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Introduction 
 
While the possibility of interactions of electromagnetic fields (EMF) with the human body 

was already recognized in the 19th century, it was only after the Second World War that possible 
adverse effects on human health were hypothesised, as a response to exposures from powerful 
sources, such as radars. Over the years, different scientific organizations, such as the American 
Conference of Governmental Industrial Hygienists (ACGIH) and the Institute of Electrical and 
Electronic Engineers (IEEE) in USA, and the National Radiological Protection Board (NRPB) in 
the UK developed standards on exposure of workers and in some – but not all – cases, of the 
general public to radiofrequency (RF) EMFs. At the international level, guidelines recommending 
restrictions on exposure were developed by the International Non-Ionizing Radiation Committee of 
the International Radiation Protection Association (IRPA/INIRC), an expert group whose duties and 
responsibilities were taken over in 1992 by the International Commission on Non-Ionizing 
Radiation Protection (ICNIRP). 

ICNIRP issued in 1998 comprehensive guidelines for the protection of workers and the 
general public against exposure to electric, magnetic, and electromagnetic fields in the frequency 
range 0 Hz – 300 GHz. The guidelines superseded those previously issued by IRPA/INIRC 
separately for high-frequency and power-frequency fields. 

The main scientific input came from extensive reviews of the literature jointly carried out 
by ICNIRP, the World Health Organization (WHO), and the United Nations Environmental 
Programme (UNEP), published as Environmental Health Criteria (EHC) documents. Separate 
documents were issued for extremely-low frequency (ELF) electric and magnetic fields 
(WHO/UNEP/IRPA 1984) and for electromagnetic fields in the frequency range 300 Hz – 300 GHz 
(WHO/UNEP/ICNIRP 1993). The latter include radiofrequency fields, whose frequency range is 
variously defined: within these notes it is assumed as the interval 100 kHz – 300 GHz. The subset 
of EMFs in the range 300 MHz - 300 GHz is often termed, more specifically, microwaves. 

 
 

Basic approach of ICNIRP to health protection 
 
Depending on the nature of the biological effects, and the weight of evidence, different 

systems of protection may be implemented, to which ICNIRP and other similar organizations may 
contribute to various extent. 

Health thresholds based systems are adequate when biological effects that might lead to 
health detriment have been established and corresponding thresholds have been identified. 
Guidelines on limits of exposure are adequate to prevent such effects. Optimization systems may be 
appropriate in face of a known and accepted hazard, where a threshold cannot be established. 
Finally, precautionary measures may be adopted in case of uncertainty, to protect against hazards 
that have been suggested, but not established by the scientific research. 



While the two latter systems require economical, social and political considerations to be 
taken into account, guidelines developed by ICNIRP to protect against established, acute effects of 
electromagnetic fields are based solely on scientific data and criteria. The basic concepts of these 
guidelines are shortly discussed in the following. For a more comprehensive discussion, the reader 
is referred to the text of the guidelines (ICNIRP 1998), and to a specific document on the general 
approach of ICNIRP towards the protection against non-ionizing radiation (ICNIRP 2002). 
 
Review of the literature 

ICNIRP continuously carries out critical reviews of the scientific literature concerned with 
the physical characteristics of EMF sources, and the possible biological and health effects of EMF 
exposure. In doing so, ICNIRP monitors the accumulation of new evidence, updating health risk 
assessments as appropriate. Such assessments are based on the totality of the science, and not just 
on the added information. The process is therefore dynamic: all assessments are based on current 
knowledge, and are subject to revision in the light of new substantiated evidence. 

While any single scientific study may indicate the possibility of health effects related to a 
specific exposure, ICNIRP bases its evaluations on the weight of evidence coming from several 
studies. The scientific quality of the studies is critical; therefore, only peer-reviewed literature is 
selected in principle, although technical reports of adequate quality may provide further, useful 
information. 

 
The established effects 

In the evaluation of effects carried out by ICNIRP, three steps can schematically be 
identified. 

Initially, each study is evaluated in terms of its relevance for the health effect being 
considered and the quality of methods used. Different weights may be assigned to the studies, 
depending on the extent to which they meet quality criteria regarding e.g. the experimental 
techniques used, the assessment of exposure, the control of experimental conditions, possible biases 
and confounders, the replicability of the experiments and the reproducibility of the results. 

As a second step, all information relevant for each health effect is evaluated. This review 
is normally carried out separately for epidemiological investigations, human laboratory tests, animal 
studies, and in vitro research. 

Finally, the outcomes of the above steps are combined in an overall evaluation, taking the 
consistency of data in proper consideration. ICNIRP recognizes that this process involves some 
judgements; however, the collective participation to the process minimizes bias due to personal 
attitudes. 

When the overall evaluation allows the identification of an effect that is casually related to 
the exposure, the effect becomes established. Leading criteria in the identification of effects are the 
reproducibility of findings, and the consistency across studies of different nature (e.g. data from 
laboratory research in vitro and in vivo that may give biological plausibility to a causal 
interpretation of statistical correlations indicated by epidemiology). 

 
Dosimetric quantities 

The entity of a given effect of EMF exposure is related not only to the level of the external 
field, but also to the coupling of the field with the exposed body, or selected organs. The 
quantitative relationship by which the external exposure affects a biologically effective parameter of 
the target tissue is unique to a single exposure condition. Therefore, effects are better described by 
quantities that reflect the efficacy by which the external exposure causes a certain biological effect. 
These are termed biologically effective quantities, or dosimetric quantities. 



