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INTRODUCTION
The first actions aimed at protecting from exposure to electromagnetic fields date back

to the ‘50s of the past century. Over the years, protection standards have evolved to become a
real “protection system”, founded on solid scientific bases and structured in a logic and
effective way.

The most authoritative standards are guidelines developed by the International
Commission on Non-Ionizing Radiation Protection (ICNIRP 1998), the successor of the
International Non Ionizing Radiation Committee of IRPA. Other internationally recognised
standards, such as those developed by the Institute of Electrical and Electronics Engineers
(IEEE 1999) or by the National Radiological Protection Board (NRPB 1993) in the UK, adopt
the same basic approach of ICNIRP, although some differences exist in numerical values.

In the last years, actions have been started aiming at a world-wide harmonisation of
EMF standards. About 30 countries have adopted the ICNIRP guidelines as national
regulations, and the Council of the European Union has issued a Recommendation to Member
States to adopt a common frame of norms on exposure to electromagnetic fields (EU 1999).
However, Italy has enforced national standards that diverge from international guidelines,
both in the rationale and in the numerical values of the limits.

The precautionary principle has been invoked to justify the Italian policy. While the
applicability of the principle to electromagnetic fields has been questioned by bodies such as
ICNIRP and the World Health Organization (WHO), even the possibility of practical
implementation of precautionary regulations similar to the Italian is far from being proved.

THE STRUCTURE OF INTERNATIONAL GUIDELINES
The ICNIRP guidelines, as well as other international standards, are based on a two-

level structure. Basic restrictions are defined in terms of “dosimetric quantities” - in particular
current density for low-frequency electric and magnetic fields, specific absorption rate (SAR)
for radiofrequency electromagnetic fields, and power density for frequencies above 10 GHz -
that are directly related to biological effects.

For practical reasons, “reference levels” are derived from basic restrictions, through
appropriate dosimetric models. Reference levels are expressed in terms of physical quantities
(electric field strength, magnetic field strength, and power density) that can be directly
measured. Given the conservative hypotheses assumed in dosimetric models, exposures to
fields that are below the reference levels necessarily comply with basic restrictions. The vice-
versa is not true: in the case reference levels are exceeded, the standard may be complied with,



provided it can be proved that basic restrictions are not exceeded under the specific exposure
conditions. 

This structure makes the ICNIRP guidelines flexible and applicable in principle to any
exposure condition, both at workplaces and in the living environment. 

Is it also important to note that the basic restrictions aim at preventing effects that have
been established through accepted scientific criteria (ICNIRP 1998; ICNIRP 2002). The clear
identification of these effects makes dosimetric quantities meaningful.

THE STRUCTURE OF THE ITALIAN PRECAUTIONARY LAW
In 2001, a so-called “framework law” was enforced in Italy, that is based on a

precautionary approach and completely differs from international guidelines (Italy 2001). The
law aims at the protection of workers and the general public from exposure to any electric,
magnetic, or electromagnetic fields in the frequency range up to 300 GHz.

No mention is made to basic restrictions, or to dosimetric quantities. Instead, three sets
of limits are defined, termed “exposure limits”, “attention levels”, and “quality goals”,
respectively; all of them are expressed in terms of radiometric quantities, i.e. electric field
strength, magnetic field strength, and power density (when appropriate).

Exposure limits are defined as values that cannot be exceeded in any circumstance,
and are aimed at protecting against acute effects. Attention levels are values not to be
exceeded in so-called “sensitive areas”, i.e. in any environment where prolonged stay of
persons may be expected; they are intended as cautionary measures against possible long term
effects of chronic exposure. Quality goals are values that should be reached through
appropriate actions and within a given period of time in order to minimize exposure.

As the name indicates, the framework law only provides general principles and criteria
for protection against electromagnetic fields. The definition of numerical values for the limits
mentioned above shall be the object of separate decrees that were expected to be enforced
within a few months, but have not yet been released.

The delay is partly due to political debates, but also reflects severe difficulties in
finding practical solutions that meet the requirements of the framework law. How much this is
due to the way this specific law is formulated, or to constraints of precautionary norms in
general, is a matter of debate.

It is to note however that the abandonment of the two-level scheme of protection, and
consequently of basic restrictions, is unavoidable when precautionary standards are developed
aiming at protecting against effects that are not established. In this case, in fact, no physical
quantity can be identified that is related to biological and health effects. This is what actually
occurs with electromagnetic fields: a basic reason for uncertainty about long term effects is
that no plausible interaction mechanism has been identified, or even suggested, that may
account for initiation or promotion of degenerative diseases, including cancer. Consequently,
there is no reason a priori to consider induced current density, SAR, or other dosimetric
quantities meaningful to establish exposure limits. In effect, the few precautionary standards
enforced so far only consist in an arbitrary reduction of exposure limits (in terms of field
strength) in given environments or conditions.



