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The Electromagnetic Spectrum -1 

 

 

 

 

The Electromagnetic Wave. 
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ΗΛΔΚΣΡΟΜΑΓΝΗΣΙΚΗ ΑΚΣΙΝΟΒΟΛΙΑ 
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The Electromagnetic Spectrum -1 

 

Δλέξγεηα Φσηνλίνπ πνπ πξνθαιεί Ινληζκό:
 Δion > 12 eV  

Ινληζκόο:  f > Δion / h = 3.10
15

 Hz = 3000 THz  

Πάλσ από ην Τπεξηώδεο 

Νόκνο ηνπ Plank  E = h.λ = h.f  Plank’s constant  h = 6.626196.10
-34

 Joule.sec= 

4.1357. 10
-15

 eV/Hz 

Φσηόλην Μηθξνθπκάησλ  Έζησ f = 10 GHz,   =>     Δ = 41.357.10
-6

 eV = 0.000041357 eV. 
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Safety Levels for Radiofrequency Energy 

What levels of radiofrequency (RF) energy are considered safe? 

 Countries set their own national standards for exposure to electromagnetic 
fields. 

 The majority of these national standards draw on the guidelines set by the 
International Commission on Non-Ionizing Radiation Protection 
(ICNIRP). 

  ICNIRP is a non-governmental organization that evaluates scientific 
results from all over the world and is formally recognised by the World 
Health Organisation (WHO).  

 Europe uses guidelines developed by the International Commission on 
Non-Ionizing Radiation Protection (ICNIRP).  

 Currently, the World Health Organization is working on a framework for 
international harmonization of RF safety standards. 

 ICNIRP has identified a whole-body Specific Absorption Rate (SAR) 
value of 4 watts per kilogram (4 W/kg) as a threshold level of 
exposure after which harmful biological effects may occur.  

SAR = (ζ/ξ).Δ
2 

 ζ = electrical conductivity of the tissue;  

 ξ = tissue density;  

 E = effective electric field strength in V/m. 

 In addition, guidelines vary depending on the frequency of the RF 
exposure.  

 This is due to the finding that whole-body human absorption of RF energy 
varies with the frequency of the RF signal.  

 The most restrictive limits on whole-body exposure are in the frequency 
range of 30-300 MHz where the human body absorbs RF energy most 
efficiently. 

 ICNIRP Limit: This is a guideline for the maximum permitted power density 
of nonionizing radiation for public exposure.  

 The guideline is frequency dependent and is currently defined as: 
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CELL PHONES EXPOSE BRAIN CELLS TO BLOODSTREAM POSIONS 

A study by Finish scientist Darius Leszczynski published in the journal Differentiation 

shows that several hundred chemicals operating in a certain type of human brain cells could 

be altered by the weak microwaves broadcast by mobile phones. 

The blood-brain barrier normally keeps toxins and microorganisms circulating in the 

blood out of the brain. But Prof Leszczynski found that at the legal limit for mobile 

radiation, a blood-brain barrier protein named HSP 27 became ineffectual in keeping 

blood poisons out of brain cells. [The Guardian June20/02] 

Proteins found in the blood can, if they get to the brain, cause autoimmune diseases such as 

Fibromyalgia and Multiple Sclerosis. Damaged nerve cells could also lead to dementia, 

premature aging, and Parkinson's disease. Brain cells inflamed by cell phone conversations 

are also indirectly be linked to Alzheimer's disease. 

In addition to these potential personal disasters, medication that under normal circumstances 

wouldn't be able to penetrate the blood-brain-barrier could do so and cause damage. [British 

Library Net Sept14/03] 
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The blood–brain barrier (BBB). The BBB is created by the tight apposition of 

endothelial cells lining blood vessels in the brain, forming a barrier between the 

circulation and the brain parenchyma (e.g. astrocytes, microglia). Blood-borne immune 

cells such as lymphocytes, monocytes and neutrophils cannot penetrate this barrier. A 

thin basement membrane, comprising lamin, fibronectin and other proteins, surrounds the 

endothelial cells and associated pericytes, and provides both mechanical support and a 

barrier function. Thus, the BBB is crucial for preventing infiltration of pathogens and 

restricting antibody-mediated immune responses in the central nervous system, as well as 

for preventing disorganisation of the fragile neural network. This, together with a 

generally muted immune environment within the brain itself, protects the fragile neuronal 

network from the risk of damage that could ensue from a full-blown immune response. 

