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Biological Effects of Low-intensity Radiofrequency 

Electromagnetic Radiation  

Time for a Paradigm Shift in Regulation of Public Exposure 
 



RF-EMR Exposure has Skyrocketed!  

Natural background RF-EMR: 
  <10-15 W/m2 

 

100 ς 200 m from Mobile Phone 
Base Station:  
  7.5  x  10-2 W/m2 

 

 
At 0.3m from a WiFi laptop :       
  4.7 x 10-2 W/m2 
 
 

ARPANSA standard :   
  2 -10 W/m2 
 
Bioinitiative  recommendation:
  3 x 10-5 W/m2 
 

Raines, J. K. Electromagnetic field interactions with 
the human body: observed effects and theories. 
National Aeronautics and Space Administration 
(NASA), Goddard Space Flight Center, Greenbelt, 
Maryland 20771 (1981), Fig. 3, pp 9. 



RF-EMR Exposure Varies by Orders of Magnitude 

RF exposure (˃²/m2) at Stockholm Central 
Station, Sweden. Mean exposure 2,817  
˃²/m2  (2.8 x 10-3 W/m2).  
Red line: exposure limit of 30 ˃ ²/m2 
suggested by the Bioinitiative Report.  
9 November 2015. 

At the World Health Organization, 
Geneva, Switzerland. Mean 21.5 
˃²/m2 (2.1 x 10-5 W/m2).  
3 March 2017.  
EME Spy 200 exposimeter (88-5,850 
MHz) used. 

Hardell, L. Internat  J Oncol. 51, 405-413, doi:10.3892/ijo.2017.4046 (2017)  



Australian Radiation Protection 
and Nuclear Safety Agency 
(ARPANSA) has set exposure 
standards (RPS3 - 2002) 
Å Based on 1998 guidelines of 

the International Commission 
on Non-Ionizing Radiation 
Protection (ICNIRP) 

Å Based on short-term thermal 
(heating) effects  

Å 6 minutes 

Current Thermal Regulation of Public Exposure 

Stanadard Anthropometric Man 





bƻ {ŎƛŜƴǘƛŦƛŎ /ƻƴǎŜƴǎǳǎ ƻƴ ά{ŀŦŜ [ƛƳƛǘǎέ ƻŦ 
RF-EMR 

Å Exposure standards/guidelines vary between countries 
by up to 1000 times 
 

Å 225 EMF scientists from 41 countries have appealed to 
the WHO and the UN for biologically-based exposure 
guidelines ς International EMF Scientist Appeal  



Mobile phone radiation alters brain glucose 
metabolism  

Brain Glucose Metabolic Images Showing Axial Planes at the Level of the 
Orbitofrontal Cortex. Glucose metabolism in right orbitofrontal cortex was higher for 
ǘƘŜ άƻƴέ ǘƘŀƴ ŦƻǊ ǘƘŜ άƻŦŦέ ŎƻƴŘƛǘƛƻƴ  (Volkow N et al., JAMA. 2011; 305(8): 808ς813). 

 

NIH USA 
study 
47 healthy 
participants. 
άƻƴέΥ  рл Ƴƛƴ 
mobile 
phone 
exposure on 
right side 
 



Investigating RF-EMR Effects at Cellular and Subcellular 
Level 

Image credit: Pearson Education Inc, Benjamin Cummings.  



Biological Effects hŎŎǳǊ ŀǘ άƭƻǿ ƛƴǘŜƴǎƛǘȅέ 9ȄǇƻǎǳǊŜǎ 

Å Increase cellular Oxidative Stress 
Å Change membrane voltage-gated ion channels 
Å Alter gene expression -  mRNA, protein 
Å Genotoxic effects (DNA damage) 
Å Cell membrane damage - blood brain barrier 
Å Metabolic ,immune, hormonal disruption 
Å Sperm damage 
Å Neuro-behavioural  problems 
Å Cancer initiation/promotion 



Low-intensity RF-EMR Causes Oxidative Stress in Cells 

Barnes F and Breenebaum B. IEEE Power Electronics Magazine, March 2016: 60-68. 
 