Different dosimetric quantities have been identified as appropriate for different interaction 
mechanisms and biological effects. In general – but not always – these quantities are internal to the 
body and therefore cannot be directly measured. A correspondence shall therefore be established 
between biologically effective quantities and external fields, taking exposure conditions in due 
account. This is accomplished through theoretical and experimental modelling techniques that 
constitute what is called dosimetry, in analogy with toxicology and ionizing radiation. However, no 
universally accepted concept of dose has been established for EMFs, in the absence of any 
convincing evidence of cumulative exposure effects. 

 
The critical effect 

Once the adverse effects have been established, and related to the exposure through the 
appropriate biologically effective (dosimetric) quantity, it is generally possible to rank them 
according to the exposure level at which each becomes relevant. The critical effect is the established 
adverse effect that is relevant at the lowest level of exposure. 

The adoption of limits below the threshold for the critical effect provides, a fortiori, 
protection against any other adverse effect that has been scientifically identified. 

In the identification of the critical effect, ICNIRP recognizes that different groups of the 
population may have different sensitivity to EMFs, and ability to tolerate them. Categories that 
might exhibit lower tolerance include children, the elderly, and some chronically ill people. While 
separate guidelines could be developed for different groups within the general population, ICNIRP 
considers more effective to adjust the guidelines for the general population to include such groups.  

 
Basic restrictions and reference levels 

The biological and health effects depend on several parameters characterizing the 
exposure. These include, but are not limited to, the strength of EMFs. The strategy of ICNIRP is 
therefore to define basic restrictions in terms of the appropriate dosimetric quantities rather than the 
intensity of the fields themselves. For each frequency, the basic restriction is set below the threshold 
for the appropriate critical effects. For some regions of the EMF spectrum, where available data are 
insufficient to establish a critical effect with adequate confidence, the basic restriction is obtained 
by extrapolation from lower and higher frequencies. 

As already mentioned, due to practical difficulties in measuring or calculating some 
biologically effective quantities, these are – in a further step of development of the guidelines – 
related to reference levels that are expressed in terms of a directly measurable parameter of the 
external exposure (power density, electric field strength, or magnetic field strength). 

The strategy is conservative. The use of reference levels ensures in fact compliance with 
the basic restrictions, since the relationships between them have been developed for conditions of 
maximum coupling between the external fields and the exposed person. On the other hand, 
exceeding the reference levels does not necessarily imply that the basic restriction is exceeded; 
whether this occurs or not should be ascertained through a more detailed investigation. 

 
Reduction factors 

The identification and quantification of the adverse effects of EMFs is difficult, due to 
uncertainties in the scientific data. Sources of uncertainty include e.g. the intrinsic variability of 
biological data, experimental errors, extrapolation of animal data to humans, biases and 
confounders. The derivation of reference levels from basic restrictions is also affected by 
uncertainty in dosimetry and in the characterization of exposure. 

To compensate for these uncertainties, reduction factors are introduced. Their magnitude 
varies depending on the degree of incertitude. Some effects can in fact be quantified with 



reasonable precision and little reduction, if any, is required below threshold levels; when the 
precision is lower, a larger reduction may be warranted.  

In principle, reduction factors should be lowered with the advancement of research and the 
associated narrowing of uncertainties. While such action should be reassuring for the public, 
indicating a greater confidence of scientists in the value of thresholds for adverse effects, any 
upwards modification of basic restrictions and reference levels would hardly be accepted. 

The use of reduction factors in basic restrictions is intrinsically a cautionary measure. 
However, it is worth to stress again that further precaution is provided by the conservative approach 
adopted in the derivation of reference levels. These are in fact set in such a way as to assure 
compliance with basic restrictions in the most unfavourable combination of the many parameters 
that characterize exposure. This mains that additional reduction factors are implicitly introduced 
under realistic conditions. Such factors may be substantially higher than those explicit in basic 
restrictions. 

To avoid frequent possible misunderstandings, it shall be clarified that reduction factors 
are not intended to account for uncertainty in measure, nor they compensate for gaps in knowledge. 
With regard to the first issue, ICNIRP considers that uncertainty in measurements should be 
included in the protocols for checking compliance with the guidelines, rather than in the guidelines 
that are only based on scientific data on effects.  
The use of reduction factors as a precautionary measure to account for uncertainty in science has 
been criticized as inappropriate by standard-setting bodies as well as health protection agencies. 
WHO notes that science-based exposure limits should not be undermined by the adoption of 
arbitrary cautionary approaches. That would occur, for example, if limit values were lowered to 
levels that bear no relationship to the established hazards or have inappropriate arbitrary 
adjustments to the limit values to account for the extent of scientific uncertainty. 
 

 
Interaction of RF fields with biological tissues 
 

Though several hypotheses have been made to interpret recent – and often controversial – 
findings of biological effects at low levels of exposure, three basic mechanisms have been 
established (in the sense discussed above) through which time-varying electric and magnetic fields 
interact with biological tissues, namely: 
• Coupling of low-frequency electric fields; 
• Coupling of low-frequency magnetic fields 
• Absorption of energy from electromagnetic fields. 

An external electric field induces surface charges on the body, that in turn induce internal 
electric currents. The current distribution, i.e. the local current density, depends on the conductivity 
of individual tissues, on the size and shape of the body, and on exposure conditions including 
posture and orientation of the body relative to the field. 

Based on Faraday’s law of induction, time-varying magnetic fields induce electric fields 
and currents inside the body. Their magnitude depends on the radius of the loop, on the conductivity 
of the tissue, and on the rate of change of the magnetic flux density. 