On rare occasions, pathogens (e.g. viruses, fungi and prions) and autoreactive T cells 

breach the endothelial barrier and enter the brain. A local innate immune response is 

mounted in order to limit the infectious challenge, and pathogens are destroyed and cell 

debris is removed, a vital process that must precede tissue repair
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Blood-brain barrier 
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ΟΡΙΑ ΕΚΘΕΣΗΣ 
 

ΔΤΡΩΠΑΪΚΗ ΝΟΜΟΘΔ΢ΙΑ 

• ΢ύζηαζε ηνπ ΢πκβνπιίνπ ηεο Δπξσπατθήο Έλσζεο L 199 
(1999/519/EC), 30-7-1999. 

«Πεξί ηνπ πεξηνξηζκνύ ηεο έθζεζεο ηνπ θνηλνύ ζε 
ειεθηξνκαγλεηηθά πεδία (0Ηz – 300GHz)» 

 

 

ΔΛΛΗΝΙΚΗ ΝΟΜΟΘΔ΢ΙΑ 

• Κνηλή Απόθαζε ππ’ αξηζ. 53571/3839  
ησλ Τπνπξγώλ Αλάπηπμεο, Y.ΠΔ.ΥΩ.∆.Δ., Τγείαο θαη Πξόλνηαο, Μεηαθνξώλ 
θαη Δπηθνηλσληώλ (ΦΔΚ 1105/Β/6-9-2000) κε ζέκα  

«Μέηξα πξνθύιαμεο ηνπ θνηλνύ από ηε ιεηηνπξγία θεξαηώλ 
εγθαηεζηεκέλσλ ζηε μεξά»  
κε ηελ νπνία εηζάγνληαη ζηελ Διιεληθή Ννκνζεζία  

 ηα όξηα ηεο Δπξσπατθήο Έλσζεο γηα ηελ έθζεζε ηνπ θνηλνύ ζε 
ειεθηξνκαγλεηηθή αθηηλνβνιία θαη  

 νξίδνληαη κεραληζκνί ειέγρνπ γηα ηα επίπεδα ηεο ειεθηξνκαγλεηηθήο 
αθηηλνβνιίαο πνπ εθπέκπεηαη από ηνπο ζηαζκνύο θεξαηώλ όισλ ησλ 
εηδώλ. 

 

• Νόκνο 3431 (ΦΔΚ 13/Α/3-2-2006)  
«Πεξί Ηιεθηξνληθώλ Δπηθνηλσληώλ θαη άιιεο δηαηάμεηο», 

  άξζξν 31 
«Ρπζκίζεηο ζρεηηθά κε ηελ εγθαηάζηαζε θεξαηώλ». 

΢ύκθσλα κε ην άξζξν ηα Διιεληθά όξηα γηα ηελ έθζεζε ηνπ θνηλνύ 
ηίζεληαη ζην: 

 70% ησλ νξίσλ ηεο Δπξσπατθήο Έλσζεο γηα ηνπο ζηαζκνύο 
θεξαηώλ πνπ βξίζθνληαη ζε απόζηαζε κεγαιύηεξε ησλ 300 
κέηξσλ από ηελ πεξίκεηξν ησλ θηηξηαθώλ εγθαηαζηάζεσλ 
ζρνιείσλ, βξεθνλεπηαθώλ ζηαζκώλ, λνζνθνκείσλ θαη 
γεξνθνκείσλ θαη ζην 

60% ησλ νξίσλ ηεο Δπξσπατθήο Έλσζεο γηα ηνπο ζηαζκνύο 
θεξαηώλ πνπ βξίζθνληαη ζε απόζηαζε κηθξόηεξε ησλ 300 κέηξσλ 
από ηηο εγθαηαζηάζεηο απηέο. 
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ICNIRP 

Γηεζλήο Δπηηξνπή γηα ηελ Πξνζηαζία από ηηο Με Ινλίδνπζεο 
Αθηηλνβνιίεο 

Ιnternational Commission on Non Ionizing Radiation Protection 
ICNIRP 
Eπίζεκα αλαγλσξηζκέλε, κε θπβεξλεηηθή νξγάλσζε από: 

