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Abstract: Identification of risks and potential effects of exposure to electromagnetic fields 

has aroused the interest of researchers in various fields to reduce or even eliminate them. 

However, the problems they raise, also, determined the need to regulate the exposure limits, 

thus establishing a series of regulations at the level of different states, of some national and 

international standards. The paper presents a comparative analysis of several national and 

international regulations regarding the exposure limits for the general public and for 

different working environments. 

 

 

 

1. INTRODUCTION 

  

Multiple uses of electricity make it essential for modern everyday life. But, over time, 

in addition to the undeniable positive effects, various forms of negative impact on humans and 

the environment have been observed and identified. 

Identification of risks and potential effects of exposure to electromagnetic fields has 

aroused the interest of researchers in various fields to reduce or even eliminate them. However, 

the problems they raise, also, determined the need to regulate the exposure limits, thus 

establishing a series of regulations at the level of different states, of some national and 

international standards. 

The paper presents a comparative analysis of several national and international 

regulations regarding the exposure limits for the general public and for different working 

environments. The methodology of this study consists in different methods, mainly literature 

review, data analysis, classification and problem identification.  
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2. EVOLUTION OF REGULATION ON LIMITING EXPOSURE TO  

ELECTROMAGNETIC FIELDS 

 

In order to prepare a regulation or a guideline for limiting exposure, different national 

or international organizations involved in such activities make an extensive review of relevant 

literature on health and biological effects.  

According to Directive 2013/35/EU, effects of electromagnetic fields on human body 

are direct biophysical effects and indirect effects. The first category includes non-thermal 

effects, thermal effects and limb currents [1]. Non-thermal effects, associated with different 

frequency and intensity, are vertigo, nausea (static magnetic fields), effects on sense organs (up 

to 100 kHz), effects on nerves, muscles (up to 10 MHz). Thermal effects in the form of heating 

is present also for intermediate frequencies (100 kHz – 10 MHz) and for high frequency fields 

(10 MHz and above). These effects are identified based on epidemiological, occupational, 

laboratory, volunteer, cellular and animal studies. 

Among the causes of the increase in environmental EMF levels presented by the World 

Health Organization are high voltage transmission lines, telecommunication and broadcast 

transmitters, radars, transportation systems and undersea power cables [2]. 

First countries that introduced regulations on limiting exposure to electromagnetic fields 

against adverse effect on workers and public were the former Soviet Union USSR and USA. 

The first standard developed and published in 1958 by the former Soviet Union regulated the 

limitation of RF exposure of workers [3]. In 1960, the American Standards Association 

approved the Radiation Hazards Standards project under the co-sponsorship of the Department 

of the Navy and the Institute of Electrical and Electronics Engineers [4]. 

In the following period, the number of countries concerned with this issue grew, 

conducting numerous studies on the effects and risks generated by exposure to electromagnetic 

fields. Over time, more and more organizations, globally, have addressed the issue of limiting 

exposure to the undesirable effects of electromagnetic fields (see Table 1). 

In 1974, International Radiation Protection Association IRPA formed a working group 

that analysed the problem of protection against non-ionizing radiation NIR [5] and in 1977, this 

group became the International Non-Ionizing Radiation Committee INIRC. This organization, 

in cooperation with Environmental Health Division of WHO developed a series of health 

criteria documents on NIR.  

In 1992, it became International Commission Non-Ionizing Radiation Protection 

ICNIRP and in 1998 released Guidelines for limiting exposure to time-varying electric, 

magnetic, and electromagnetic fields (up to 300 GHz).  

Starting from this moment a series of regulations, guidelines, recommendations and 

other documents were issued by national or international bodies, as the number of studies on 
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the effects of electromagnetic fields has increased, but also due to the growing public interest 

in the problems generated by the presence of electromagnetic fields (see Table 2). 

 

Table 1. International organisations involved in research or regulation of exposure 

 to electromagnetic fields 

 

 

In the same time, since 1998, WHO has started a project to harmonize EMF standards 

worldwide, involving 8 international organizations and over 45 countries, starting from the fact 

that there were large differences between the existing standards at that time, in some cases there 

were even differences of two orders of size [2]. 