The motion of charges and friction with body molecules result in an absorption of 
electromagnetic fields in tissues, that becomes significant at frequencies above about 100 kHz. The 
amount and distribution of energy absorption depends on several parameters, related to the exposure 
conditions, the physical characteristics of the field, and the characteristic of the exposed body and 
tissues. The uniform exposure of the whole body in far-field conditions results in an energy 
absorption that is strongly dependent on frequency, and more precisely on the relationship between 



EMF wavelength and body dimensions. This frequency dependence exhibit a typical resonant 
behaviour, with e.g. maximum absorption in the body of a standard man (1.75 m high) at 
frequencies around 70 MHz; shorter bodies (e.g. children) resonate at higher frequencies. In the 
case of exposure close to the source (in the near-field), the distribution of absorbed energy may be 
very inhomogeneous, as in the case of mobile phones and various industrial devices. 

The energy is progressively absorbed as the electromagnetic wave travels inside the body. 
The penetration depth decreases with increasing frequency, and at frequencies above a few 
gigahertz the energy absorption, and the related heating, are virtually confined to tissues near the 
body surface. 

A special effect of thermal nature is the auditory sensation felt by some people exposed to 
pulse-modulated fields radiofrequency fields. The phenomenon, indicated as “microwave heating”, 
has been shown to be due to thermoelastic expansion in the brain. RF pulses of appropriate 
characteristics are transduced into acoustic waves that propagate to the inner ear, where they are 
perceived as sound. If repeated or prolonged, the auditory effects may be stressful and potentially 
harmful. The entity of the effect is related to the energy content of the individual pulses, rather than 
the time-averaged SAR. 
 
 
Biologically effective quantities relevant for RF electromagnetic fields 

 
Based on the established coupling mechanisms of electric, magnetic, and electromagnetic 

fields with the human body, the following physical quantities have been identified as biologically 
effective: 
• Induced current density, measured in ampere per square meter (A/m2) for internal electric 

currents induced by external electric and magnetic fields; this is an appropriate dosimetric 
quantity at frequencies up to 10 MHz. Induced currents have been used in the quantification of 
experimentally induced effects in animals and the results have been extrapolated to humans. 
Recently, sophisticated and detailed numerical models of the human body have been developed, 
that allow reliable and accurate estimation of induced currents for different exposure conditions. 

• Specific absorption rate (SAR), measured in watts per kilogram (W/kg) of body mass for 
absorption of high-frequency electromagnetic energy; this is an appropriate dosimetric quantity 
for frequencies between, 10 MHz and 10 GHz. The SAR is defined as the time derivative of the 
incremental energy absorbed by - or dissipated in - an incremental mass contained in a volume 
element of a given density (NCRP 1981) 

• Power density, measured in watts per square meter (W/m2) for energy absorption localized at or 
near the body surface; this is the appropriate dosimetric quantity at frequencies between 10 and 
300 GHz. It should be noted that power density actually characterizes the external EMF, and 
can be experimentally measured, or calculated from the measured electric or magnetic field 
strength. Therefore, in the range of highest frequencies, reference levels coincide with basic 
restrictions. 

• In the case of pulsed fields, a quantity measuring the energy content of the pulse is adopted to 
take effects of microwave hearing into account. Such quantity is termed the Specific Absorption 
(SA), and is expressed in joule per kilogram (J/kg). 

 
 



Thresholds for biological effects 
 
Biological and health effects of low-frequency electric and magnetic fields have been 

investigated mainly at frequencies well below the lower bound of RF, especially at power frequency 
(50/60 Hz). However, some experimental studies, together with theoretical considerations, indicate 
that the interaction mechanisms occurring at extremely low frequencies (ELF) may be effective to 
some extent for frequencies up to about 10 MHz. Electric and magnetic fields act separately, 
inducing electric fields and currents inside the body. Electrically excitable tissues may be affected, 
with possible influence on nervous system functions.  

The following conclusions of the literature review served as a basis for international 
standards, including ICNIRP guidelines: 
• Current densities below 10 mA/m2 are within the range of naturally occurring endogenous 

currents, and no detectable biological effect is observed or expected; 
• Between 10 and 100 mA/m2 there are well established effects on the visual and nervous system; 
• Between 100 and 1000 mA/m2 changes in excitability of nervous tissue is observed and there 

are possible hazards; 
• Above 1000 mA/m2 nervous stimulation and stimulation of the heart including extrasystoles and 

ventricular fibrillation can occur. 
There is therefore indication that the central nervous system may be adversely affected by 

current density above 10 mA/m2. Thresholds for the above effects progressively increase with 
increasing frequency above 1 kHz.  

Volunteer studies have shown that, as frequency increases approximately from 100 kHz to 
10 MHz, the dominant effect of EMF exposure shifts from nerve and muscle stimulation to heating, 
as a consequence of the progressively increasing importance of the mechanism of electromagnetic 
energy absorption. Most of the observed biological effects of acute exposure to RF fields are in fact 
consistent with responses to induced heating, and consequent increase of local or general body 
temperature. In other words, biological and health effects are produced by the temperature elevation 
rather than electromagnetic fields per se. 

The guidelines were based on evidence that the exposure of resting humans for about 30 
min to RF EMF producing a whole-body SAR between 1 and 4 W/kg resulted in a body 
temperature increase of less than 1 °C. The threshold for behavioural responses in laboratory 
animals, conservatively assumed as the critical effect, is of the same order of magnitude. 