 ηελ Παγθόζκηα Οξγάλσζε Τγείαο,  

 ην ∆ηεζλέο Γξαθείν Δξγαζίαο θαη  

 ηελ Δπξσπατθή Έλσζε. 
Έρεη σο κέιε δηεζλώο αλαγλσξηζκέλνπο επηζηήκνλεο πνπ θαιύπηνπλ ηηο 
επηζηεκνληθέο πεξηνρέο ηεο ηαηξηθήο,ηεο βηνινγίαο, ηεο επηδεκηνινγίαο, ηεο 
θπζηθήο θαη ηεο κεραληθήο. 
 

Πσο πξνέθπςαλ ηα όξηα ηεο ICNIRP; 
Η ICNIRP,  

 Δμέηαζε ην ζύλνιν ησλ δεκνζηεπκέλσλ εξεπλώλ ζρεηηθά κε ηηο 
βηνινγηθέο επηδξάζεηο ηεο ειεθηξνκαγλεηηθήο αθηηλνβνιίαο 
ξαδηνζπρλνηήησλ,  

 Καηέιεμε όηη νη κόλεο επηδξάζεηο πνπ ζα κπνξνύζαλ λα 
ρξεζηκνπνηεζνύλ σο βάζε γηα ηελ ζέζπηζε νξίσλ έθζεζεο ησλ 
αλζξώπσλ είλαη απηέο πνπ νθείινληαη ζηελ αύμεζε ηεο ζεξκνθξαζίαο 
ησλ ηζηώλ από ηελ απνξξόθεζε ηεο ειεθηξνκαγλεηηθήο ελέξγεηαο από 
ην ζώκα. 

 Θεσξήζεθε όηη νη δπζκελείο βηνινγηθέο επηδξάζεηο πξνθύπηνπλ κε ηελ 
αύμεζε ηεο ζεξκνθξαζίαο ηνπ ζώκαηνο θαηά 1νC.  

1. Η αύμεζε απηή γίλεηαη κε ηελ απνξξόθεζε ελέξγεηαο από ην αλζξώπηλν 
ζώκα κε ξπζκό κεγαιύηεξν από 4W/kg. 

2. Γειαδή, γηα έλαλ άλζξσπν 80kg κε ξπζκό 320W.  
Λακβάλνληαο ππόςε όηη  

1. Δλδερνκέλσο θάπνηεο νκάδεο πιεζπζκνύ λα είλαη πην εππαζείο θαη όηη  
2. Γελ απνθιείεηαη ε έθζεζε λα ιακβάλεη ρώξα ζε ήδε επηβαξεκέλνπο 

ρώξνπο κε απμεκέλε ζεξκνθξαζία ή πγξαζία ή θαηά ηελ δηάξθεηα 
έληνλεο άζθεζεο,  

επέιεμαλ έλαλ ζπληειεζηή αζθαιείαο 50 

ζηε ζέζπηζε ησλ νξίσλ έθζεζεο ηνπ θνηλνύ.  
Έηζη, πξνέθπςε  

ν βαζηθόο πεξηνξηζκόο γηα ηελ έθζεζε ηνπ θνηλνύ ζε 0,08W/kg,  
δειαδή γηα έλαλ άλζξσπν 80kg ην όξην ηνπ ξπζκνύ απνξξόθεζεο 
ειεθηξνκαγλεηηθήο αθηηλνβνιίαο είλαη 6,4W.  
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ICNIRP 

Γηα λα κελππάξρνπλ πεξηνρέο ηνπ ζώκαηνο ζηηο νπνίεο λα εκθαλίδεηαη ηνπηθά 
πςειή απνξξόθεζε ελέξγεηαο πξνβιέπνληαη νη  

Πεξηνξηζκνί θαη γηα ηνλ κέγηζην ηνπηθό ξπζκό απνξξόθεζεο 
1. ζε 2W/kg γηα ην θεθάιη θαη ηνλ θνξκό θαη  
2.  ζε 4W/kg ζηα άθξα ηνπ ζώκαηνο. 

