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Abstract: This paper outlines the specific provisions of Italian legislation regarding workers’ exposure
to electromagnetic fields (EMFs) from 0 Hz to 300 GHz compared to the minimum health and
safety requirements set in European Directive 2013/35/EU. In particular, the path to be followed
to assess and manage occupational exposure to EMFs is outlined in relation to the distinction
between ‘professional” and ‘non-professional” exposure of workers, as well as to the precautionary
limits regarding exposures from power lines (50 Hz) and broadcast and telecommunication fixed
systems (100 kHz-300 GHz) established by Italian regulations. The reasons underlying such an
approach—mainly relying on the intent to reconcile scientific evidence with risk perception in public
opinion—are analysed and discussed with the aim of increasing the knowledge of national regulatory
provisions on occupational risk assessment, which may be more stringent than the requirements
envisaged by international guidelines and community regulations.

Keywords: electromagnetic fields; exposure assessment process; health and safety risks; occupational
exposure; Italian regulations

1. Introduction

Over the last few decades, the International Commission on Non-Ionising Radiation
Protection (ICNIRP)—a non-profit scientific organisation collaborating with the World
Health Organization (WHO) and the International Labour Organisation (ILO)—developed
and updated several guidelines for limiting exposure of workers and the general public to
electromagnetic fields (EMFs) from 0 Hz to 300 GHz (belonging to the frequency spectrum
of non-ionising radiation) for the purpose of providing protection against adverse effects,
i.e., effects causing detectable impairment of the health of the exposed individual or of his
or her offspring (health hazards), as well as effects that can cause harm or injuries (safety
hazards). ICNIRP guidelines have been periodically revised and updated as advances have
been made in the relevant scientific knowledge [1-5].

The adverse direct and indirect effects arising from exposure to EMFs, established
on the basis of scientific evidence, are acute effects. That is, they occur within a short
time interval from the exposure to the field each time the exposure level reaches a certain
threshold value: once the threshold is exceeded, the magnitude of the effect increases
proportionally to the exposure level.

The established direct effects from acute exposure to EMFs—i.e., biophysical effects
arising from direct interaction of EMFs with the human body—are short-term health or
sensory effects, such as the non-thermal effects of stimulation of peripheral nerves and
muscles or sensory organs induced by low-frequency fields (up to 10 MHz), as well as
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tissue heating due to energy absorption in body tissues from high-frequency fields (above
100 kHz), namely thermal effects.

The indirect effects—i.e., effects caused by the presence of an object in an electro-
magnetic field, which may become the cause of a safety or health hazard—are the spark
discharges or contact currents caused by touching conducting objects, the interference
with medical devices or metal elements implanted or worn on the body, the projectile risk
from ferromagnetic objects in static magnetic fields, and the initiation of electro-explosive
devices (detonators) and fires or explosions by sparks caused by induced fields, contact
currents, or spark discharges [1-3].

The relevant biological effect at the lowest level of exposure represents the scientific
criterion for defining the exposure limits for protection from ascertained acute effects. To
this end, ICNIRP has adopted a conservative approach by applying reduction factors to
the resultant thresholds to provide exposure restriction values in order to ensure that the
limits would remain protective from health effects even if exceeded by a substantial margin.
Reduction factors account for biological variability in the population, variations in baseline
conditions and environmental factors, dosimetric uncertainty associated with deriving
exposure values, and as a conservative measure more generally.

In this regard, the exposure restrictions differ between occupationally exposed in-
dividuals and members of the general public. Occupationally exposed individuals are
defined as adults who are exposed under controlled conditions associated with their oc-
cupational duties, trained to be aware of risks that may arise from exposure to EMFs at
the workplace—e.g., due to sensory effects and indirect effects that may occur under cer-
tain occupational exposure conditions, such as during work activities related to magnetic
resonance imaging (MRI)—and to employ appropriate harm-mitigation measures. An
occupationally exposed worker must also be subject to an appropriate health and safety
program that provides the above information and protection. Conversely, the general
public is defined as individuals of all ages and of differing health statuses, which includes
more vulnerable groups or individuals who may have no knowledge of or control over
their exposure to EMFs as members of the general public.

