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ABSTRACT 

The increasing ubiquity of electronic devices in daily life has heightened concerns about the potential long-term 
health risks associated with prolonged exposure to electromagnetic fields (EMFs). This study investigates the long-
term health hazards of EMFs generated by common electronic devices, including mobile phones, laptops, X-ray 
machines, ECG instruments, power lines, and microwave ovens. Using a longitudinal research methodology, the 
study monitors changes in EMF levels from these devices over extended periods of use. Advanced measurement 
techniques, such as frequency-specific EMF analysis and spatial mapping, were employed to accurately quantify 
emissions at varying distances and under diverse operational conditions. Findings reveal that as electronic devices 
age, component degradation leads to increased resistance, reduced shielding effectiveness, and altered signal 
transmission, collectively amplifying EMF emissions. The extent of these increases varies based on device type, 
usage patterns, and environmental factors. Furthermore, the study examines the health implications of chronic 
exposure to elevated EMF levels, leveraging epidemiological data and controlled experiments to assess impacts on 
neurological function, endocrine regulation, and cellular responses. These findings underscore the potential public 
health risks posed by aging electronic devices and highlight the urgent need for awareness and action. The study 
advocates for responsible maintenance and replacement of devices, as well as the implementation of EMF mitigation 
strategies. By providing evidence-based insights, this research aims to inform policymakers, healthcare practitioners, 
and the general public, contributing to the development of guidelines and standards to safeguard health in an era of 
rapid technological advancement. 
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INTRODUCTION 

Electromagnetic fields (EMFs) are ubiquitous in the modern world, as they are generated by various natural and 
artificial sources, such as the sun, the earth, power lines, appliances, communication devices, and medical equipment 
[1]. EMFs have different frequencies and intensities, ranging from extremely low-frequency (ELF) to high-
frequency (HF) radiation. While some forms of EMFs, such as X-rays and gamma rays, are known to be ionizing 
and harmful to human health, the effects of non-ionizing EMFs, especially at low levels, are still controversial and 
inconclusive [2, 3]. Some studies have suggested that EMFs may have adverse effects on the nervous system, the 
endocrine system, the immune system, and the reproductive system, as well as increase the risk of cancer and 
neurodegenerative diseases [4, 5]. However, other studies have found no evidence of such effects or even reported 
some beneficial effects of EMFs on health and well-being. Therefore, there is a need for more comprehensive and 
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rigorous research on the impact of EMFs on human health, taking into account the various sources, frequencies, 
intensities, durations, and individual factors of exposure. In our increasingly interconnected world, the pervasive use 
of electronic devices and wireless technologies has led to a significant rise in human exposure to electromagnetic 
fields (EMFs). EMFs are generated by a variety of sources, including mobile phones, Wi-Fi routers, power lines, 
and household appliances [6, 7]. While these technologies have revolutionized communication, convenience, and 
efficiency, concerns have been raised about the potential impact of EMF exposure on human health. This review 
aims to comprehensively investigate the impact of exposure to EMFs from different sources on the physiological 
and psychological well-being of humans. It aims to bridge the knowledge gap by providing a multidisciplinary 
exploration of the complex relationship between EMFs and human health, incorporating elements of environmental 
science, epidemiology, psychology, and biophysics. Electromagnetic fields (EMFs) are ubiquitous in the modern 
world, as they are generated by various natural and artificial sources, such as the sun, the earth, power lines, 
appliances, communication devices, and medical equipment. EMFs have different frequencies and intensities, ranging 
from extremely low-frequency (ELF) to high-frequency (HF) radiation [8]. While some forms of EMFs, such as X-
rays and gamma rays, are known to be ionizing and harmful to human health, the effects of non-ionizing EMFs, 
especially at low levels, are still controversial and inconclusive. Some studies have suggested that EMFs may have 
adverse effects on the nervous system, the endocrine system, the immune system, and the reproductive system, as 
well as increase the risk of cancer and neurodegenerative diseases [9, 10]. However, other studies have found no 
evidence of such effects or even reported some beneficial effects of EMFs on health and well-being. Therefore, there 
is a need for more comprehensive and rigorous research on the impact of EMFs on human health, taking into account 
the various sources, frequencies, intensities, durations, and individual factors of exposure. Electromagnetic Fields 
(EMFs) are generated by various natural and man-made sources, including power lines, electrical appliances, 
wireless communication devices, and even the Earth's magnetic field. Concerns about the potential effects of EMFs 
on human health have been a subject of scientific inquiry and public debate for several decades. While the evidence 
remains inconclusive and controversial, some studies suggest that EMFs may have both physiological and 
psychological effects on humans. The effects of electromagnetic fields (EMF) on humans have been a subject of 
scientific inquiry and public interest for many years. EMF refers to the electric and magnetic fields that are generated 
by electric power lines, electrical appliances, wireless devices, and other sources of electrical and wireless technology. 
While there is ongoing research in this field, the general scientific consensus based on existing studies is that the 
EMF levels commonly encountered in daily life do not pose a significant health risk to the general population. 
Regulatory bodies and health organizations around the world, including the World Health Organization (WHO) 
and the International Commission on Non-Ionizing Radiation Protection (ICNIRP), have established guidelines and 
exposure limits for EMF to ensure public safety [11, 12, 13].   