Regarding the ICNIRP Guidelines, this document distinguished between occupational 

and general exposure limitations, introducing significantly different values for these types of 

exposure, justified by the following considerations: 

- general public includes persons of different ages, health conditions, 

- many members of that are unaware of their exposure to EMF and potential risks, 

- no expectations can be raised regarding the adoption by the general public of 

reasonable measures to minimize or avoid exposure. 
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Table 2. Regulations, recommendations, guidelines, and other documents related to exposure to 

electromagnetic fields 

 

 

Basic restrictions were based on health effects and the physical quantities used in this 

regard are specific absorption rate SAR, current density J, and power density S [5] (see Table 

3): 

- 1 Hz – 10 MHz – restrictions on current density to prevent effects on nervous system, 

- 100 k Hz – 10 GHz – SAR against whole-body heat stress and excessive localized 

tissue heating,  

- 10 – 300 GHz – power density – excessive heating in tissue at or near the body 

surface. 
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Table 3. Basic restrictions - ICNIRP Guidelines 

 
Retrieved and processed after ICNIRP Guidelines, 1998 

 

Reference levels are determined by extrapolation from the results of laboratory 

investigations or mathematical modelling from the basic restrictions, taking into account 

frequency, human body conductivity, size, shape, and position of the exposed body in the field 

(Table 4). 

Council Recommendation 1999/519/EC introduced for EU general public basic 

restrictions and reference levels on exposure to radiations emitted by electromagnetic fields, 

excepting optical radiation and ionising radiation. This document covers the area of static fields, 

extremely low frequency fields ELF and radiofrequency fields RF, including microwaves, in 

the frequency range of 0 Hz to 300 GHz [6].  

Basic restrictions on the exposure to time-varying fields, based on biological 

considerations and health effect, are represented by the specific absorption rate SAR, magnetic 

flux density B, current density J and power density S (See Table 5). 

Reference levels derived from basic restrictions are electric field strength E, magnetic 

field strength H, power density S and limb current IL. At certain frequencies, magnetic flux 

density B and power density S, are used as basic restrictions and reference levels. For pulsed 

fields it is used specific energy absorption SA (Table 6). 
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Table 4. Reference levels to time-varying electric and magnetic fields - ICNIRP Guidelines 

 

 

Table 5. Basic restrictions - Council Recommendation 1999/519/EC 

 

Source: Council Recommendation 1999/519/EC  
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Table 6. Reference levels - Council Recommendation 1999/519/EC 

 

Retrieved and processed after Council Recommendation 1999/519/EC 

 

In a study released in 2017, Stam identified three groups of countries in European 

Union, regarding the EMF policies in member states and their relationship with this 

recommendation, in what it concerns exposure of the general public [7]:  

- Group 1 - recommendation has been transposed in binding national legislation or 

national policy, 

- Group 2 - national limits based on recommendation or ICNIRP are not binding, there 

is no regulation or there are more lenient limits, and 

- Group 3 - stricter basic restrictions or reference levels based on precautionary 

principle or due to public pressure (see Table 7).  

 

Table 7. EMF Policies in EU Member States – exposure of general public 

 

Source: Edited based on Stam, R., Comparison of international policies on electromagnetic fields (power 

frequency and radiofrequency fields), 2017 
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On the other hands, related to occupational exposure, the EU Member States use 

national legislation based on directive 2013/35/EU, that established minimum requirements, 

but allowing, in the same time, the possibility to set stricter limits or rules. In this direction, 

there are two exceptions, Poland and Czech Republic that use different action levels or exposure 

limit values.   

In Spain, in 2001, it is issued a regulation, Real Decreto 1066/2001 [8], that established 

conditions for the protection of the public against radioelectric emissions, updated in 2017.  

There had been used as basic restrictions the restrictions on exposure to time-varying 

electric, magnetic, and electromagnetic fields, based directly on known health effects and 

biological considerations.  