The above-reported differences suggest the need to include more stringent restrictions
for the general public by applying reduction factors to the limits defined for occupational
exposures. Nevertheless, occupationally exposed individuals are not deemed to be at
greater risk than the general public, providing that appropriate screening and training are
provided to account for all known risks [1-5].

It is to be noted that ICNIRP guidelines do not address suggested long-term effects
of exposure to EMFs since there is currently no well-established scientific evidence of
a causal relationship, although epidemiological research has provided suggestive but
unconvincing evidence of an association between possible carcinogenic effects and exposure
to extremely low-frequency (ELF) magnetic fields from power lines (50/60 Hz) [6], as well
as to radiofrequency (RF) electromagnetic fields in intensive cell phone users [7]. Based on
limited evidence of increased risk observed in epidemiological studies, the International
Agency for Research on Cancer (IARC) classified the exposure to ELF magnetic fields
(in 2001) [8] and to RF electromagnetic fields (in 2011) [9] as possibly carcinogenic to
humans (Group 2B). However, IARC highlighted that these results are neither conclusive
nor sufficient to demonstrate a causal link about a possible association between chronic
EMF exposure and the risk of developing cancer, as bias or confounding could not be ruled
out with reasonable confidence.

The European Commission is also committed to monitoring studies and developments
in scientific knowledge on the effects of exposure to EMFs. In this regard, in 2015, the
Scientific Committee on Emerging and Newly Identified Health Risks (SCENIHR)—headed
by the Directorate-General for Health and Consumer Protection of the European
Commission—published an opinion on the potential health effects of exposure to elec-
tromagnetic fields (EMFS) [10]. A thorough examination of relevant scientific data was
carried out, along with metadata analyses, to put forth an opinion on various topics per-
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taining to public health, which did not produce any conclusive evidence about EMF being
dangerous at exposure levels below the limits recommended by ICNIRP. Nevertheless,
the Scientific Committee recommended further research, particularly as it pertains to very
long-term exposure and potential risks of exposure to multiple sources.

In 2023 the Scientific Committee on Health, Environmental and Emerging Risks
(SCHEER) on request of the European Commission, produced an opinion concerning
the need of a revision of the exposure limits in the Council Recommendation 1999/519/EC
and Directive 2013/35/EU, in view of the latest scientific evidence available with regard
to radiofrequency EMFs (100 kHz-300 GHz) [11]. The SCHEER Opinion (2023) consid-
ered meta-analyses, systematic reviews, and single research papers published after the
SCENIHR Opinion (2015) on potential health effects of exposure to radiofrequency (RF)
electromagnetic fields (EMF). The SCHEER could not identify moderate or strong level
of evidence for adverse health effects resulting from chronic or acute RF EMF exposure
from existing technology at levels below the limits set in the annexes of Council Recom-
mendation 1999/519/EC and Directive 2013/35/EU. Nevertheless, the SCHEER Opinion
(2023) acknowledged that the latest (2020) ICNIRP exposure guidelines [5] respond to the
developments in RF-EMFs and introduce new dosimetric quantities and limits to them, that
can protect humans more effectively from emerging technological applications of RF-EMFs,
and, therefore, advised positively on the need of a technical revision of the annexes in
the Council Recommendation 1999/519/EC and Directive 2013/35/EU with regard to
radiofrequency electromagnetic fields (100 kHz to 300 GHz).

Moreover, in 2024 the SCHEER produced a report updating on potential health effects
of exposure to electromagnetic fields (EMF) with regard to frequencies between 1 Hz and
100 kHz [12]. The SCHEER Report (2024) could not identify recent (post 2015) systematic
reviews or meta-analyses on low frequency EMF exposure to update the previous (2015)
SCENIHR assessment and noted that there is no convincing evidence for a causal relation-
ship between ELF magnetic fields exposure and self-reported symptoms. The SCHEER
Report (2024) also noted that the weight of evidence on the health effects of Intermediate-
Frequency (IF) EMF exposure is uncertain due to contradictory information from differ-
ent lines of evidence, and that no conclusive results can be reached based on human
studies, either.

