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Main mechanisms

Literature example from 1953

(High frequency currents in 

biology and medicine)
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Phisiotherapy
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HF and UHF heating
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ENVIRONMENTAL HEALTH CRITERIA 137

ELECTROMAGNETIC FIELDS (300 HZ TO 300 

GHZ)

This report contains the collective views of an 

international group of experts and does not 

necessarily represent the decisions or the stated 

policy of the United Nations Environment Programme, 

the International Radiation Protection Association, or 

the World Health Organization. 

Published under the joint sponsorship of the United 

Nations Environment Programme, the International 

Radiation Protection Association, and the World 

Health Organization World Health Orgnization 

Geneva, 1993 WHO Library Cataloguing in 

Publication Data Electromagnetic fields (300 Hz to 

300 GHz) 
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Source: EHC 137
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Electrofusion of the living cell

Effect of very high amplitude pulse
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Source: EHC 137
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Example of the old regulations
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ICNIRP Guidelines

GUIDELINES FOR LIMITING EXPOSURE TO TIME-VARYING

ELECTRIC, MAGNETIC, AND ELECTROMAGNETIC FIELDS

(UP TO 300 GHz)

International Commission on Non-Ionizing Radiation Protection

In establishing exposure limits, the Commission

recognizes the need to reconcile a number of differing expert 

opinions. The validity of scientific reports has to be considered, 

and extrapolations from animal experiments to effects on 

humans have to be made. The restrictions in these guidelines 

were based on scientific data alone; currently available 

knowledge, however, indicates that these restrictions provide an 

adequate level of protection from exposure to time-varying EMF. 

Two classes of guidance are presented:

Basic restrictions: Restrictions on exposure to time-varying 

electric, magnetic, and electromagnetic fields that are based 

directly on established health effects are termed “basic 

restrictions.” Depending upon the frequency of the field, the

physical quantities used to specify these restrictions are current 

density (J), specific energy absorption rate (SAR), and power 

density (S). Only power density in air, outside the body, can

be readily measured in exposed individuals.

1998



25

ICNIRP Guidelines

GUIDELINES FOR LIMITING EXPOSURE TO TIME-VARYING

ELECTRIC, MAGNETIC, AND ELECTROMAGNETIC FIELDS

(UP TO 300 GHz)

International Commission on Non-Ionizing Radiation Protection

Reference levels: These levels are provided for

practical exposure assessment purposes to determine whether 

the basic restrictions are likely to be exceeded. Some reference 

levels are derived from relevant basic restrictions using 

measurement and/or computational techniques, and some 

address perception and adverse indirect effects of exposure to 

EMF. The derived quantities are electric field strength (E), 

magnetic field strength (H), magnetic flux density (B), power 

density (S), and currents flowing through the limbs (IL).

Quantities that address perception and other indirect effects are 

contact current (IC) and, for pulsed fields, specific energy 

absorption (SA). In any particular exposure situation, measured 

or calculated values of any of these quantities can be compared 

with the appropriate reference level. Compliance with the 

reference level will ensure compliance with the relevant basic 

restriction. If the measured or calculated value exceeds the

reference level, it does not necessarily follow that the basic 

restriction will be exceeded. However, whenever a reference 

level is exceeded it is necessary to test compliance with the 

relevant basic restriction and to determine whether additional

protective measures are necessary.

1998
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1999

COUNCIL

COUNCIL RECOMMENDATION

of 12 July 1999

on the limitation of exposure of the general 

public to electromagnetic fields (0 Hz to 300 

GHz)

(1999/519/EC)
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DIRECTIVE 2004/40/EC OF THE EUROPEAN 

PARLIAMENT AND OF THE COUNCIL

of 29 April 2004

on the minimum health and safety requirements 

regarding the exposure of workers to the risks

arising from physical agents (electromagnetic 

fields) (18th individual Directive within the meaning

of Article 16(1) of Directive 89/391/EEC)



Article 1

Aim and scope

1. This Directive, which is the 18th individual Directive

within the meaning of Article 16(1) of Directive 89/391/EEC,

lays down minimum requirements for the protection of

workers from risks to their health and safety arising or likely to

arise from exposure to electromagnetic fields (0 Hz to

300 GHz) during their work.

2. This Directive refers to the risk to the health and safety of

workers due to known short-term adverse effects in the human

body caused by the circulation of induced currents and by

energy absorption as well as by contact currents.