In recent years, and in particular after the publication of ICNIRP guidelines, a large 
number of biological studies, both in vitro and in vivo, have been published. While most of them are 
negative, a variety of effects have been suggested by individual studies that however have not been 
replicated, or lacked adequate scientific quality. A review of the literature carried out in the UK by 
an independent expert group (IEGMP 2000) concluded that the literature on non thermal effects of 
RF EMF is inconsistent, the effects reported are typically small and close to the level of statistical 
noise. A more recent review of the same group confirms these conclusions (IEGMP 2003). 
 
 
Basic restrictions 
 

The ICNIRP guidelines provide different basic restrictions for different frequency ranges, 
in consideration of different interaction mechanisms and established biological effects. 
• Between 1 Hz and 10 MHz, basic restrictions are provided on current density to prevent effects 

on nervous system functions; 



• Between 100 kHz and 10 GHz, basic restrictions on SAR are provided to prevent whole-body 
heat stress and excessive localized tissue heating; 

• Between 10 GHz and 300 GHz, basic restrictions are provided on power density to prevent 
excessive heating in tissue at or near the body surface. 

It should be noted that in the frequency range 100 kHz – 10 MHz, restrictions are provided 
on both current density and SAR, because of the simultaneous possibility of stimulation and heating 
effects, with different relative importance with varying frequency. 

Basic restrictions on SAR are intended as averaged over any time period of 6 min, since 
the temperature elevation, opposed by physiological mechanisms of thermoregulation, is gradual 
and a few tens minute are required to reach thermal equilibrium.  

Following the general approach outlined in the previous sections, critical effects 
consequent to the above mechanisms have been identified. 

With regard to induced current densities at low frequencies, a threshold for acute effects in 
central nervous system excitability has been indicated in the order of 100 mA/m2 in the frequency 
range up to 1 kHz. At higher frequencies, the threshold progressively increases in an almost linear 
fashion. A reduction factor of 10 was introduced to account for uncertainty in the determination of 
the thresholds, with a further factor of 5 for the general public.  

The threshold for thermal effects – roughly corresponding to an increase in the body 
temperature of 1 °C, is about 4 W/kg. A reduction factor of 10 for workers’ exposure, and an 
additional factor of 5 for the general public, were introduced also in this case.  

The resulting basic restrictions are reported in Tables 1 and 2. 
 
 

Table 1. Basic restrictions recommended by ICNIRP for time varying electric and magnetic fields 
in the frequency range 100 kHz - 10 GHz 

Exposure 
characteristics 

Frequency range Current density 
for head and 

trunk 
(mA/m2)(rms) 

Whole-body 
average SAR 

(W/kg) 

Localized SAR 
in head and 

trunk 
(W/kg) 

Localized SAR 
in limbs 
(W/kg) 

Occupational 
exposure 

100 kHz–10 MHz 

10 MHz–10 GHz 

f/100 

— 

0.4 

0.4 

10 

10 

20 

20 

General public 
exposure 

 

100 kHz–10 MHz 

10 MHz–10 GHz 

f/500 

— 

0.08 

0.08 

2 

2 

4 

4 

Notes: 
1. f is the frequency in hertz. 
2. Because of electrical inhomogeneity of the body, current densities should be averaged over a cross-section of 1 cm2 

perpendicular to the current direction. 
3. All SAR values are to be averaged over any 6-minute period. 
4. Localized SAR averaging mass is any 10 g of contiguous tissue; the maximum SAR so obtained should be the value used for the 

estimation of exposure. 
5. For pulses of duration tp the equivalent frequency to apply in the basic restrictions should be calculated as f = 1/(2tp). 

Additionally, for pulsed exposures, in the frequency range 0.3 to 10 GHz and for localized exposure of the head, in order to limit 
or avoid auditory effects caused by thermoelastic expansion, an additional basic restriction is recommended. This is that the SA 
should not exceed 10 mJ/kg for workers and 2 mJ/kg for the general public averaged over 10 g tissue. 

 
 



Table 2. Basic restrictions recommended by ICNIRP for power density in the frequency range  
10 - 300 GHz 

Exposure characteristics Power density (W/m2) 

Occupational exposure 50 

General public 10 

Notes: 
1. 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. 
2. Spatial maximum power densities, averaged over 1 cm2 should not exceed 20 times the values above 

 
 
As shown in Table 1, with regard to thermal effects a distinction is made between whole-

body average and local SAR, that may substantially differ for localized exposures (e.g. mobile 
phones). In fact, under conditions of very inhomogeneous external field it is possible that the 
average SAR over the whole body does not exceed the basic restriction, but still results in excessive 
localized heating. 

To prevent such possibility, separate basic restrictions are provided. The definition of local 
SAR, and the value of the basic restrictions, have been the object of a long-lasting debate and 
deserve further discussion. 

 
 

Local energy absorption 
 

ICNIRP recommends limits on local SAR (or space-peak SAR) as values that shall not be 
exceeded as average over any 10 g mass of tissue. While it is evident that smaller volumes allow 
more precise determination of SAR distribution, at the expenses of increasing difficulty and cost of 
dosimetry, the choice of 10 g mass represents a reasonable compromise based on biological 
considerations. Thermal effects, that basic restrictions aim at preventing, are in fact related to the 
temperature increase following electromagnetic energy absorption, rather than SAR per se.  

SAR has been used as a surrogate for the expected temperature rise, particularly for 
localized exposure. However, calculated or measured values of the SAR averaged over small 
volumes do not correlate in general with temperature rise. If heat is absorbed in a small volume, it 
rapidly transfers to cooler surrounding regions and the local temperature does not rise appreciably. 
On the other hand, when a large volume is heated, the rapid local transfer of heat tends to produce a 
rather uniform temperature elevation throughout the volume. A suitable volume for local averaging 
should therefore be small enough to avoid excessive temperature gradients over its extent, and yet 
large enough to obtain an average SAR that corresponds well to the actual temperature increase 
throughout the volume. 