Recent studies addressing workplace exposures to both ELF magnetic fields and RF
electromagnetic fields have not shown an increasing risk of tumours regarding EMF expo-
sure at work [13-15]. Furthermore, two recent animal studies investigated the carcinogenic
potential of long-term exposure to radiofrequency EMFs associated with mobile phones
and mobile phone base stations [16-18]. Although both studies used large numbers of
animals, best laboratory practice, and exposed animals for the whole of their lives, they
showed inconsistencies and important limitations that affect the usefulness of their results,
so their findings do not provide evidence that radiofrequency EMFs are carcinogenic, nor
can they be considered for setting exposure guidelines [5]. In summary, at the current stage
of scientific knowledge, no long-term effects of EMFs on the induction or development of
cancer have been substantiated.

A wide consensus exists on the ICNIRP guidelines, which constitute the basis of
European regulations for the protection of workers and the general public from exposure
to EMFs, i.e., the Council Recommendation 1999/519/CE of the 12th of July 1999 on the
limitation of exposure of the general public to EMFs [19] and the European Directive
2013/35/EU on the minimum health and safety requirements regarding the exposure
of workers to the risks arising from EMFs [20]. It is worth noting that the occupational
exposure restrictions in the Directive are legally binding for member states, whereas the
restrictions for the general public in the Recommendation are not legally binding per se
but have been endorsed by the Commission’s Scientific Steering Committee (Recital 10
of Council Recommendation 1999/519/EC) and confirmed by the European Commission
in 2016 as state-of-the-art and as the basis for general public EMF product standards [21].
Consequently, the EMF exposure limits referred to in [19,20] have been transposed into
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national legislations of member states, which, however, may establish additional or more
rigorous provisions, as occurred in Italy [22].

The peculiarity of Italian legislation relies on Italian Framework Law no. 36 of 22 of
February 2001 for the protection of workers and the general public from exposure to EMFs
(hereafter referred to as Framework Law 36/2001) [23]. The Framework Law was issued
following the widespread use of mobile communications technologies in the nineties of the
last century, which triggered a perception of risk in public opinion not always based on
scientifically confirmed information [24]. Consequently, Italian legislation on the limitation
of exposure to EMFs enacted over the last twenty years was driven both by the aim of
protecting health from the established acute effects of EMFs and by the intent of mitigating
public opinion concern about potential long-term effects of EMFs, for which, however,
there is no conclusive scientific evidence [1,3,5,20].

To this end, albeit that EMFs from 0 Hz to 300 GHz belong to the frequency spectrum
of non-ionising radiation, Italian legislators decided to adopt the ALARA principle (i.e.,
“As Low As Reasonably Achievable”), first introduced in 1977 by the International Com-
mission on Radiologic Protection (ICRP) to balance the risks and benefits of using ionising
radiation for diagnostics [25]. The ALARA principle, based on the concept of reducing
radiation exposure to the lowest reasonably achievable dose levels, is not only a sound
radiation safety principle but also a regulatory requirement for all “radiation protection pro-
grams to prevent unnecessary exposure as well as overexposure”, as indicated in Directive
2013/59/EURATOM [26].

Borrowing the ALARA principle, Italian Framework Law 36/2001, together with
Prime Ministerial Implementing Decrees (DPCMs), namely DPCM of 8 July 2003 on low
frequencies [27] and DPCM of 8 of July 2003 on high frequencies [28], established more
rigorous restrictions regarding the exposure of the general public attributable to power
lines (PL) at grid frequency (50 Hz) and to broadcast and telecommunication fixed systems
(BTFS) from 100 kHz to 300 GHz, compared to the limits for the general public referred to
in Council Recommendation 1999/519/EC.

The distinction between ‘professional” and ‘non-professional” exposure of workers
to EMFs, established by Article 3 of Framework Law 36/2001, is the other remarkable
peculiarity of Italian legislation inspired by the ALARA principle with the aim of reducing
EMF exposure in the workplace. By virtue of such a provision, the national precautionary
limits referred to in the aforementioned decrees [27,28] apply to workers who are not
exposed to EMFs for professional reasons—i.e., those who perform duties that do not
justify exposure to levels of EMFs above the limits envisaged for the general public.