Emeritus Prof. Frank Barnes, Uni of 
Colorado, former Chair of  Electronic 
Devices Society of IEEE, Vice President 
of IEEE publication activities. 
Emeritus Prof. Ben Greenebaum, Uni 
of Wisconsin-Parkside, former long-
serving Editor-in-Chief of 
Bioelectromagnetics 
 



 

 

 

Our Review of Oxidative Stress Studies 

ÅOur database contains over 2400 studies at present 
(http:// www.orsaa.org/resources.html) 

ÅAnalysed studies  with endpoints related to oxidative stress ς 25 
July 2017 



Oxidative Stress Studies 

Å242 studies investigating OS 
ÅOnly one before the year 2000 
Å55 (23%) between 2005-2009 
Å173 (72%) since 2010 

 
 



Low Intensity RF-EMR Causes Oxidative Stress in Cells 

ÅReview  reported 93 out of 100 studies to find RF-EMR to cause 
Oxidative Stress (OS) Yakymenko, I. et al. Electromag Biol Med. 35, 186-202 (2015) 

ÅWe found 216 positive studies and 26 negative studies  
 
 



Oxidative Stress 
Studies ς Origin 

Å242 studies  done in 29 
countries 

ÅAustralia only 1 study 
ς Effect 

ÅUSA ς 7 out of 8 Effect 

ÅChina all 26 Effect 

Å India all 35 Effect 

ÅTurkey ς 76 out of 80 
Effect 

 

Country Total # 

Papers 

Effect Papers No Effect Papers 

Australia 
1 1 0 

Bulgaria 
1 1 0 

Brazil 
6 1 5 

Switzerland 
2 2 0 

China 
26 26 0 

Germany 
2 0 2 

Egypt 
9 9 0 

Finland 
3 2 1 

France 
2 1 1 

Greece 
2 2 0 

Croatia 
5 5 0 

India 
35 35 0 

Iran 
11 11 0 

Israel 
4 3 1 

Italy 
4 2 2 

Jordon 
1 1 0 

Japan 
1 0 1 

Korea 
8 4 4 

Nigeria 
5 5 0 

Oman 
1 1 0 

Poland 
4 4 0 

Russia 
4 3 1 

Saudi Arabia 
4 2 2 

Serbia 
5 5 0 

Tunisia 
4 4 0 

Turkey 
80 76 4 

Ukraine 
3 3 0 

United States 
8 7 1 

South Africa 
1 0 1 

 Total 242 216 26 

 

 

 



Oxidative Stress and its Implications in Health 

Maintaining  the Redox Homeostasis is critically important for cellular 
health  
>> disruption in favour of pro-oxidants causes oxidative stress 
>> direct damage to biomolecules and disrupt biological functions 
 
Image of scale credit: Julia Hansen (Stock Vector) 

Normal cell physiology ς Redox equilibrium Oxidative Stress ς cell physiology disrupted 

ROS 
and 
RNS 

ROS 
and 
RNS 

Antioxidants 

Antioxidants 



V E R U M 
STIFTUNG FÜR VERHALTEN UND UMWELT 

 Proof of principle tests  -  International EMF Conference  -  Stavanger, Norway  -  Nov 17, 2009  -  page 16                     

Risk Evaluation of  Potential Environmental Hazards  

From Low Energy Electromagnetic Field E xposure Using 

Sensitive in vitro  Methods  
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V E R U M 
STIFTUNG FÜR VERHALTEN UND UMWELT 

 Proof of principle tests  -  International EMF Conference  -  Stavanger, Norway  -  Nov 17, 2009  -  page 17                     

© Clinical Chemistry, Free University of Berlin 

sham exposure gamma-radiation  0.5 Gy 

RF-EMF: 1800 MHz; SAR 1.3 W/kg; 24h 

DNA Damage Shown by Comet Assay  

1600 chest X-rays 

Mobile phone 24 hr 

ICNIRP 2 W/kg 

Diem E et al., Non-thermal DNA breakage by mobile-phone radiation (1800 MHz) in human 

fibroblasts and in transformed GFSH-R17 rat granulosa cells in vitro. Mutat Res. 

2005;583(2):178-83. 