The Italian experience elucidates these difficulties. The discussion here is mainly
focused on occupational exposure, where problems are more evident; however, difficulties
and ambiguities also occur with the exposure of the general public.
A CASE STUDY: PROPOSALS FOR THE PROTECTION OF WORKERS IN ITALY

Already in 1999, a draft proposal for a decree on the protection of workers from
electric, magnetic, and electromagnetic fields was made public by the Italian government. The
document has been much criticised, and modified several times. In fact, amendments
introduced to remove specific problems on one side, generally created other difficulties or
inconsistencies on another side. The most recent version, although not officially publicized,
has been widely circulated through the media and is therefore known to the public. The
proposed values of exposure limits, attention levels, and quality goals are reported in Tabs. 1
and 2 for the electric and the magnetic field strength, respectively.
 The numerical values in the second column are identical to ICNIRP guidelines for
workers, but the meaning is different. While in the ICNIRP standard they are reference levels
that can be exceeded provided basic restrictions are not, in the Italian decree they are limits
that cannot be exceeded under any circumstance.

Table 1. Limits proposed by the Italian decree for the protection of workers against exposure
to the electric field (V/m)

Frequency range Exposure limits Attention levels Quality goals

up to 1 Hz - - -
1-8 Hz 20.000 - -
8-25 Hz 20.000 - -

0,025-0,82 kHz 500/f - -
0,82-65 kHz 610 - -
65-100 kHz 610 - -
0,1-1 MHz 610 87 6
1-10 MHz 610/f 87 f1/2 6

10-400 MHz 61 28 6
400-2000 MHz 3f1/2 1.375f1/2 6

2-300 GHz 137 61 6



Table 2. Limits proposed by the Italian decree for the protection of workers against exposure
to the magnetic field (A/m)

Frequency range Exposure limits Attention levels Quality goals

up to 1 Hz 1.63 x 105 - -
1-8 Hz 1.63 x 105/f2 - -
8-25 Hz 2 x 104/f - -

0,025-0,82 kHz 2 x 104/f See note 1 See note 2
0,82-65 kHz 24.4 - -
65-100 kHz 1.6/f - -
100-150 kHz 1.6/f 5 -
0,15-10 MHz 1.6/f 0.73/f 0.016
10-400 MHz 0.16 0.073 0.016

400-2000 MHz 0.008f1/2 0,0037f1/2 0.016
2-300 GHz 0.36 0,16 0.016

Notes:
1. The attention level is only set for the frequency of 50 Hz. It equals 50 µT in terms of magnetic flux density

(corresponding to 40 A/m)
2. The quality goal is only set for the frequency of 50 Hz. It equals 10 µT in terms of magnetic flux density

(corresponding to 8 A/m)

The consequences can be easily realized. In the absence of any specifications, it must
be assumed (a fortiori given the cautionary nature of the standard) that the limits hold for any
part of the body, however small and however marginal. This makes the Italian decree
extremely restrictive, and likely to pose severe limitations to a number of industrial
applications. Just to mention one case, maintenance of power lines (such as periodical
cleaning of conductors) would require switching off the entire line: in “live line” maintenance
in fact the operator experiences at the hands and at other parts of the body both electric and
magnetic fields largely above exposure limits.

This difficulty was immediately noted when the first draft was released. In response to
criticism, the standard was modified; in the new version, exposure limits were intended as
averaged over an area equivalent to the body surface. This amendment came out to present
even more limitations. The averaging process is in fact almost impossible due to the complex
distribution of fields in the close proximity of most industrial sources. In addition, and more
important, exposure limits in this case would be too permissive. Very high exposures of small
parts of the body (including critical organs) could in fact be allowed in the case of highly
inhomogeneous fields, where localised maxima may exceed the mean level by orders of
magnitude.

Similar remarks can be made for attention levels, that in addition pose problems
related to their definition itself. They are in fact defined in the framework law as “values of
the electric, magnetic, or electromagnetic field that must not be exceeded in dwellings,
schools, and environments when long stays are planned”. Attention levels are therefore
referred to the environment where the exposure may take place, rather than to the modality of
exposure of an individual. In other words, the concept of attention level is strictly related to



that of “sensitive areas”: in a sensitive area, no field exceeding the attention level must exist,
independently of the actual presence of persons, or the duration of stay. 

Indeed, any workplace is a sensitive area – by definition, being an environment where
people typically spend the whole workday – and consequently attention levels supplant
exposure limits, under any respect. Moreover, they are irrespective of the exposure time, and
other exposure characteristics: the same values apply for example to devices emitting
continuous waves or short pulses intermitted with relatively long pauses.

As already remarked, the decree has been re-drafted several times. In the last version,
the attention levels are intended as values “representative of cumulative exposure over the
long period”. The expression is obviously ambiguous. What is “representative”?: Is it the
linear average? Or the quadratic average? Or the median? Or other statistical quantities? And
why should the cumulative exposure be relevant? In the absence of a credible interaction
mechanism for long term effects, we cannot exclude, for example, that exposure to repetitive
short pulses of high intensity are more effective than continuos exposure to lower levels, or
the vice-versa. On the other hand, defining attention levels as instantaneous values (as it was
in one of the previous drafts) would probably be incompatible with many technologies, and in
any case is logically inconsistent with the prevention of long term effects.

To resume, attention levels cannot be instantaneous values, because their meaning
would be the same as exposure limits; and cannot be mean values because this would
contradict the general structure of the Italian law. 