This paper provides an overview of the regulatory framework on the limitation of
EMF exposure of workers and the general public established by European regulations
and analyses the peculiarities of Italian legislation concerning EMF occupational expo-
sure compared to the minimum health and safety requirements referred to in Directive
2013/35/EU [20]. Furthermore, a path to be followed to assess and manage EMF risk
at the workplace is outlined, taking into account the specific provisions referred to in
Italian Framework Law 36/2001 [23] and related implementing decrees [27,28], as well
as the indications of technical standards and best practice guides issued by the Italian
Electrotechnical Committee (CEI) [29] and the European Commission [30]. Finally, some
considerations are provided regarding the ALARA approach inspiring Italian legislation on
the protection of workers and the general public from exposure to EMFs compared to the
rationale underlying the relevant European regulations, intended to provide the minimum
health and safety requirements for protection from established adverse effects caused
by EMFs.

2. Regulatory Framework
2.1. European Regulatory Framework on EMF Protection

Directive 2013/35/EU on the limitation of exposure of workers to EMFs [20] outlines
a framework of exposure limit values (ELVs) and action levels (ALs), which are derived
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from the occupational limits of ICNIRP 1998 guidelines [1] concerning thermal effects
of exposures to time-varying electromagnetic fields (100 kHz to 300 GHz) and from the
occupational limits of ICNIRP 2009 [2] and ICNIRP 2010 [3] guidelines concerning non-
thermal effects of exposures to static magnetic fields and time-varying electric and magnetic
fields (1 Hz to 10 MHz), respectively. It is to be noted that there are some differences between
ICNIRP 2010 guidelines [3] and Directive 2013/35/EU [20]—such as the possibility of
exceeding the exposure limits for health effects, formally recognized in Article 10 dealing
with derogations, which is not foreseen by the ICNIRP guidelines—and the distinction
between low and high AL introduced in the Directive. Moreover, both ICNIRP 2014 [4]
and 2020 [5] guidelines are not considered by Directive 2013/35/EU, as they were issued
subsequently. Likewise, Council Recommendation 1999/519/EC [19] outlines a framework
of basic restrictions (BRs) and reference levels (RLs) for the limitation of exposure of the
general public to EMFs up to 300 GHz, which are based on the limits for the general public
of ICNIRP 1998 guidelines [1].

Both the BRs and ELVs are expressed in terms of basic quantities (dosimetric limits)
that correlate observed effects with the exposure level within the human body, whereas the
RLs and ALs are precautionary values expressed in terms of measurable quantities in the
environment in unperturbed conditions (i.e., absence of the exposed subject), which are
derived from the basic quantities under standardized worst-case exposure conditions in
order to simplify the process of verifying compliance with the BRs and ELVs, respectively.
Additional RLs and ALs are defined for the purposes of protection against indirect effects,
as compliance with the relevant BRs or ELVs may not necessarily avoid risks from indirect
effects such as interference with medical devices, contact currents, and spark discharges [20].
In case the RLs or the ALs are exceeded, it is necessary to prove that the relevant BRs or
ELVs are respected and that safety risks can be excluded. Alternatively, technical and/or
organisational measures, such as the provisions aimed at avoiding or reducing risks at the
workplace reported in Article 5 of Directive 2013/35/EU, must be implemented.

2.2. Italian Legislation on EMF Protection

Directive 2013/35/EU was transposed into Italian legislation through Legislative De-
cree no. 159 of 1 August 2016 (Legislative Decree 159/2016) [31], which amended Title VIII
(physical agents) of Legislative Decree no. 81 of the 9th of April 2008—"“Consolidated Act
on Health and Safety at Work” (Legislative Decree 81/2008) [32]—by completely rewriting
Chapter IV (Protection of workers from the risks of exposure to electromagnetic fields),
revising Chapter VI (sanctions), and replacing Annex XXXVI (EMF exposure limits). The
exposure limits referred to in Annex XXXVI of Legislative Decree 81/2008 and subsequent
modifications and amendments (s.m.a.) are identical to those reported in Annex II (non-
thermal effects) and Annex III (thermal effects) of Directive 2013/35/EU; it is to be noted
that the ‘action levels’ (ALs) referred to in the European Directive are named ‘action values’
(AVs) in Legislative Decree 81/2008 and s.m.a. Italian transposition also introduced, in
clause 6 of Article 208 of Legislative Decree 81/2008 and s.m.a., the employer’s obligation
to communicate to the territorially competent supervisory body, by way of a technical
report, the planned overcoming of the lower AVs (i.e., lower ALs) for magnetic fields or
the ELVs related to sensory effects. It is worth noting that such obligation does not refer to
the accidental overcoming of exposure limits—in which case the employer must update
the assessment of risks and the measures taken to restore safety conditions, pursuant to
Article 210, paragraph 7 of Legislative Decree 81/2008 and s.m.a.—but to the anticipated
and programmable exceedances of the limits related to sensory effects, and only where
justified by the working practice or process.

