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ABSTRACT  
Both natural and artificial extremely low frequency (ELF) electromagnetic fields (EMF) are reportedly found to be biologically active. 
Exposure effects of high frequency and high intensity EMFs especially from microwave devices and mobile phones are popularly 
discussed and researched as compared to exposure effects of ELF EMFs. Increased use of electricity during previous decades is 
causing greater or forced exposure to ELF EMFs. Exposure assessment of ELF EMFs in terms of health effects has proved to be a new 
area of research. The present study deals with effects of ELF EMFs on brain activity, electrophysiological signals and anxiety related 
issues. Previous efforts in this regards are identified and explored to illustrate the effects. The new areas of research are identified 
which can be extremely interesting for medical, bioelectromanetics and electrical engineering streams. 
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Introduction 
 
Peoples are exposed to ELF EMF at their workplace as 

well as at the place of residence. Identifying biological 

effects on living bodies, due to exposure to ELF EMF have 

gained much attention of scientists during previous 

years. Exposure assessment studies were carried out by 

considering exposure due to natural sources as well as 

manmade sources. There have been certain evidences 

which show that ELFs from manmade[1] as well as 

natural[2] sources are absorbed in body and hazardous to 

health. There are sensible scientific evidences also to 

establish link between Schumann resonance and sunspot 

relations to human health effects.[3] Various international 

organizations have initiated the research to determine 

the exact link between ELF exposure and human 

health.[4] Exposure guidelines have been also set 

internationally.[5] Growing concern about possible health 

effects, have caused extensive organizational and 

individual efforts to be carried out in this regards. 

Detailed review of these efforts can be found out 

elsewhere.[6-8]  

 

However an effort to determine possible effects of   ELF 

EMF on brain activity, sleep disorders[9], different 

electrophysiological signals and creating state of anxiety 

is still in its infancy. Wide research scope always exists to 

study effect of ELF EMFs on the modulation of brain 

tissue functions[10], considering the set medical 

hypothesis of absorption of ELF EMF by human brain[2]. 

Few attempts have been made by researches to study the 

possible exposure associated effects on behaviour, 

anxiety and EEG. Present study was undertaken to 

generate detail information about efforts carried to 

determine proximity effects of ELF EMF on brain activity. 

Exposure to ELF EMF results in inducing internal fields 

in body. The particular threshold value of this internal 

field can be the triggering element which initiates 

biological changes. The Results of previous studies are 

inconsistent due to differences in exposure levels, 

durations and other experimental conditions. Apart from 

exploring the studies related to effect of ELF EMF on 

brain activity, this paper also suggests new areas of 

research in Bio-electromagnetism, Medical and public 

health studies. 

 

General Physiology 
 
The centre of brain consists of a pinecone shaped 

structure called pineal body or pineal gland. It is a 

sensitive biological watchdog in brain. The pineal gland 

secretes a hormonal signal called melatonin during the 

night in all species. Investigations[11] in both animals and 

humans have provided evidence that pineal gland plays 

important role in regulation of both the circadian and 

seasonal rhythms in variety of species. The hormonal 

activity associated with this gland plays role in body 

temperature, weight, tumoral growth and even life span 

too. Various in vivo, in vitro, human experimental and 

epidemiological studies carried out to identify effects of 

electromagnetic fields on melatonin are reviewed in as 

shown in table 1 and 2.[12] 
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Table-1: Studies of the effects of magnetic fields on melatonin 
production 

Exposure Effect 
‘Ion-cyclotron resonance’ 
for calcium[13] 

NA stimulation of melatonin production 
and release reduced 

50 μT, 60Hz for 12 h[14] NA stimulation of melatonin release 
reduced 

1 mT, 50Hz for 1 h[15] NAT activity decreased 
86 μT, 50Hz or 16.67 Hz 
for 8 h[16] 

Isoproterenol stimulation of melatonin 
production reduced 

1 mT, 50Hz for 4h[17] NA stimulation of melatonin release 
increased 

0.5 mT, 50 Hz for 4h[18] No effect on melatonin release 
 
Table-2: Studies of the effects of magnetic fields on responses of 
cells to melatonin or tamoxifen 

Exposure Effect 
1.2 μT, 60 Hz, for 7 
days[19,20] 

EMF exposure partially blocked melatonin 
(10 -9 M) inhibition in MCF-7 cells, Similar 
result with tamoxifen       (10 -7 M) 

1.2 μT, 60Hz for 7 days[21] EMF exposure partially blocked temoxifen 
(2.5 10 -8 M) inhibition of MCF-7 cells 

1.2 or 100 μT, 50Hz for 7 
days[22] 

Inhibition of DNA synthesis by melatonin 
(10 -11 M) partially blocked by 1.2 µT EMF 
exposure. 100 µT blocked cAMP inhibition 
by melatonin (10 -9 M) in MCF-7 celss 