 
΢ε παξόκνηα ζπκπεξάζκαηα θαη όξηα γηα ηελ έθζεζε ζηελ ειεθηξνκαγλεηηθή 
αθηηλνβνιία έρνπλ θαηαιήμεη θαη άιινη δηεζλείο επηζηεκνληθνί θνξείο, όπσο  

 Σν IEEE (Institute of Electrical and Electronic Engineers –  
Ίδξπκα Ηιεθηξνιόγσλ θαη Ηιεθηξνληθώλ Μεραληθώλ),  

 ην NRPB (National Radiological Protection Board –  
Δζληθό ΢πκβνύιην Ραδηνινγηθήο Πξνζηαζίαο) ηεο Μεγάιεο 
Βξεηαλίαο. 

 
Πίλαθαο. Βαζηθνί πεξηνξηζκνί ηεο ΢ύζηαζεο ηεο Δπξσπατθήο Έλσζεο  
γηα ηελ απνξξνθνύκελε ελέξγεηα ζην ζώκα ελόο αλζξώπνπ πνπ 
θαηαηάζζεηαη ζην γεληθό θνηλό. 
 

 
 

1. Η ICNIRP είλαη κηα κόληκε επηηξνπή πνπ παξαθνινπζεί ζπλέρεηα ηηο 
εμειίμεηο ζρεηηθά κε ηηο επηδξάζεηο ηεο ειεθηξνκαγλεηηθήο αθηηλνβνιίαο 
ζηνλ άλζξσπν. 

2. Σα όξηα απηά ηζρύνπλ όηαλ ε έθζεζε ζηελ ειεθηξνκαγλεηηθή 
αθηηλνβνιία είλαη ζπλερήο θαη κόληκε.  

3. Οη ηηκέο ησλ νξίσλ αλαθέξνληαη σο ρξνληθόο κέζνο όξνο νπνηνπδήπνηε 
εμαιέπηνπ έθζεζεο. 
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Basic restrictions and reference levels 

Basic restrictions 

 In many documents, the basic limits (“basic restrictions”) are expressed in quantities 
such as the specific absorption rates (SAR),  

 since these are intended to be closely related to the biological impact.  

Σύσταση Σσμβοσλίοσ Εσρώπης, 1999/519/ΕΚ  

(¨Ορια για το γενικό πληθυσμό) 
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Reference levels 

 In order to simplify compliance testing, these biologically effective 
quantities are converted into external field levels and power densities 
(“reference levels”),  

 These are based on dosimetry and worst case situations.  

 Thus, compliance with these reference levels ensures that also the basic restrictions 
are complied with.  

 Failure to comply with the reference levels, on the other hand, does not necessarily 
mean that the basic restrictions are not complied with - this must then be investigated.  

 Having in mind the distances involved (compare figure 6), only reference levels will be 
discussed here.  

 In some documents (e.g. from Italy), limits are only expressed in external field levels. 
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Near field and far field situations 

 

 The physics of electromagnetic 
emission from an antenna produces 
different circumstances for 
measurements depending on the 
distance R from the source. 

 For practical purposes, this is 
commonly described as the existence 
of three zones  

 Figure 6. Illustration of three zones: 

 Reactive near field,  

 R < λ/2π 

 Radiative near field  

 λ/2π < R < 2D2/λ 

 Radiative) Far field, 

 R > 2D2/λ 

  D = largest dimension of  

 ι = wavelength (33 cm for 900 MHz) 

 . SAR = Specific Absorption Rate. 
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Near field and far field 
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Comparison of limits for radio-frequency fields (COST-244) 

 Figure 8 describes graphically the general public limits of the reviewed documents for 
the electric field strengths between 0.1 MHz and 300 GHz.  

 

Figure 8: Overview on limits of the electric field strength reference levels for the general 
public from 0.1 MHz up to 300 GHz. 

  
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Comparison of limits for radio-frequency fields (COST-244) 

 Figure 9 describes graphically the general public limits of the reviewed documents for 
the electric field strengths between 100 MHz and 10 GHz.  

 

Figure 9: Overview on limits of the electric field strength reference levels for 
the general public from 100 MHz up to 10 GHz. 

 As seen in figures 8 and 9, there is a substantial frequency variation in these levels in 
some guidelines. 

 Essentially those that are primarily based on restricting the SAR levels. 