In order to properly address EMF risk assessment at the workplace, the combined
provisions of both Legislative Decree 81/2008 and s.m.a. and Framework Law 36/2001
must be taken into account, along with the Prime Ministerial Decrees (DPCMs) of 8 July
2003 implementing the Framework Law, namely:
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e  DPCM 8 July 2003 on low frequencies (LF): “Establishment of exposure limits, attention
values and quality goals for protection of the general public from exposure to electric
and magnetic fields at grid frequency (50 Hz) generated by power lines” [27].

e DPCM 8 July 2003 on high frequencies (HF): “Establishment of exposure limits, at-
tention values and quality goals for protection of the general public from exposure
to electric, magnetic and electromagnetic fields generated at frequencies between
100 kHz and 300 GHz” [28] as amended both by Article 14 of Conversion Law no. 221
of 17 December 2012 (Law 221/2012) [33]—which partially modified the detection
criteria of immission values for the relevant exposure restrictions—and by Article 10
of Law no. 214 of 30 December 2023 (Law 214/2023)—which revised the national
restrictions on HF-EMF exposure of the general public [34].

The aforementioned national decrees incorporate the set of restrictions on EMF expo-
sure of the general public as referred to in Council Recommendation 1999/519/EC, except
for exposures to ELF magnetic fields attributable to power lines (PL) at grid frequency
(50 Hz) whatever the voltage [27], and to HF electromagnetic fields attributable to broadcast
and telecommunications fixed systems (BTFS) from 100 kHz to 300 GHz [28,33,34]—for
which more conservative exposure restrictions are established compared to those envisaged
by Council Recommendation 1999/519/EC, as detailed here below:

e  Exposure Limits (ELs)—exposure restrictions defined in terms of immission values
(RMS, root-mean-square) for the purpose of protecting health from acute effects, which
must not be exceeded in any case [27,28,33].

e Attention Values (AtVs)—exposure restrictions defined in terms of immission values
(RMS) for the purpose of protection from possible long-term effects of EMF exposure,
which apply in places or within buildings with permanence no lower than 4 h per
day [27,28,33,34].

e  Quality Goals (QGs)—exposure restrictions defined in terms of immission values
(RMS) for the purpose of progressive minimization of environmental exposure to
EMFs, which apply both in the planning of new settlements or new installations
envisaging permanence no lower than 4 h per day [27] and in highly frequented
outdoor areas [28,33,34].

It is worth noting that the above-reported national limits—as detailed in Table 1
with reference to PL at 50 Hz and in Tables 2—4 with reference to BTFS from 100 kHz to
300 GHz—do not derive from ICNIRP guidelines or dosimetric evaluations but are based
on precautionary considerations concerning suggested effects of long-term exposure to
EMFs [23].

Table 1. Italian restrictions on EMF exposure of the general public to power lines at grid frequency
(50 Hz) [27].

E-Field B-Field B-Field B-Field
Exposure Limit ? Exposure Limit 2 Attention Value P Quality Goal ¢
5kV/m 100 uT 10 uT 3uT
(RMS value) (RMS value) (median over 24 h) (median over 24 h)

2 Restrictions on exposure to electric and magnetic fields generated by power lines at the frequency of 50 Hz,
defined for the purpose of protecting health from acute effects and to be intended as RMS immission values
measured or calculated at a height of 1.5 m from the floor. P Precautionary measures for protection from possible
long-term effects related to exposure from magnetic fields generated by power lines at the frequency of 50 Hz in
places with permanence no lower than 4 h per day, defined as the median over 24 h of RMS immission values
measured or calculated at a height of 1.5 m from the floor under normal operating conditions. ¢ Precautionary
measures for the purpose of progressive minimization of exposure to magnetic fields generated by power lines
at the frequency of 50 Hz, defined as the median over 24 h of RMS immission values measured or calculated at
a height of 1.5 m from the floor under normal operating conditions, which apply in planning new installations
of power lines in proximity to places with permanence no lower than 4 h per day as well as of new settlements
envisaging permanence no lower than 4 h per day [27].
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Table 2. Italian restrictions on EMF exposure of the general public to broadcast and telecommunication
fixed systems (100 kHz-300 GHz)—Exposure limits ? [28].