0.3 mT pulsed for 20ms at 
2 Hz for 1 h repeated over 
3 days[23] 

Growth of MCF-7 cells unaffected  

 

Natural ELF EMF and EEG/Brain Activity 
 

Dr. Neil Cherry has investigated that resonant absorption 

of the SR signal in human brains is classically sensible 

because of the matching of oscillating frequency ranges 

of the SR spectrum and EEG rhythms.[3] The Schumann 

Resonance signal is generated by tropical thunderstorms 

and is a set of resonant modes within the resonant cavity 

formed between the earth's surface and the D-region of 

the ionosphere. It consists of a spectrum of ULF/ELF 

resonant peaks with a fundamental frequency of about 

7.8 Hz and broad resonant peaks typically at 14, 20, 26, 

33, 39, 45 and 51 Hz.[2] 

 

The first five SR modes (0-35 Hz) coincide with the 

frequency range of the first four EEG bands. The primary 

EEG frequency bands are: Delta, 0.5 to 4 Hz, Theta, 4-8 

Hz, Alpha, 8-13 Hz and 13 to 30 Hz.[24] Hence resonant 

absorption and reaction is biophysically plausible. Dr. 

Cherry also showed that there is evidence of a homeo-

static relation to neurological effects from altered S/GMA 

indices that are highly correlated with the SR signal 

intensity. Irena Cosic[25] investigated human electro-

physiological signal responses to ELF Schumann Reson-

ance signals. The results from this study have shown that 

frequencies between 8.8 and 13.2 Hz, which fall between 

peaks of the Schumann resonance, mainly correlate with 

analysed human electrophysiological signals. This study 

also confirms that the human body absorbs, detects and 

responds to ELF environmental EMF signals. 

Artificial ELF EMF and EEG/Brain Activity 
 

ELF EMFs are also produced by different manmade 

sources like power generating stations and equipments 

operating on electrical power. With increased speed of 

economy, power utilization has also increased many fold. 

Life on earth is extensively exposed to ELF EMF 

produced by these artificial sources. Set hypothesis of 

absorption of ELF EMF by human brain or body have 

attracted many researchers to identify the effects on 

these manmade ELF ELFs on electrophysiological signals 

like EEG. 

 
Study by D. Cvetkovic[26] has investigated whether 

extremely low frequency (ELF) electromagnetic fields 

(EMFs) can alter human brain activity. In this study 

linearly polarized magnetic flux density of 20μT (rms) 

was generated using a standard double Helmholtz coils 

and applied to the human head over a sequence of 1 

minute stimulations followed by one minute without 

stimulation in the following order of frequencies 50, 

16.66, 13,10, 8.33 and 4Hz. The results indicated that 

there was a significant increase in Alpha1, Alpha2, and 

Beta1 at the frontal brain region, and a significant 

decrease in Alpha2 band in parietal and occipital region 

due to EMF exposure. 

 
Elif Derya Übeyli, et al presented eigenvector methods 

for analysis of the photoplethysmogram (PPG), electro-

cardiogram (ECG), electroencephalogram (EEG) signals 

recorded in order to examine the effects of pulsed 

electromagnetic field (PEMF) at extremely low frequency 

(ELF) upon the human electrophysiological signal 

behaviour.[27] The features representing the PPG, ECG, 

EEG signals were obtained by using the eigenvector 

methods. 

 
Nicholas Perentos, et al in their study on effect of ELF 

radiation on the alpha band of the human resting EEG 

have considered the case of mobile phone emitted ELF 

fields.[28] Mobile phone handsets such as those operating 

in the GSM network emit extremely low frequency 

electromagnetic fields ranging from DC to at least 40 kHz. 

The influence of these fields on the human resting EEG 

has been investigated in a fully counter balanced, double 

blind, cross-over design study that recruited 72 healthy 

volunteers. A decrease in the alpha frequency band was 

observed during the 20 minutes of ELF exposure in the 

exposed hemisphere only. This result suggests that ELF 

fields as emitted from GSM handsets during the DTX 

mode may have an effect on the resting alpha band of the 

human EEG.  
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Conclusion 
 

 The review covered different sources of extremely 

low frequency electromagnetic fields and different 

hypothesis in relation to their effects on human 

health. 

 Literature review indicated that the strength and 

exposure duration of ELF EMF has been found to be 

playing key role in initiating effects related to brain, 

anxiety, sleep disorder, behavioural studies and 

electrophysiological signals. 

 Very Less researchers have identified the effect due 

to Electric field.  

 Wider scope of research is identified to establish 

exact link between ELF and EMF (especially electric 

field) and electrophysiological signal behaviour. 

Refined research can be still carried out in 

determining exact threshold value, different range of 

frequencies and exposure scenarios too. 
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