Non-Ionizing Radiation 
EMF from power lines, household appliances, and wireless devices fall into the category of non-ionizing radiation. 
Unlike ionizing radiation (such as X-rays and gamma rays), which have enough energy to break chemical bonds and 
cause cellular damage, non-ionizing radiation does not have sufficient energy to cause DNA damage or ionize atoms 
directly [14].   

Ionizing vs. Non-Ionizing Radiation 
As mentioned earlier, EMF falls into the category of nonionizing radiation, which lacks sufficient energy to cause 
direct ionization or DNA damage. Ionizing radiation, on the other hand, such as X-rays and gamma rays, has higher 
energy levels and can cause direct cellular damage and increase the risk of cancer. The health risks associated with 
ionizing radiation are well-established and supported by scientific evidence [15].  

Potential Health Effects of EMF Exposure 
Physiological Effects: Numerous studies have been conducted to investigate the potential health effects of EMF 
exposure. These studies have focused on various health outcomes, including cancer, reproductive health, cognitive 
function, sleep disturbances, and cardiovascular effects. While some studies have reported associations between EMF 
exposure and certain health outcomes, the overall scientific consensus remains that the evidence is insufficient to 
establish a clear causal relationship. Another area of interest is the potential effects of EMF on pregnancy and fetal 
development. While some studies have reported associations between EMF exposure and adverse pregnancy 
outcomes, such as preterm birth or low birth weight, the evidence is limited and inconsistent. Further research is 
needed to understand the potential risks, particularly as technology use continues to increase [16, 17].  
Cancer Risk: One of the most widely studied potential health effects of EMFs is their association with cancer, 
particularly leukemia and brain tumors. Some epidemiological studies have reported an increased risk of certain 
cancers among individuals exposed to high levels of EMFs, such as those living near power lines or working in 
occupations with high EMF exposure. However, other studies have not consistently replicated these findings, and 
the overall evidence remains uncertain [18, 19].  
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Neurological Effects: There is ongoing research investigating the possible link between EMF exposure and 
neurological disorders such as Alzheimer's disease, Parkinson's disease, and multiple sclerosis. While some studies 
suggest a potential association between long-term EMF exposure and increased risk of neurological disorders, more 
research is needed to establish causal relationships [20, 21].  
Reproductive Health: Some studies have suggested that EMF exposure may affect reproductive health, including 
sperm quality, fertility, and pregnancy outcomes. However, the evidence is limited and conflicting, with some studies 
reporting no significant effects [22, 23, 24].  
Cardiovascular Effects: There is limited evidence suggesting that exposure to EMFs may have effects on the 
cardiovascular system, including changes in heart rate variability, blood pressure, and risk of cardiovascular disease. 
However, more research is needed to better understand these potential effects and their underlying mechanisms [25, 
26].   
Psychological Effects: Electromagnetic Hypersensitivity (EHS): Some individuals claim to experience symptoms 
such as headaches, fatigue, and difficulty concentrating when exposed to EMF, a condition referred to as 
electromagnetic hypersensitivity. However, scientific studies have not provided conclusive evidence to support a 
direct causal relationship between EMF exposure and the reported symptoms of EHS. Psychological factors, such 
as the "nocebo effect," where symptoms are triggered by the belief of exposure, may play a role in some cases. We 
recall that the electromagnetic spectrum encompasses a wide range of wavelengths and frequencies, ranging from 
extremely low frequency (ELF) fields associated with power lines to radiofrequency (RF) fields used in wireless 
communication. Different sources of EMF emit different frequencies, and the potential health effects may vary based 
on the frequency and intensity of the exposure [27, 28].  
Sleep Disturbances: EMF exposure, particularly from electronic devices such as smartphones and Wi-Fi routers, 
has been associated with sleep disturbances, including difficulty falling asleep, frequent awakenings, and reduced 
sleep quality. The mechanisms underlying these effects are not fully understood but may involve disruptions to 
circadian rhythms and melatonin production [29, 30].  
Cognitive Function: Some studies have investigated the potential impact of EMF exposure on cognitive function, 
including memory, attention, and executive function. While there is some evidence suggesting that EMFs may affect 
cognitive performance, the findings are inconsistent, and more research is needed to clarify the nature of these effects 
[31].  
Psychological Well-being: There is ongoing debate about the potential psychological effects of EMF exposure, 
including increased stress, anxiety, and depressive symptoms. While some individuals report experiencing 
"electromagnetic hypersensitivity" (EHS) symptoms in response to EMFs, scientific evidence supporting the 
existence of EHS is limited, and the mechanisms underlying such symptoms remain unclear [32].  

