancer of the colon and rectum [20].

Reproductive effects

In 2017, Lewis., et al. conducted a longitudinal cohort study involving 153 men attending a fertility clinic. Their findings suggested that 
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the duration of mobile phone use and headphone use did not undermine the quality of the semen samples [21]. 

Houston., et al. (2016) identified 21 out of 27 studies documenting specific adverse effects (i.e., impaired sperm motility, heightened 
ROS promotion and damage to DNA, and reduced antioxidant level) due to mobile phone exposure [22].

Metabolic effects

Wang., et al. (2016) investigated 1073 power plant personnel, determining that exposure to a combination of RF-EMF and low-fre-
quency EMF resulted in a positive correlation with abnormal serum low-density-lipid-cholesterol levels; however, total cholesterol and 
high-density lipid and triglyceride levels were essentially unaffected [23].

Shahbazi-Gahrouei., et al. (2016) determined that there were no effects on insulin release when rats were exposed to RF radiation 
(SAR 2 W/kg) at 6 h/day for 1 week. Liver and pancreas damage were noted, such as inflammatory changes in the portal spaces and dam-
aged cells in the islet of Langerhans, respectively, based on the length of radiation exposure [24].

In an in vitro study, researchers found that RF-EMF from a GSM mobile phone lessened the viability of cells and propagation of human 
mesenchymal adipose-derived stem cells, correlating with length of radiation exposure [25].

Neurologic effects

In an animal study, adolescent rats exposed to RF-EMF did not incur damage to brain tissues compared to sham-exposed control ani-
mals [26]. Also, there were no harmful effects following long-term RF-EMF exposure on neurological development, learning skills, and be-
havior in female Wistar rats [26]. Nevertheless, exposure to 835MHz of RF-EMF greatly diminished specific brain structures in mice [27].

In a murine model, the subjects were exposed to RF-EMF at 0, 1.5, or 6 W/kg SAR for 15 min propagation. Long-term memory was 
reduced in the animals due to the RF-EMF-induced astrogliosis [5].

In another rat study, the RF-EMF-exposed animals exhibited spatial memory loss compared to unexposed rats [28]. Mice exposed to 
RF-EMF for 5 h/day during 12 weeks demonstrated myelin sheath damage and corresponding aberrant behaviors [29].

A Dutch cohort study revealed abnormal behavior in specific children due to mobile phone use by the mothers [30]. A similar but 
larger study showed a heightened incidence of behavioral issues in children of cell phone-using mothers during pregnancy compared 
to offspring of mothers who were not cell phone users during pregnancy. Residual concerns, however, derive from certain uncontrolled 
confounding factors [31].

A separate study revealed aberrations in sleep patterns and other sleep-cycle parameters relative to the proximity to mobile phone 
base stations [32].

In a cross-sectional survey involving 2150 students, increased headaches, fatigue, and sleep disturbance were noted in mobile phone 
users. These effects demonstrated a dose-response relationship. In the same study, limited associations with vicinity to base stations and 
lack of relationships with measured EMF levels were noted [33]. 

A murine-familial Alzheimer’s disease model was used to study the long-term effects of RF-EMF exposure on Alzheimer’s disease. 
EF-EMF at 1950 MHz and 5.0 W/kg SAR for 2 h/day and 5 days/week for 8 months improved cognitive deficits in the exposed mice [34]. 

However, in a meta-analysis, no distinction was noted regarding the impact of electromagnetic radiation emitted by GSM phones on 
working memory in humans compared to sham-exposed individuals [35]. Thus, further studies on this topic are indicated.
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Effects on the cell membrane and superficial tissues

Studies have reported that the extensive surface effects of low-intensity MMWs can result in numerous biological changes, including 
cell membrane effects, at non-thermal levels. MMWs in the range of 95 GHz affect cutaneous nociceptors and function as a threatening 
stimulus without causing heating or thermal damage. 

Sweat glands, filled with a conductive aqueous solution, may be a conduit of MMWs, affecting adjacent vessels and tissues [36].

Effects on gene expression

Another study indicated that MMWs may not effect genes [37]. However, MMWs altered specific genes mechanisms in human keratino-
cytes treated with a glycolysis inhibitor (2-deoxyglucose). The findings highlighted concerns about the negative long-term effects of MMW 
exposure on metabolically-stressed cells [38].

Effects on bacteria

Cohen., et al. (2010) investigated MMWs and the viability of specific bacteria, finding bacterial activity unaffected. Moreover, exposure 
to MMWs did not elicit any adverse effects on bacterial metabolic activity [39]. 

Another study demonstrated that altered (depressed) bacterial growth and activity following exposure to MMWs positively affected 
microorganisms’ sensitivity to active chemicals, including antibiotics [40], indicating unrelated thermic effects [41].

Effects on energy metabolism and protein synthesis

MMWs promote extracellular matrix synthesis and cell proliferation in chondrocytes, increasing their energy metabolism and protein 
synthesis by possibly modulating the voltage-gated potassium (K+) channel [42]. On the contrary, MMW exposure had anti-proliferative 
effects on cultured erythromyeloid leukemia cells (K562). The effect was associated with an increase in the glycolytic aerobic pathway 
activity [43]; however, other specific cells were unaffected [44,45].

Non-specific effects

The 5G spectrum may induce electromagnetic sensitivity, characterized by a myriad of symptoms. In a healthy mice study, researchers 
concluded that MMWs have a profound effect on non-specific immunity [46]. 