In contrast to ICNIRP, other organizations, namely IEEE (IEEE 1999), long considered 
thsa an average over a body mass of 1 g were more appropriate. Such option was based on 
dosimetric, rather than biological, considerations. However, in the last edition of its guidelines, 
recently approved, IEEE modified this approach adopting the same criterion as ICNIRP (IEEE in 
press).  

 
 



Reference levels  
 
The reference levels, derived from basic restrictions for occupational exposure and 

exposure of the general public, respectively, are reported in Tables 3 and 4.  
 
 

Table 3 . Reference levels recommended by ICNIRP for occupational exposure to time-varying 
electric and magnetic fields in the frequency range 100 kHz – 300 GHz 

Frequency range E-field strength  
(V/m) 

H-field strength 
(A/m) 

B-field 
(µT) 

Equivalent plane wave 
power density Seq  

(W/m2) 
0.1–1 MHz 610 1.6/f 2.0/f — 

1–10 MHz 610/f 1.6/f 2.0/f — 

10–400 MHz 61 0.16 0.2 10 

400–2000 MHz 3f1/2 0.008f1/2 0.01f1/2 f/40 

2–300 GHz 137 0.36 0.45 50 

Notes: 
1. f as indicated in the frequency range column. 
2. Provided that basic restrictions are met and adverse indirect effects can be excluded, field strength values can be exceeded. 
3. For frequencies between 100 kHz and 10 GHz, Seq, E2, H2, and B2 are to be averaged over any 6-minute period. 
5. For peak values at frequencies exceeding 100 kHz see Figures 1 and 2. Between 100 kHz and 10 MHz, peak values for the field strengths 

are obtained by interpolation from the 1.5-fold peak at 100 kHz to the 32-fold peak at 10 MHz. For frequencies exceeding 10 MHz it is 
suggested that the peak equivalent plane wave power density, as averaged over the pulse width, does not exceed 1000 times the Seq 
restrictions, or that the field strength does not exceed 32 times the field strength exposure levels given in the table. 

6. For frequencies exceeding 10 GHz, Seq, E2 , H2, and B2 are to be averaged over any 68/f1.05-minute period (f in GHz). 
 

 
 

Table 4. Reference levels recommended by ICNIRP for general public exposure to time-varying 
electric and magnetic fields in the frequency range 100 kHz – 300 GHz 

Frequency range E-field strength 
(V/m) 

H-field strength 
(A/m) 

B-field 
(µT) 

Equivalent plane 
wave power density 

Seq (W/m2) 

100–150 kHz 87 5 6.25 — 

0.15–1 MHz 87 0.73/f 0.92/f — 

1–10 MHz 87/f1/2 0.73/f 0.92/f — 

10–400 MHz 28 0.073 0.092 2 

400–2000 MHz 1.375f1/2 0.0037f1/2 0.0046f1/2 f/200 

2–300 GHz 61 0.16 0.20 10 

 
Notes: 
1. f as indicated in the frequency range column. 
2. Provided that basic restrictions are met and adverse indirect effects can be excluded, field strength values can be exceeded. 
3. For frequencies between 100 kHz and 10 GHz, Seq, E2, H2, and B2 are to averaged over any 6-minute period. 
4. For peak values at frequencies up to 100 kHz see Table 4, note 3. 



5. For peak values at frequencies exceeding100 kHz see Figures 1 and 2. Between 100 kHz and 10 MHz, peak values for the 
field strengths are obtained by interpolation from the 1.5-fold peak at 100 kHz to the 32-fold peak at 10 MHz. For 
frequencies exceeding 10 MHz it is suggested that the peak equivalent plane wave power density, as averaged over the 
pulse width, does not exceed 1000 times the Seq restrictions, or that the field strength does not exceed 32 times the field 
strength exposure levels given in the table. 

6. For frequencies exceeding 10 GHz, Seq, E2 , H2, and B2 are to be averaged over any 68/f1.05-minute period (f in GHz). 
7. No E-field value is provided for frequencies <1 Hz, which are effectively static electric fields. For most people the 

annoying perception of surface electric charges will not occur at field strengths less than 25 kVm-1. Spark discharges 
causing stress or annoyance should be avoided. 

 
 
The frequency dependence reflects the typical resonant behaviour of RF energy absorption 

in the body. Based on simple body models, it has in fact been shown that: 
• for frequencies up to about 20 MHz, the absorption in the trunk increases rapidly with 

increasing frequency; 
• between about 20 and 300 MHz, relatively high absorption occurs in the whole body; 
• between about 300 MHz and 10 GHz, whole-body absorption decreases, although significant 

absorption may occur at certain locations; 
• above about 10 GHz, energy absorption is confined to tissues very close to the body surface. 

The amount of energy absorbed, and consequently the whole-body averaged SAR, depend 
on several factors, including the size and posture of the exposed individual. The resonant frequency 
is determined by the relationship between the wavelength and the linear dimensions of the body. 
The worst case, i.e. the condition of maximum whole-body SAR occurs when the long axis of the 
body is parallel to the electric field vector of a plane wave; under these conditions, the body of a 
“standard man” (1.70 m height, 75 kg weight) resonates at a frequency of about 70 MHz. As shown 
in Fig 1, shorter or longer bodies (corresponding to smaller sizes or different postures) resonate at 
higher or lower frequencies, respectively.  