Effects of Electromagnetic Fields (EMFs) on Reproductive Health 
The influence of electromagnetic fields (EMF) on reproductive health, particularly in relation to fertility and sperm 
quality, has garnered significant attention in scientific research. Several studies have investigated the potential 
impact of EMF exposure on reproductive outcomes in both males and females. In a study by [33], the researchers 
examined the influence of electromagnetic waves on sperm motility. Their findings suggested a potential association 
between EMF exposure and impaired sperm motility, highlighting a possible link to male infertility. Similarly, [34] 
conducted a study to explore the relationship between cell phone use and semen quality. Their results indicated that 
prolonged exposure to cell phone radiation may have adverse effects on sperm parameters, including sperm count 
and motility. [35], conducted an observational study to evaluate the effect of cell phone usage on semen analysis in 
men attending an infertility clinic. The study found that increased cell phone usage was associated with decreased 
sperm quality, providing further evidence of a potential detrimental effect of EMF exposure on male reproductive 
health.  [36], conducted an in vitro pilot study to investigate the effects of radiofrequency electromagnetic waves 
(RF-EMW) from cellular phones on human ejaculated semen. The results suggested that RF-EMW exposure may 
lead to significant changes in sperm parameters, including sperm viability and DNA integrity. In addition to studies 
focusing on human subjects, animal studies have also contributed valuable insights into the potential reproductive 
effects of EMF exposure. For example, [37] exposed rats to radiofrequency electromagnetic radiation from GSM 
mobile phones and observed a reduction in sperm motility, accompanied by increased oxidative stress in the 
reproductive organs.  

Cellular Effects 
The investigation of cellular mechanisms underlying the impact of electromagnetic fields (EMF) on biological 
systems has been a subject of significant interest in scientific research. Several studies have explored the cellular 
effects of EMF exposure, focusing on various aspects such as DNA integrity, oxidative stress, and gene expression. 
[38], conducted a study to assess the impact of radiofrequency electromagnetic radiation on DNA integrity in the 
male germline. Their findings suggested that EMF exposure may lead to DNA damage in sperm cells, potentially 
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compromising male reproductive health. Oxidative stress has emerged as a key mechanism implicated in the cellular 
response to EMF exposure. [39], investigated the effects of electromagnetic radiation from cellular phones on brain 
oxidative stress and vitamin levels in guinea pigs. Their results indicated that EMF exposure was associated with 
increased oxidative stress levels in the brain, suggesting a potential link between EMF exposure and oxidative 
damage. Furthermore, [40] conducted a study to evaluate the effects of electromagnetic radiation from cellular 
phones on oxidant and antioxidant levels in rabbits. The study observed alterations in the oxidant and antioxidant 
balance, indicating a disruption in cellular redox homeostasis following EMF exposure. Gene expression is another 
aspect of cellular function investigated in the context of EMF exposure. [41], explored the mechanism of short-
term activation of extracellular signal-regulated kinase (ERK) by electromagnetic fields at mobile phone frequencies. 
Their findings suggested that EMF exposure may modulate gene expression pathways involved in cellular signaling.  