In order to specify these constraints, there were used as physical quantities magnetic 

induction B, current density J, specific energy absorption index SAR and power density S (see 

Table 8). 

 

Table 8. Basic restrictions for general public – Spain 

 

Source: Real Decreto 1066/2001 

 

The reference levels, used to determine the probability that the basic restrictions will be 

exceeded are (see Table 9): 

1. derived quantities from relevant basic restrictions, using measurements or computerized 

techniques: electric field intensity E, magnetic field intensity H, magnetic induction B, 

power density S and limb current Il; 

2. quantities that refer to perception and other adverse indirect effects to exposure to 

radioelectric emissions, respectively contact current Ic and, for pulsatile fields, specific 

energy absorption SA [8]. 
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Table 9. Reference levels for general public – Spain 

 

Retrieved and processed after Real Decreto 1066/2001 

 

As it can be seen, the basic restrictions and reference values are similar to those from 

Council Recommendation 1999/519/EC.  

The same situation can be revealed in Romania, where in 2006 Minister of Public Health 

issued Order no. 1193/2006 for the approval of the Norms regarding the limitation of the 

exposure of the general population to electromagnetic fields from 0 to 300 GHz [9]. 

In addition, Romanian Government in 2016 issued a decision HG 520/2016 [10] on 

minimum safety and health requirements regarding the exposure of workers to risks generated 

by electromagnetic fields in accordance with Directive 2013/35/EU. In 2018, Institute of Public 

Health subordinated to Ministry of Health published a practical guide for conformity 

assessment with national exposure rules of workers in electromagnetic fields [11]. 

In Australia, in 2002 ARPANSA Australian Radiation Protection and Nuclear Safety 

Agency issued Radiation Protection Standard for Maximum Exposure Levels to 

Radiofrequency Fields — 3 kHz to 300 GHz which sets limits for human exposure to 

radiofrequency (RF) fields in the frequency range 3 kHz to 300 GHz, to prevent adverse health 

effects [12]. 
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Table 10. Basic restrictions in Australia – occupational and general public 

 
Retrieved and processed after ARPANSA Standard, 2002 

 

In order to develop basic restrictions (see Table 10), there had been taken into 

consideration different criteria: 

 3 kHz – 10 MHz – restrictions on instantaneous rms current density to prevent 

electrostimulation of excitable tissues, 

 100 kHz – 6 GHz – whole body average SAR against whole-body heat stress, 

spatial peak SAR in head, trunk and limbs against excessive localised temperature rise in tissue,   

 300 MHz – 6 GHz, for pulse modulated exposure – specific absorption SA per 

pulse for localised exposures to the head to avoid or limit auditory effects, 

 10 MHz – 6 GHz – instantaneous spatial peak SAR against associated effects to 

extremely high-level pulse fields, 

 6 GHz – 300 GHz – instantaneous and time averaged incident power flux density 

to prevent excessive heating in tissue at or near the body surface and to protect against 

associated effects to extremely high-level pulse fields [12]. 

In the Australian standard E and H reference levels are established for time averaged 

and instantaneous exposure to rms electric and magnetic fields and are derived from basic 

restrictions by mathematical modelling and laboratory investigations. In addition, there are set 

reference levels for instantaneous rms contact current and time averaged rms current induced 

in any limb over 6-minute period (see Table 11). 
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Table 11. Reference levels in Australia – occupational and general public  

 
Retrieved and processed after ARPANSA Standard, 2002 

 

In European Union, Directive 2004/40/EC emphasizes the need to assess the risk of 

workers' exposure by the employer. The directive introduced the term “exposure limit values” 

defined as “limits on exposure to electromagnetic fields which are based directly on established 

health effects and biological considerations”, a term similar to “basic restrictions” used in other 

documents in the field [13].  

The exposure limit values in this directive established for worker’s exposure to 

electromagnetic fields are also similar to those set as basic restrictions for occupational 

exposure in other documents: whole body average SAR, head and trunk localized SAR, limbs 

localized SAR, current density, and power density (see Table 12).   