 
Figure 1. Comparison of the ICNIRP reference level for the general public and calculated values 

of power density required to produce a whole-body SAR equal to the ICNIRP basic 
restriction (NRPB 2004) 



Fig 1 also shows the large reduction factors introduced de facto by the conservative 
approach based on worst-case conditions. The reference levels are set in such a way as to guarantee 
that in no case the basic restriction is exceeded; at frequencies away from resonance, compliance 
with reference levels implies SAR values much less than the recommended limit. 

 
 

Scientific data supporting the standards 
 
The ICNIRP guidelines were based on the scientific evidence cumulated until 1998. More 

recent literature has been extensively reviewed, in particular by the Independent Expert Group on 
Mobile Phones in the UK (IEGMP 2000, 2003). The reports allow a verification of the present 
adequateness of the guidelines and will be the basis for the discussion that follows. It should be 
mentioned however that other expert groups appointed by national governments or authorities of 
several countries, including Canada (RSC 1999), France (AFSSE 2003), and Sweden (SSI 2005) 
carried out similar reviews of the literature, with quite uniform conclusions. 

The focus of recent research has been on the possibility that biological effects relevant for 
human health may occur at exposure levels below the threshold for thermal effects. Most studies 
were carried out at frequencies, and with signals, typical of mobile telephony.  

As already mentioned, the critical effect identified by ICNIRP was a behavioural change 
in some animal species (rodents and monkeys) exposed to EMF producing whole-body SAR in 
excess of about 4 W/kg. Such changes have been interpreted as thermoregulatory responses. At the 
same time, studies on volunteers exposed to EMF in magnetic resonance imaging systems indicated 
that exposures up to 30 min under conditions of whole-body SAR up to 4 W/kg caused a 
temperature increase in the body core of less than 1°C. No significant, reproducible effect relevant 
for human health had been identified at lower levels of exposure.  

With regard to the effects of RF on the nervous system, IEGMP concluded in 2000 that 
changes in neuronal excitability, neurotransmitter function, and innate and learned behaviour occur 
when exposure induces significant heating, with temperature elevation of 1 °C or more, while the 
evidence for effects in the absence of heating is not consistent and convincing. In experts’ opinion, 
the more recent research corroborates these conclusions (IEGMP 2003). 

Several recent animal studies also investigated the possibility that RF fields may affect 
fertility, reproduction and development. The overall conclusion, however, is that no convincing 
evidence exists of such effects at low levels of exposure, whereas at higher levels consistent effects 
have been reported that can be attributed to thermal insult induced by RF energy absorption. 

The findings of animal studies are supported by studies in vitro. In the opinion of IEGMP, 
non-thermal effects that have been sparsely reported are inconsistent, typically small, and close to 
the level of statistical noise. 

Most of the debate on possible risks of RF exposure is however linked to the hypothesis 
that chronic exposure below the threshold for thermal effects may induce or promote the 
development of degenerative diseases, in particular cancer. Such debate is not confined to the 
scientific community, and has resulted in important political decisions, with some countries 
adopting regulations different from international guideline, in contrast to a wide international 
consensus. 

 
 



The international consensus on exposure guidelines 
 

Besides ICNIRP, other bodies have developed internationally recognised guidelines, in 
particular the Institute of Electrical and Electronics Engineers in the USA (IEEE, 1999), and the 
National Radiological Protection Board in the UK (NRPB 1993). In spite of few differences of 
some importance, such as the one-or two-tier (workers vs public) structure, or the classification of 
the environments rather than of the exposed personnel, these standards show close similarities, and 
are based on the same approach and rationale as ICNIRP guidelines. 

Also national regulations are converging towards a common approach. About thirty 
countries have essentially adopted the ICNIRP guidelines. Actions towards further harmonisation 
have been undertaken, particularly by WHO and the European Union (EU), with strong 
encouragement to national governments to develop a common frame of protection  

A Recommendation to EU Member States on the limitation of exposure of the general 
public to electromagnetic fields in the frequency range 0 Hz – 300 GHz  was issued on July 12, 
1999 by the European Council (CEU 1999). More recently, the European Union issued a Directive 
– i.e. a more stringent standard, that shall be endorsed as national norm by every member state 
within a given time – for the protection of worker occupationally exposed to EMFs. (CEU 2004). 

The need for harmonisation within the Union is clearly recognised in the Recommendation: 
in the Preamble, it is stated that “measures with regard to electromagnetic fields should afford all 
Community citizens a high level of protection: provisions by Member States in this area should be 
based on a commonly agreed framework, so as to contribute to ensuring consistency of protection 
throughout the Community”. A further indication in this sense can be found in the explanatory 
memorandum annexed to the proposal presented to the European Council by the Commission, 
where it is remarked that “the existing variations and gaps in provisions and guidelines [in some 
Member States] contribute to a sense of confusion and insecurity felt by many Community citizens 
and undermines confidence in health protection authorities”.  

The Council recommends that  ICNIRP guidelines be adopted throughout the Union. The 
recognition of the validity of the basic approach and of the scientific database of ICNIRP and other 
international guidelines is explicit: “The Community framework, which draws on the large body of 
documentation that already exists, must be based on the best available scientific data and should 
comprise basic restrictions and reference levels on exposure to electromagnetic fields, recalling 
that only established effects have been used as the basis for recommended limitation of exposure; 
advice on this matter has been given by the International Commission on Non Ionising Radiation 
Protection and has been endorsed by the Commission’s Scientific Steering Committee” 

 
 

Regulations based on precaution: Italy and Switzerland 
 
In contrast to the attitude of most countries, Italy and Switzerland adopted regulations 

which diverge from international guidelines (Italy was the only member State voting against the EU 
Recommendation). The laws enforced in both countries make explicit reference to the precautionary 
principle, the recourse to which would be justified by possible long-term effect of EMF exposure. 
However, contrary to a common belief, the Italian and Swiss regulations show important 
differences, both in basic approach and in provisions  

How to harmonize the precautionary principle with science has been the object of lively 
discussion. Some considerations on the scientific bases of the Italian and Swiss regulations is 
therefore appropriate. 