Neurological Effects 
The burgeoning utilization of electromagnetic fields (EMF) in modern society has prompted significant scientific 
inquiry into their potential effects on the central nervous system (CNS), encompassing cognitive function, sleep 
patterns, and the onset or exacerbation of neurological disorders. Regarding cognitive function, research findings 
vary. [42], reported alterations in spatial memory performance among participants exposed to GSM wireless 
communication signals, suggesting a potential link between EMF exposure and cognitive deficits. However, [43] 
found no significant changes in human auditory brainstem response following short GSM mobile phone exposure, 
indicating conflicting evidence. Studies exploring the relationship between EMF exposure and sleep patterns have 
unveiled intriguing insights. [44], observed disruptions in human sleep when exposed to 60 Hz magnetic fields, 
suggesting alterations in sleep architecture. Similarly, [45] found disturbances in sleep quality and melatonin cycle 
in individuals exposed to shortwave magnetic fields, implying potential implications for sleep-related disorders.  
The association of neurological disorders with EMF exposure remains an area of active investigation. [46], reported 
conflicting findings regarding the effects of EMF on cognitive function and neurological disorders. Moreover, 
emerging evidence suggests that alterations in melatonin secretion induced by EMF exposure may contribute to the 
pathogenesis of conditions like Alzheimer's disease and Parkinson's disease [45].  

Cancer Risk 
Brain tumors, in particular, have received considerable attention due to the proximity of mobile phone usage to the 
head and the potential for EMF emitted by these devices to penetrate brain tissues. Numerous epidemiological 
studies have investigated this association, although findings have been inconsistent. For instance, a study by [47] 
reported an increased risk of acoustic neuroma associated with long-term mobile phone use, suggesting a potential 
link between EMF exposure and brain tumor development. However, other studies have failed to replicate these 
findings, highlighting the complexity of the issue and the need for further research. Leukemia, a type of blood cancer, 
has also been studied in relation to EMF exposure, particularly among individuals living in close proximity to power 
lines or other sources of high-voltage EMF. A meta-analysis by [48] found a modest but statistically significant 
association between childhood leukemia and magnetic field exposure, particularly at higher levels of exposure. 
However, the causal relationship between EMF and leukemia remains uncertain, and additional research is needed 
to clarify the underlying mechanisms. Despite the ongoing debate and inconclusive evidence, several biological 
mechanisms have been proposed to explain the potential carcinogenic effects of EMF exposure. These mechanisms 
include the generation of free radicals, DNA damage, and alterations in cellular signaling pathways. For example, 
[49] demonstrated that EMF exposure can influence the efflux of calcium ions from brain tissue, potentially 
disrupting cellular processes and increasing cancer risk.  

Endocrine Disruption 
Thyroid hormones play a crucial role in metabolism, growth, and development, and disruptions in their regulation 
can have profound health implications. While direct evidence linking EMF exposure to thyroid hormone imbalance 
remains limited, several studies have suggested potential associations. For example, [50] conducted a preliminary 
study exposing mice to radiofrequency radiations from mobile communication base stations. They observed an 
induction of sperm head abnormalities, raising concerns about possible endocrine disruption. However, further 
research is needed to elucidate the specific mechanisms underlying these effects and their relevance to human health. 
Cortisol, often referred to as the "stress hormone," is involved in the body's response to stress and plays a role in 
various physiological processes. Studies investigating the impact of EMF on cortisol levels have yielded conflicting 
results. For instance, [41] explored the mechanism of short-term ERK activation by electromagnetic fields at mobile 
phone frequencies. While they reported alterations in cellular signaling pathways, the direct effects on cortisol levels 
remain unclear. Additional research utilizing robust methodologies is warranted to better understand the potential 
modulation of cortisol by EMF. Reproductive hormones, including estrogen, progesterone, and testosterone, are 
essential for reproductive health and fertility. Several studies have investigated the influence of EMF exposure on 
reproductive hormone levels, albeit with inconsistent findings. [35], conducted an observational study assessing the 
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effect of cell phone usage on semen analysis in men attending infertility clinics. While they reported no significant 
impact on reproductive hormone levels, other studies have suggested potential alterations in hormone profiles due 
to EMF exposure. Further research, including well-designed epidemiological studies and mechanistic investigations, 
is necessary to clarify the relationship between EMF and reproductive hormone disruption.  