3. This Directive does not address suggested long-term

effects.

4. This Directive does not address the risks resulting from

contact with live conductors.

5. Directive 89/391/EEC shall apply fully to the whole area

referred to in paragraph 1, without prejudice to more stringent

and/or more specific provisions contained in this Directive.





Notes:

1. f is the frequency in Hertz.

2. The exposure limit values on the current density are intended to protect against acute exposure effects on central 

nervous system tissues in the head and trunk of the body. The exposure limit values in the frequency range 1 Hz to 10 

MHz are based on established adverse effects on the central nervous system. Such acute effects are essentially 

instantaneous and there is no scientific justification to modify the exposure limit values for exposure of short duration. 

However, since the exposure limit values refer to adverse effects on the central nervous system, these exposure limit 

values may permit higher current densities in body tissues other than the central nervous system under the same 

exposure conditions.

3. Because of the electrical inhomogeneity of the body, current densities should be calculated as averages over a 

crosssection of 1 cm2 perpendicular to the current direction.

4. For frequencies up to 100 kHz, peak current density values can be obtained by multiplying the rms value by (2)˝.

5. For frequencies up to 100 kHz and for pulsed magnetic fields, the maximum current density associated with the

pulses can be calculated from the rise/fall times and the maximum rate of change of magnetic flux density. The induced 

current density can then be compared with the appropriate exposure limit value. For pulses of duration tp, the equivalent 

frequency to apply for the exposure limit values should be calculated as f = 1/(2tp).

6. All SAR values are to be averaged over any six-minute period.

7. Localised SAR averaging mass is any 10 g of contiguous tissue; the maximum SAR so obtained should be the value 

used for estimating exposure. These 10 g of tissue are intended to be a mass of contiguous tissue with nearly 

homogeneous electrical properties. In specifying a contiguous mass of tissue, it is recognised that this concept can be 

used in computational dosimetry but may present difficulties for direct physical measurements. A simple geometry such 

as cubic tissue mass can be used provided that the calculated dosimetric quantities have conservative values relative to 

the exposure guidelines.

8. For pulsed exposures in the frequency range 0,3 to 10 GHz and for localised exposure of the head, in order to limit and 

avoid auditory effects caused by thermoelastic expansion, an additional exposure limit value is recommended.

This is that the SA should not exceed 10 mJ/kg averaged over 10 g of tissue.

9. Power densities are to be averaged over any 20 cm2 of exposed area and any 68/f1,05-minute period (where f is in

GHz) to compensate for progressively shorter penetration depth as the frequency increases. Spatial maximum power 

densities averaged over 1 cm2 should not exceed 20 times the value of 50 W/m2.

10. With regard to pulsed or transient electromagnetic fields, or generally with regard to simultaneous exposure to    

multiple frequency fields, appropriate methods of assessment, measurement and/or calculation capable of analysing the 

characteristics of the waveforms and nature of biological interactions have to be applied, taking account of European 

harmonised standards developed by Cenelec.





IEEE Standard for Safety Levels with Respect to Human Exposure 

to Radio Frequency Electromagnetic Fields,

3 kHz to 300 GHz

Sponsored by the

IEEE International Committee on Electromagnetic Safety (SCC39)

IEEE Std C95.1™-2005

(Revision of IEEE Std C95.1-1991)
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EMF Measurements
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Difficulties
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Difficulties
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Future?