The most recent draft of the decree tries to overcome this difficulty stating that
exposure limits are instantaneous, while attention levels are mean values (time averaged). The
criterion for the establishment of numerical values is interesting: the exposure limits for the
general public are assumed as attention levels for workers, and attention levels for the general
public are assumed as quality goals for workers. 

This criterion was probably chosen to solve another problem, that is the classification
of workers as “occupationally” exposed or not. In the modern society, almost every job
implies exposure to some kind of electromagnetic fields and the question arises which
workers the occupational standards should address. The problem is general, and not limited to
this specific Italian regulation: when a standard is based on scientific knowledge, balanced
solutions can be found through a trade-off of known elements; if the standard is aimed at
effects that are not established, no balance is possible. 

The Italian decree tries an empirical solution: a worker is classified as “occupationally
exposed to electromagnetic fields” if he, or she, may be exposed above attention levels. This
concept is obviously extraneous to any principle of protection, and is probably against
juridical principles. It is generally accepted in fact that permissible exposures are established
with regard to pre-defined categories, and not the vice-versa, i.e. that categories are defined a
posteriori based on exposure. 

Apart from these considerations of methodology, what is of interest for the scope of
these notes is that the rule is not practicable, as shown by the following example. 

The attention level for power frequency (50 Hz) magnetic fields is 50 �T. Suppose that
levels up to 20 �T can be found at a given workplace. Based on the above criterion, workers
are not classified as occupationally exposed, therefore they shall be considered as members of
the general population. But a companion draft decree for the general public (that is not



discussed in this paper) sets an attention level of 10 �T, that cannot be exceeded at the
workplace, being this a “sensitive area”. In conclusion, no people are allowed to stay in the
area. The example was reported here for specific limits, but the paradoxical situation occurs
whatever the numerical values of the attention levels, provided they are – as necessarily must
be – different for workers and the public.

THE CHOICE OF LIMITS: LOGIC AND CREDIBILITY
The discussion has focused so far on problems related to the implementation of

precaution-based standard. The choice of cautionary limits seemingly leads to logical
inconsistencies that cannot be resolved.

The practical problem of the choice of numerical values for these limits is apparently
less severe. In the case of inconsistency, numbers can in principle be changed to remove it.
For example, quality goals in Tabs. 1 and 2 are independent of frequency, and this is in
contrast with exposure limits and attention levels; the inconsistency, due to a tangle of
previous regulations, could be removed defining new quality goals, that have the same
frequency dependence and lower numerical values than attention levels.

But a general look at Tabs. 1 and 2 show further, and more severe, logical gaps. No
precautionary limits are set for frequencies up to 100 kHz. The justification should be that no
scientific data are available to define them. This again is paradoxical, because a huge quantity
of data exist on radiofrequency fields, consistently showing no evidence of health risks for
exposures below international limits. Therefore, precaution is adopted where we have quite
solid evidence against the existence of a risk, and is not adopted where we have little or no
knowledge, and hasards can be excluded with much less confidence.

It is likely that the absence of cautionary measures for fields in the region of
intermediate frequencies is due to inability to predict the impact of arbitrary limits on the
technologies (that are rapidly developing), rather than the impact on health. The hypothesis is
supported by the observation that reduction factors from exposure limits to attention values –
however arbitrary – vary without apparent reason, ranging (for the electric field) from about 8
in the frequency range 100 kHz - 1 Mz to about 2 for frequencies above 2 GHz.

CONCLUSIONS
Concern for possible health risks of electromagnetic fields has considerably increased

over the last years. In face of some findings suggesting the possibility of long term effects -
limited to power frequency magnetic fields – the request for cautionary measures has become
stronger and stronger. The precautionary principle has repeatedly been invoked to induce
national governments to enforce more restrictive standards than guidelines of ICNIRP and
other international bodies.

WHO considers that “the requirements for �a cautionary policy� as outlined by the
European Commission do not appear to be met in the case of either power- or radio-frequency
EMF”, and that “a principle requirement is that such policies be adopted only under the
condition that scientific assessments of risk and 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” (WHO 2000).

On the other hand, WHO, as well as ICNIRP and the European Union, recognise that
national governments may adopt measures that provide a higher level of protection than
granted by the international guidelines. Several countries have undertaken actions that range
from public information to recommendation for “prudent avoidance”, or voluntary actions to
reduce exposure.

Italy has enforced regulations whose rationale is basically different from the
“protection system” developed internationally. While the adoption of restrictive limits
(although termed differently) for specific sources and frequency ranges seems to have
increased controversies and worries, the establishment of such kind of limits for any type of
electromagnetic field and for any exposure condition is likely to be an impossible task.

The Italian experience provides useful lessons in this regard. Problems that have been
discussed here in relation to the decree on the protection of workers – others can be found in
the companion decree for the general public – are general, and go beyond the specific Italian
regulations. Once again, what is most evident is the importance that exposure limits (whatever
they are called) be based on solid scientific knowledge, anchored to concepts and quantities
that have clear biological and physical meaning, and derived through a logical and consistent
methodology.
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