Immune System Response 
Several studies have investigated the effects of EMF exposure on immune system function, with varying results. For 
instance, a study by [51] demonstrated that exposure to radiofrequency EMF could lead to alterations in immune 
response, including changes in lymphocyte activity and increased production of stress proteins. Similarly, [52] 
reported changes in immune parameters, such as alterations in cytokine levels, following exposure to extremely low-
frequency EMF. In terms of susceptibility to infections, some research suggests that EMF exposure may weaken 
the immune system, thereby increasing the risk of infections. For example, a study by [53] found that exposure to 
low-intensity EMF suppressed immune response in mice, resulting in increased susceptibility to bacterial infections. 
Additionally, a review by [54] highlighted potential immune-modulating effects of EMF, although the exact 
mechanisms remain unclear. Furthermore, there is emerging evidence suggesting a possible link between EMF 
exposure and autoimmune disorders. Autoimmune disorders occur when the immune system mistakenly attacks 
healthy tissues, leading to chronic inflammation and tissue damage. While research in this area is still relatively 
limited, some studies have reported associations between EMF exposure and increased risk of autoimmune diseases 
such as rheumatoid arthritis and multiple sclerosis (MS). For example, a study by [55] found that individuals living 
near high-voltage power lines had a higher prevalence of autoimmune diseases compared to controls, suggesting a 
potential environmental trigger. Despite these findings, the underlying mechanisms by which EMF may affect 
immune system function and contribute to autoimmune disorders remain poorly understood. Additional research, 
including well-designed epidemiological studies and mechanistic investigations, is needed to elucidate the complex 
interactions between EMF exposure and immune system regulation.  

Developmental Effects 
Prenatal and early-life exposure to electromagnetic fields (EMF) has raised concerns regarding its potential impact 
on developmental outcomes, including birth defects, neurodevelopmental disorders, and growth abnormalities. 
Research in this area has aimed to elucidate the effects of EMF on developmental processes during critical periods 
of gestation and early childhood. A study by [56] investigated the association between maternal exposure to 
magnetic fields during pregnancy and the risk of congenital anomalies in offspring. The findings suggested a 
potential link between higher magnetic field exposure and an increased risk of certain birth defects, although further 
research is needed to confirm these observations. Furthermore, neurodevelopmental disorders, such as autism 
spectrum disorder (ASD) and attention deficit hyperactivity disorder (ADHD), have also been the focus of 
investigation regarding EMF exposure during critical periods of development. For example, a study by [57] 
explored the association between prenatal and early-life exposure to electromagnetic radiation from cell phones and 
the risk of developing ASD in children. While the results were inconclusive, they highlighted the importance of 
continued research in this area to better understand the potential neurodevelopmental effects of EMF exposure. 
Additionally, concerns have been raised regarding the potential impact of EMF on growth and physical development 
in children. Animal studies, such as those conducted by [58], have suggested that exposure to electromagnetic 
radiation during early development may affect growth parameters and lead to abnormalities in skeletal development. 
However, further research is needed to translate these findings to human populations and ascertain the relevance of 
such effects in real-world scenarios. 