Depending on frequency, they are set in order to prevent the following effects: 

 cardiovascular and central nervous system, for time-varying fields up to 1 Hz, 

 on central nervous system functions, for 1 – 10 MHz, 

 excessive localised heating of tissues and whole-body heat stress, for 100 kHz – 

10 GHz, 

 excessive localised heating at or near the body surface, for 10 GHz – 300 GHz 

[13].  
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Table 12. Exposure limit values according to Directive 2004/40/EC 

 
Source: Directive 2004/40/EC 

 

For directly measured elements E, H, B and S, in directive is used the term “action 

values”. These values are similar to reference values of ICNIRP Guidelines/1998, based on the 

rationale used by that (See Table 13).  

 

Table 13. Action values according to Directive 2004/40/EC 

 
Source: Directive 2004/40/EC 

 

The Directive 2004/40/EC was replaced in 2013 by the Directive 2013/35/EU [1]. This 

directive established exposure limit values ELV (see Table 14), based on biophysical and 

biological considerations, in relation with thermal and non-thermal effects. However, as the 

other regulations and documents, it does not address long-term effects of EMF exposure.  
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These ELVs comprise health effects ELVs, above which employees might be affected 

by thermal heating or stimulation of nerve or muscle tissue, and sensory effects ELVs, when 

they might be subject to transient disturbed sensory perceptions and minor changes in brain 

functions [1]. 

 

Table 14. Exposure limit values according to Directive 2013/35/EU 

 
Retrieved and processed after Directive 2013/35/EU 

 

Regarding the term action levels ALs, also used in the previous directive, the ALs are 

presented separately for non-thermal and thermal effects.  

For non-thermal effects, there are used ALs values for electric field strength, magnetic 

flux density for static and time-varying density, and contact current (see Table 15). 

This document introduces, also, for electric fields low and high ALs related to specific 

protection or prevention measures, and for magnetic fields, low ALs in relation to sensory 

effects ELVs and high ALs to health effects ELVs. ALs for electric field represent maximum 

calculated or measures values at the workers’ body position and these are established [1]. 

  



Carpathian Journal of Electrical Engineering                        Volume 13, Number 1, 2019 

90 

Table 15. Action values related to non-thermal effects according to Directive 2013/35/EU 

 

Retrieved and processed after Directive 2013/35/EU 

 

For thermal effects, there had been specified as action values electric field strength and 

magnetic flux density of time varying electric, respectively magnetic fields, power density of 

electromagnetic waves and contact current (see Table 16). Of these, only the limb induced 

current has exactly the same value as in the previous directive. 

 

Table 16. Action values related to thermal effects according to Directive 2013/35/EU 

 
Retrieved and processed after Directive 2013/35/EU 
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The latest standard issued by the IEEE in 2019 IEEE Std C95.1™-2019, which 

establishes safety levels regarding human exposure to electromagnetic fields, brings some 

changes, including terminology, compared to the previous standard in 2005.  

The term “basic restrictions” is replaced by “dosimetric reference limit” DRL and 

“maximum permissible exposure” MPE by “exposure reference level” ERL. The IEEE 

Standard addresses three frequency bands: 0 – 100 kHz, 100 kHz – 6 GHz, and 6 GHz – 300 

GHz in approaching biological effects of exposure [14]. It is not just a standard that applies to 

persons permitted in restricted environments and to the general public in unrestricted 

environments, but also an extensive, documented scientific work, extremely useful for 

researchers in the field. 

 

 

3. CONCLUSIONS 

 

Although the harmonization process began more than 20 years ago, there are still 

notable differences between the different states of the world, the differences being sometimes 

significant even at the level of a continent or a region. 

However, in the European Union, Recommendation 1999/519/EC and Directive 

2013/35/EU open the way for a harmonization of Member States’ regulations, even if there are 

still some different approaches of EMF policies. Moreover, these regulations, recommendations 

and guidelines do not limit Member States in introducing more restrictive measures.  

It can be observed, also, attempts of harmonization in the elaboration of different 

standards and regulations at the level of national and international bodies in the field, by taking 

into account the points of view, the reference elements and the studies on which other 

worldwide regulations are based. 
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