Lushnikov., et al. (2004) investigated cell-mediated immunity and non-specific inflammatory response in mice exposed to low-in-
tensity EHF EMR (42.0 GHz, 0.1 mW/cm2, 20 min daily). The researchers reported that radiation suppresses both non-specific and cell-
mediated immune responses [47].

Prevention or amelioration of the probable and possible adverse effects of 5G

According to the World Health Organization principle, “New RF-EMF communication network development must be paralleled by the 
adequate, active involvement of public environmental health institutions by providing recommendations on exposure limits and drafting 
policies for reducing risk levels in the exposed population” [48].
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A practical understanding of RF-WMF relating to health risks (including cancer and non-communicable diseases) is fundamental for 
any clinician [49,50]. The additional exposure of 5G to an already complex amalgamation of wireless frequencies may further compromise 
the global population’s physical and mental health.

Governments, militaries, and industries have been supporting rapid 5G implementation. However, these organizations must first dem-
onstrate that 5G (and previous generations of mobile networking technology) is safe and trustworthy. 

Conclusion

Extensive laboratory and epidemiological data currently exist, demonstrating significant health impacts of the previous generations of 
wireless networking technology. Most of these data were obtained under non-real-world conditions. The adverse effects would be signifi-
cantly increased if real-world data, including information content of signals, carrier frequencies, and other toxic stimuli combined with 
the wireless radiation, were considered.

The addition of 5G radiation with existing toxic wireless radiation is bound to exacerbate adverse health effects. Moreover, further 
studies are needed to confirm potential 5G-related health effects before its complete and inevitable enactment.
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Supplementary Information

The reader is referred to a comprehensive article and resource, entitled “5G Telecommunications Science”, published in Physicians for 
Safe Technology. Scientific Literature Updated 10/9/20. According to this encyclopedic report, 5G technology differs from 2G, 3G, or 4G 
technology as follows:

•	 “Frequencies (Cycles per second):  One MHz is 1 million cycles per second. One GHz is 1 billion cycles per second. 4G uses 
several different frequencies from 750MHz to about 2,400-5,000 MHz(2.4 GHz to 5 GHz- typical Wi Fi and cell phone) 
– 5G (proposed 5th generation) uses10GHz to 300GHz,  but lower frequencies will also be used and the frequencies and 
speed will vary with each carrier i.e. 600 MHz will be used by T Mobile.  Sprint will use 2.5GHz, called mid-band, which will 
penetrate walls.  PC Magazine on April 16, 2019 notes,  ‘The actual 5G radio system, known as 5G-NR, isn’t compatible with 
4G. But all 5G devices in the US, to start, will need 4G because they’ll lean on it to make initial connections before trading 
up to 5G where it’s available. That’s technically known as a non standalone, or NSA, network.’ https://www.pcmag.com/
article/345387/what-is-5g

•	 Length of the Wave: 4G electromagnetic wavelengths are inches to feet long – 5G (6 to 300GHz) frequencies are very short 
and measured in centimeters to millimeters, but again lower frequencies will also be used, creating a mix of frequencies 
and therefore wavelengths.

•	 Depth of Skin and Body Absorption: 4G microwave radiation (2.4GHz and 5 GHz) passes through bodies and the energy is 
absorbed by anything that contains water (can’t cook dry rice in a microwave oven), while 5G (6 to 300GHz) penetrates 

https://mdsafetech.org/
https://mdsafetech.org/
https://www.fiercewireless.com/5g/editor-s-corner-what-we-know-and-what-we-don-t-know-about-5g-u-s
https://www.sdxcentral.com/5g/definitions/sprint-5g/
https://www.pcmag.com/article/345387/what-is-5g
https://www.pcmag.com/article/345387/what-is-5g
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only the outer layers of the skin in humans. Again the mix of frequencies in cell towers and cell phones will have a mix of 
skin and body penetration

•	 Distance Radiation Travels: 4G can travel dozens of miles in a line of sight and if poles are placed high. In experiments 5G 
(6 to 300GHz) can travel a few miles but is easily blocked by objects, trees and plants thus poles are planned for every 300 
feet in cities

•	 Mechanisms of Harm: 4G and low band 5G (600MHz) emissions can cause oxidation of tissues (93 of 100 studies), 5G (6 to 
300GHz)millimeter wavelengths can have their effect through heat (tissue destruction), through a resonance effect of in-
creased vibration in an object the size of the wavelengths, and at low power levels through signaling of skin structures that 
can affect metabolism, the nervous system, the endocrine system, the reproductive system (Declassified Military studies)

•	 Amount of Testing Done: 4G technology has been tested by the military and by international scientists with an abundance 
of studies showing broad harm to animals, humans, plants, insects and bacteria. 5G (6 to 300GHz) technology has been 
studied by some in the military showing broad harm and some newer studies are showing damage to insects, tissue burns 
and overheating with streaming of data, but there has been no independent safety testing of 5G before it is rolled out.” [51]

The Physicians for Safe Technology article continues with risks from 5G, which include:

•	 “Damage to the eyes- cataracts, retina

•	 Immune system disruption

•	 Metabolic disruption

•	 Damage to sperm

•	 Skin damage

•	 Collapse of insect populations, the base of food for birds and bats

•	 Rise in bacterial resistance and bacterial shifts on skin and in ecosystems

•	 Damage to plants and trees” [51]

The entire article can be viewed by accessing this link: https://mdsafetech.org/5g-telecommunications-science/.
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