The Italian general law (Italy 2001) does not consider dosimetric quantities and is not based 
on the two-level scheme of basic restrictions and reference levels. Instead, three different exposure 
levels are introduced, termed exposure limits, attention levels, and quality goals, respectively. 
Exposure limits cannot be exceeded under any circumstance, attention levels cannot be exceeded in 
residential environments, and quality goals are additional limits set by the State in order to 
minimize exposure. Both attention values and quality goals are explicitly defined as cautionary 
limits for long-term effects. These definitions indicate the special importance given to long-term 
effects, that the Italian Government believes are undervaluated by the EU and, therefore, by 
ICNIRP. This belief motivated the Italian opposition to the EU Recommendation. 

A governmental decree (Italy 2003) set the numerical values of the above limits, that are 
reported in Table 5. 

 
 

Table 5. Restrictions on RF exposure in Italy 

Frequency range  Electric field 
(V/m) 

Magnetic field 
(A/m) 

Power density 
(W/m2) 

Exposure limit 60 0.2 - 

Attention value 6 0.016 - 100 kHz – 3 MHz 

Quality goal 6 0.016 - 

Exposure limit 20 0.05 1 

Attention value 6 0.016 0.1 3 MHz – 3 GHz 

Quality goal 6 0.016 0.1 

Exposure limit 40 0.1 4 

Attention value 6 0.016 0.1 3 GHz – 300 GHz 

Quality goal 6 0.016 0.1 

 
 

Similarly to the Italian law, the Swiss ordinance (Switzerland 1999) does not consider 
dosimetric quantities: it only sets limits on the electric and magnetic field strength. 

Two kinds of limits are established: 
• exposure limits are levels that are not be exceeded anywhere people may have access; 
• emission limits are values that are not to be exceeded, as the contribution of each single source, 

in areas with “sensitive use”, i.e. areas where prolonged stays of persons are expected (schools, 
hospitals, houses, playgrounds, etc.). These limits are also called (in the ordinance) installation 
limits. 

The ordinance only applies to fixed installations and is limited to uniform exposure of the whole 
body, i.e. essentially to far-field exposure in the case of high-frequency fields. For this reason, only 
limits on the electric field strength are specified, from which corresponding values for magnetic 
field strengthe and power density can be derived. 
While compliance with exposure limits is strictly required, installation limits may be exceeded 
under some circumstances, e.g. when the costs of compliance are excessive. 
Installation limits are set for individual sources. Those relative to RF sources are listed in Table 6.  
 



Table 6. Emission limits for specific RF sources in Switzerland 

Sources Electric field strength (V/m) 

Operating at 900 MHz 4 

Operating at 1800 MHz 6 
Radio base stations for 

mobile telephony 
Dual-band 5 

LW and MW transmitters 8.5 
Broadcasters 

Other transmitters 3 

Radars  5.5 

 
 
As already mentioned, similarities between the Italian and Swiss regulations are less than 
commonly believed. Installation limits (clearly defined as “precautionary”) in the Swiss ordinance 
are generally assumed to correspond to attention levels of the Italian decree on exposure to 
radiofrequency. In effect, the Italian attention level for the electric field strength (6 V/m) is of the 
same order of magnitude as Swiss emission limits. However, their meaning is not the same.  

Italian attention values (in spite of their name) are actual limits, that must be complied with 
in specific areas, with no exceptions; they are independent of the source, and therefore may easily 
be interpreted as related to risks inherent to the electromagnetic field itself.  

In contrast, the Swiss values (in spite of the name of limits) are actually quality goals: they 
correspond in fact to what is achievable for individual sources at reasonable costs, rather than what 
is deemed harmful. Differently from the Italian levels, they can be exceeded provided it can be 
proved that alternatives are not technically practicable, or are economically unreasonable. 
Installation limits are, in other words, a technical standard and not health- or science-based values. 

In conclusion, the basic difference in the approach of the two countries is that Switzerland 
does recognize the scientific validity of international guidelines. In the presence of multiple sources, 
cumulative exposure up to the ICNIRP basic restriction is allowed, provided that each single source 
does not exceed the corresponding emission limit. 

 
 

The Italian and Swiss regulations and the precautionary principle 
 

The precautionary principle is never mentioned either in the Italian or in the Swiss 
regulations, and in effect the Swiss standard is admittedly based on a different and more general 
principle. However, the precautionary meaning of some limits is remarked several times, and some 
justification for precaution is also given in accompanying documents. Therefore, it is interesting to 
evaluate the two standards in the light of the precautionary principle as defined by the European 
Union. 

In a guideline document on the use of the precautionary principle issued by the European 
Commission (EC 1998), the principle is defined as “an approach to risk management that is 
applied in circumstances of scientific uncertainty, reflecting the need to take action in the face of a 
potentially serious risk without awaiting the result of scientific research”. 

Such a definition could lead to arbitrary use of the principle, since any risk data are 
characterised by uncertainty. However, in a later commentary (EC 2000) it is made clear that 
“Recourse to the precautionary principle presupposes: i) identification of potentially negative 



effects resulting from a phenomenon, product or procedure, and ii) a scientific evaluation of the 
risk that because of the insufficiency of data, their inconclusive or imprecise nature, makes it 
impossible to determine with sufficient certainty the risk in question”. 