Laboratory Experiments 
Laboratory experiments have been conducted to investigate the biological mechanisms through which EMFs may 
interact with living organisms. When applied antioxidants supplemented with EMF exposure, improved the 
hydrophilic, lipophilic, and enzymatic antioxidant blood capacity and partially compensated for these changes in a 
study done by [59], said Vitamin E (tocopherol) is one of the most important such antioxidants. Compounds of 
vitamin E, including alpha, beta, gamma, and delta tocopherols, are soluble in lipids. Vitamin E is stored in the liver 
and has many functions. Its main antioxidant function is to prevent lipid peroxidation [60].  Several studies have 
shown the beneficial effects of vitamin E observed by reducing alteration in antioxidant capacity against the harmful 
effects of EMF. [61], observed that exposure to 3-MT EMF led to oxidative stress by reducing SOD activity and 
reported that treatment with vitamin E prevents lipid peroxidation in the substantia nigra, [62], studied 
ultrastructural changes in the thymus after exposure to EMF and investigated the protective effects of vitamin E in 
preventing this change. Their results demonstrated that exposure to EMF caused damage to the immune system 
and that vitamin E consumption can prevent ultrastructural alteration in tissue [62]. These studies often involve 
exposing animals or cell cultures to EMFs and examining the resulting physiological or cellular changes. While 
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some studies have reported effects on biological systems, the relevance of these findings to human health remains a 
topic of discussion and further investigation.  

Basic Restrictions and Reference Levels 
The 1999/519/EC European Council Recommendation [63], defines, in its Annex I, the basic restrictions and 
reference levels for limiting exposure of the general public. This had been added by the directive 2013/35/EU on 
occupational exposure to EMF. Following [63, 64] restrictions on exposure to time-varying electric, magnetic, and 
electromagnetic fields that are based directly on established health effects and biological considerations are termed 
‘basic restrictions’. Depending upon the frequency of the field, the physical quantities used to specify these 
restrictions are magnetic flux density, current density, specific energy absorption rate, and power density. Magnetic 
flux density and power density can be readily measured. In the latest guidelines issued by [64] for limiting exposure 
in the frequency range of 1 Hz - 100 kHz, the internal electric field strength (the electric field inside the tissues) has 
been introduced to replace the electric current density as a quantity to restrict the excitation of nerve and other 
electrically sensitive cells in [65]. Extensive research has been conducted to investigate the potential effects of 
electromagnetic fields (EMFs) on human health. Scientists have employed various methodologies, including 
epidemiological studies, laboratory experiments, and in vitro investigations, to explore this topic. Here is an 
overview of the research conducted on the effects of EMFs on human health.  
Vitro Studies: Previous studies have shown that MEL exhibits a protective effect against EMF-induced oxidative 
stress [66]. [67], showed that MEL reduced neuronal damage in the hippocampus induced by 900-MHz EMF. 
[68], showed that exposure to 900-MHz EMF led to mild skin alterations [69]. Human blood lymphocytes 
Decreased background levels of p53 binding protein 1 foci and may indicate reduced accessibility of 53BP1 to 
antibodies because of stress-induced chromatin condensation. In vitro studies involve exposing isolated cells or 
tissues to EMFs in controlled laboratory settings. These studies aim to understand the direct effects of EMFs on 
cellular processes and functions. While some studies have reported cellular changes in response to EMF exposure, 
the relevance of these findings to real-world scenarios and their implications for human health are still under 
investigation [70].  

Reviews and Expert Assessments 
Various scientific organizations and expert panels have conducted comprehensive reviews of the existing research 
on EMFs and human health. These reviews often provide an analysis and evaluation of the available evidence and 
aim to derive conclusions and recommendations. Organizations such as the International Agency for Research on 
Cancer (IARC), the World Health Organization (WHO), and the International Commission on Non-Ionizing 
Radiation Protection (ICNIRP) have conducted such assessments and provided guidelines and recommendations 
based on the available evidence. Several laboratory studies have indicated mechanisms of action for RF radiation 
carcinogenesis such as DNA repair, oxidative stress, downregulation of mRNA, and DNA damage with single-strand 
breaks [71]. A report was released from The National Toxicology Program (NTP) under the National Institutes of 
Health (NIH) in the USA on the largest-ever animal study on cell phone RF radiation and cancer [72]. An increased 
incidence of glioma in the brain and malignant schwannoma in the heart was found in rats. Acoustic neuroma or 
vestibular schwannoma is a similar type of tumor as the one found in the heart, although benign. Thus, this animal 
study supported human epidemiological findings on RF radiation and brain tumor risk [73]. The IARC cancer 
classification includes all sources of RF radiation. The exposure from mobile phone base stations, Wi-Fi access 
points, smartphones, laptops, and tablets can be long-term, sometimes around the clock, both at home and school. 
For children, this risk may be accentuated because of a cumulative effect during a long lifetime use [74]. Despite the 
IARC evaluation little has happened to reduce exposure to RF fields in most countries. On the contrary, with new 
technology increasing environmental exposure levels are found in measurements of ambient RF radiation at e.g. 
Stockholm Central Station and Stockholm Old Town in Sweden [75]. The exposure guideline used by many 
agencies was established in 1998 by the International Commission on Non-Ionizing Radiation Protection (ICNIRP) 
and was based only on established short-term thermal (heating) effects from RF radiation neglecting non-thermal 
biological effects. The heating effects arise when radiation is so high that it warms up the whole body by 1°C or 
more after 30 min exposure at 4 W/kg specific absorption rate. The guidelines are set with a safety factor of 50 for 
the general public.  