 Across the frequency range between 100 kHz and 10 GHz, this basic restriction in 
SAR is the same exposure according to ICNIRP, 1998: 

 0.08 W/kg fore general public 

 But the coupling of the external field (=the ability for a field level to cause a certain 
SAR level) is at its maximum between some 20 MHz and some few hundred MHz – 
the so-called resonance range.  

 Accordingly, most reference levels shown in figures 8 and 9 are at a minimum at these 
frequencies, and do increase at lower and higher frequencies, where the ability of the 
external fields to pass into the body diminishes. 
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Comparison of limits - Different Countries (COST-244) 

 Comparing in figure 8 the electric field strength limits of different document 
in the intermediate frequency range from 0.1 to 1 MHz, differences of up 
to three orders of magnitude can be found.  

 This is mainly caused by different protection concepts applied by the 
different national authorities or committees.  

 A central distinction is that between: 

A. Exposure limits based on scientific evaluation of health based data, 

B. Other documents based on social and political considerations 

 such as the ones issued by the Italian Ministry of Environment (Italy 1 
98 and Italy 2 98), which applied another protection concept largely 
based on social and political considerations resulting in much lower 
limits.  

 A second distinction is that between those: 

C. Guidelines intended to restrict a biologically relevant exposure parameter 
(e.g. SAR levels) – and where as a consequence the reference levels vary 
with frequency (see above),  

D. Guidelines where the primary objective is to restrict the external field 
levels. 

Different Countries 

 In Italy, two limits for the general public are in force based on the concept 
that additional precautionary measures have to be applied in buildings 
used for periods of more than four hours:  

 Italy 1,  98, general limits, periods less than four hours 

 Italy 2,  98. periods of more than four hours 

 UK has recently adopted guidelines based on the ICNIRP (1998) 
recommendations  

 However, in UK, 1993 the National Radiation Protection Board (NRPB, 
1993): 

  took short term effects as a basis for his limits;  

 have not, in contrast to e.g. ICNIRP (1998) limits, introduced additional 
reduction factors for general public exposure,  

 but uses the same levels as for occupational exposure – which in 
principle are a factor 5 higher in power density (and a factor of √5 ≈ 2.2 
higher for electric fields) 
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Typical Exposure Levels 

 The strongest power frequency electric fields commonly encountered are 
beneath high voltage transmission lines.  

 Strongest magnetic fields at power frequency are normally found very 
close to motors and other electrical appliances, specialized medical 
equipment, etc. 
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Note: 

   Magnetic field strength around all appliances rapidly decreases the further 
you get away from them. 

   Most household appliances are not operated very close to the body. 

  At a distance of 30 cm the magnetic fields surrounding most household 
appliances are more than 100 times lower than the given guideline limit of 
100 µT at 50 Hz (83 µT at 60 Hz) for the general public. 

 Field strength does not depend on how large, complex, powerful, noisy a 
device is. 

 Magnetic field strengths vary between makes of hairdryers, etc due to 
product design. 

 

ICNIRP Limit: 

 
 Electromagnetic field levels vary with frequency in a complex way so one 

can not sensibly list every value in every standard and at every frequency.  

 The following table lists exposure guidelines for the three areas of public 
concern: electricity in the home, mobile phone base stations and 
microwave ovens. 
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Typical maximum public exposure of common sources 

 The following table lists most common sources of electromagnetic fields 
 All values are maximum levels of public exposure – normal exposure is 

likely to be much lower. 

Note: 

1. World Health Organisation literature states there is no specific level beyond which 

exposures become instantaneously and immediately hazardous – rather the 

potential risk to human health gradually increases with higher exposure levels. ie 

guidelines indicate that, below a given threshold, electromagnetic field exposure 

is safe according to scientific knowledge. However, it does not automatically 

follow that, above the given limit, exposure is harmful. 
2. Guidelines are set for the average population and do not address the 

requirements of a minority of potentially more sensitive people. For example, 
air pollution guidelines do not take into account the needs of asthmatics 
and electromagnetic field guidelines are not designed to protect people 
from interference with implanted medical electronic devices such as 
pacemakers. 
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ΔΞΟΠΛΙ΢ΜΟ΢ ΜΔΣΡΗ΢ΔΩΝ 
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