Whether or not the Italian and Swiss precautionary measures are justified by scientific 
evidence will be discussed in the next session. A further difference in the approach of the two 
countries shall however be outlined. 

Generalized precaution is required in Switzerland by the Environmental Protection Law 
(EPL) (Switzerland 1983): the ordinance on EMFs should therefore be seen as one of the many 
regulations issued in execution of the EPL itself. 

As explained in an Explanatory Report, EPL “demands that non-ionising radiation [as any 
other agent] in the environment is kept at a level which is neither detrimental nor undesirable for 
humans. Also, in according with this legislation, effects which could be damaging or undesirable 
must be restricted at an early stage in the sense of prevention. […] Pursuant to the Environmental 
Protection Law non-ionising radiation must, with a view to prevention, be limited as far as is 
technically and operationally possible and economically feasible, but at least to the extent that is 
not damaging or undesirable for humans and the environment.”. 

To summarize, the Swiss ordinance finds its justification in a general law that does not 
require scientific evidence of harm. The EPL specifies in fact that even effects which are not, but 
could become, damaging or undesirable shall be restricted. In any case, emissions shall be limited 
as far as technically and operationally possible and economically feasible "regardless of the existing 
burden on the environment". Therefore, any restriction which is aimed at reaching the lowest 
reasonable exposure levels is required by EPL, with no need for further justification.  

The Italian health policy on electromagnetic fields, on the contrary, is based on a criticism 
of ICNIRP and other international bodies such as WHO, which considered that the available 
evidence on long term effects does not justify modifications in the guidelines. The scientific 
justification for such position may be revised in the light of more recent research. 
 
 
Scientific evidence of carcinogenic effects of RF exposure 
 

An information document issued by WHO outlined that "a scientific review, held under the 
International EMF Project, concluded that, from the current scientific literature, there is no 
convincing evidence that exposure to radiofrequency shortens the life span of humans, induces or 
promotes cancer” (WHO 1998). 

Similar conclusions were reached by ICNIRP. Explaining the biological basis for limiting 
exposure to RF fields, ICNRP noted that the epidemiological studies available at the time the 
guidelines were produced did not provide any convincing evidence that typical exposure levels 
were associated with increased cancer risk. Epidemiological findings were supported by laboratory 
studies in vitro and in vivo, that did not indicate teratogenic or carcinogenic effects of exposure 
levels below the threshold for thermal effects.  

Triggered by public pressure and concern, studies directly or indirectly related to 
carcinogenesis have constituted in the last years the largest area of bioelectromagnetic research. 
Epidemiology has grown, both in number and dimension of the studies, and in the quality of 
protocols. Also laboratory studies have been refined, in particular regarding the assessment of 
exposure and dosimetry, as well as the statistical analysis of data. Much effort has been made in the 
attempt to replicate studies that had suggested effects potentially relevant for carcinogenesis. 

According to IEGMP, the epidemiological studies give no convincing evidence of a raised 
risk of brain tumour, leukaemia or other cancers in relation to the use of mobile phones. Although 



no definite conclusion can be drawn, also due to limitations in the protocol (e.g. in the exposure 
assessment), the body of epidemiological evidence is sufficient to conclude that large, short 
induction period effects of exposure are unlikely. Recent laboratory studies point towards the same 
direction. Special attention deserves a study (Utteridge et al 2002) that failed to replicate the 
previous findings (Repacholi et al 1997) of increase lymphoma incidence in a transgenic mouse 
strain prone to tumour induction. The overall conclusion of the IEMGP report is that “the 
possibility of increased risk of cancer from exposure to RF radiation now seems less likely” 
(IEGMP 2003). 
 
 
Conclusions 
 

The ICNIRP guidelines, as well as protection standards developed by other internationally 
recognized bodies, are only based on effects that have been clearly established by the scientific 
research, based on universally accepted criteria. This is essential for the credibility of the standards 
themselves, of health authorities, and of science. 

The advancement of research is continuously monitored, and existing guidelines should be 
timely revised if consistent and convincing evidence emerged of significant effects occurring at 
exposure levels lower that thresholds presently accepted. However, most recent findings seem to 
corroborate the conclusions of scientific reviews that formed the basis for the existing guidelines, 
whose validity is therefore confirmed. 

Several biological effects have been reported at exposure levels below the threshold for 
thermal effects, but most of them require independent confirmation before being accepted as 
established. However, none seems to have relevant implications for human health. 

There seems to be no solid justification for precautionary measures beyond compliance with 
exposure limits. Voluntary actions for the reduction of exposure may be justified at the individual 
level if they help to reduce anxiety and worries, but should not be motivated by scientific 
arguments. At the societal level, precautionary policies aiming at reducing environmental exposure 
should be carefully evaluated and balanced against the implicit message of risk that precautionary 
measures may convey to the public. 

In any case, as recommended by WHO, EC and other international bodies, precautionary 
measures should be based on a cost/benefit analysis, and be proportionate on one side to the risk 
they aim at preventing, and on the other side to actions taken in other areas to prevent comparable 
risks. This requires a clear identification of the risk, and a quantitative, reliable estimation of the 
potential health impact. The large body of research presently available does not provide any 
convincing evidence of risk and a fortiori does not allow any guess on possible health consequence. 

Finally, should future research provide solid and quantitative indications of long term 
effects, the health risk would be stochastic in nature, with no threshold and a monotonic dose-
response dependence, the risk reducing to zero only for zero exposure. A different protection 
system should therefore be adopted, based on the definition of an acceptable level of risk, rather 
than its prevention. 
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