Future Research Directions and Gaps 
The field of EMF research continues to evolve, and there are ongoing efforts to further investigate the potential 
health effects. Researchers are exploring new methodologies, including advanced exposure assessment techniques, 
long-term cohort studies, and experimental studies with improved control over exposure conditions. Additionally, 
there is a growing interest in investigating the effects of cumulative exposure to multiple sources and the potential 
interactions between EMFs and other environmental factors.  
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It is important to note that the research on the effects of EMFs on human health is complex and ongoing. While 
some studies have reported potential associations between EMF exposure and adverse health effects, the overall 
scientific consensus is that the evidence is limited, inconsistent, and inconclusive. Further research is necessary to 
better understand the potential risks and establish definitive causal relationships. Regulatory agencies continue to 
monitor the research and update guidelines based on the evolving scientific understanding. My work will outline 
the various gaps in previous research and further look critically at the various radiation sources that humans come 
across daily by using hematological parameters from laboratory analysis.  

EMF Exposure and Health Impacts 
There is ongoing scientific debate about the health effects of EMF exposure from sources like power lines, wireless 
technologies, and electronic devices [76]. Some studies have suggested potential links between EMF exposure and 
an increased risk of certain health conditions, such as cancer, neurological disorders, and reproductive issues. 
However, the evidence remains inconclusive. The World Health Organization classifies EMFs as "possibly 
carcinogenic to humans," indicating that there is limited evidence of a cancer risk, but more research is needed [77].  

Potential Biological Effects 
EMFs may interfere with the normal function of cells and tissues in the body by inducing small electrical currents 
or altering the behavior of charged particles. This could potentially lead to oxidative stress, changes in gene 
expression, and disruptions to hormone and immune system regulation. However, the mechanisms by which EMFs 
may cause biological effects and translate to health outcomes are not yet fully understood [78]. 

Vulnerable Populations 
Some studies suggest that certain groups, such as children, pregnant women, and those with pre-existing medical 
conditions, may be more susceptible to the potential health effects of EMF exposure. The developing brains and 
bodies of children may be more vulnerable to EMF-induced changes. The scientific community continues to debate 
the health risks of EMF exposure, as the existing research has produced mixed and inconclusive results [79]. More 
high-quality, long-term studies are needed to establish clear causal links between EMF exposure and specific health 
outcomes. In the meantime, some health organizations recommend precautionary measures to minimize EMF 
exposure, particularly for vulnerable populations. While there are ongoing concerns about the potential health 
effects of EMF exposure, the scientific evidence remains inconclusive. Continued research and monitoring are 
necessary to better understand the potential risks and develop appropriate public health guidelines [80]. 

CONCLUSION 
while the effects of electromagnetic fields (EMFs) on human health remain a subject of ongoing debate and research, 
the current evidence remains inconclusive. EMFs from both natural and man-made sources are prevalent in modern 
society, and although certain forms of EMF exposure, particularly from high-frequency radiation, are known to pose 
health risks, the effects of non-ionizing EMFs at low levels are still not fully understood. Research has explored a 
wide range of potential health concerns, including cancer, neurological disorders, reproductive health, and immune 
function, with mixed results. Despite some studies suggesting possible associations between EMF exposure and 
adverse health outcomes, the overall scientific consensus is that the evidence is insufficient to establish clear causal 
links. Further rigorous research, taking into account the complexity of exposure levels, individual susceptibility, and 
long-term effects, is essential to comprehensively understand the health implications of EMFs and guide future 
policy and safety regulations. 
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