Frequenc E-Field H-Field Power Density
quency (V/m) (A/m) (W/m2)
0.1<f<3MHz 60 0.2 -
3 < f <3000 MHz 20 0.05 1
3 < f<300GHz 40 0.01 4

2 Exposure restrictions defined for the purpose of protecting health from acute effects that must not be exceeded
in any case, defined as RMS immission values measured or calculated at a height of 1.5 m from the floor and to be
averaged over any temporal interval of 6 min [28].

Table 3. Italian restrictions on EMF exposure of general public to broadcast and telecommunication
fixed systems (100 kHz-300 GHz)—Attention values ? b 28].

Frequenc E-Field H-Field Power Density
quency (V/m) (A/m) (W/m?)
0.10
0.1 MHz < f < 300 GHz 6 0.016

(3 MH2z-300 GHz)

2 RMS immission values measured or calculated at a height of 1.5 m from the floor and to be averaged over
24 h [33]. ? Precautionary measure for protection from possible long-term effects related to EMF exposure within
buildings used for permanence no lower than 4 h per day and their external appurtenances used as habitable
spaces such as balconies, terraces, and courtyards, excluding flat roofs [28,33].

Table 4. Italian restrictions on EMF exposure of the general public to broadcast and telecommunication
fixed systems (100 kHz-300 GHz)—Quality goals ® b 128].

Frequenc E-Field H-Field Power Density
quency (V/m) (A/m) (W/m2)
0.10
0.1 MHz < f < 300 GHz 6 0.016

(3 MH2z-300 GHz)

2 RMS values measured or calculated at a height of 1.5 m from the floor and to be averaged over 24 h [33].
b Immission values calculated or measured outdoor in highly frequented areas, established with the aim of
progressive minimization of EMF exposure [28].

Law no. 214 of 30 December 2023—"Annual law for the market and competition 2022”
(Law 214/2023)—partially modified, under the provisions in Article 10, the national EMF
exposure restrictions that apply to the general public and non-professional exposures of
workers [34]. In particular, as reported in Table 5, the aforementioned article established
the increase in the AtVs and QGs for EMF exposures relating to BTFS from 100 kHz to
300 GHz with respect to the immission values referred to in DPCM 8 July 2003 on HF [28]
“in order to strengthen the mobile network and guarantee users and enterprises the offer of
high-quality connectivity services, without prejudice to public health” and “in compliance
with the rules, recommendations and guidelines of the European Union”. It is to be noted
that the provisions referred to in Article 10 of Law 214/2023 did not modify the detection
criteria established by Article 14 of Law 221/2012 [33] and that the updated national limits
remain below the RLs for the general public set in Council Recommendation 1999/519/EC.

Italian Framework Law 36/2001 [23] also introduced a remarkable distinction between
‘professional” and ‘non-professional’” exposure of workers to EMFs, which is not explicitly
stated in Directive 2013/35/EU [20]. Specifically, the Framework Law defines “professional
exposure’ to EMFs as “any type of exposure of workers who, due to their specific work activity,
are exposed to electric, magnetic and electromagnetic fields” (as per Article 3, paragraph 1,
letter f) and exposure of the general public as “any type of exposure to electric, magnetic
and electromagnetic fields, with the exception of the exposure referred to in letter f) and
intentional exposure for diagnostic or therapeutic purposes” (as per Article 3, paragraph 1,
letter g). By virtue of such a definition, ‘non-professional” exposures of workers to EMFs—i.e.,
the occupational exposures to EMFs that are unrelated and not necessary to the specific task
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assigned in relation to the needs of the production process—are to be assimilated to those of
the general public for which the related tighter restrictions apply.

Table 5. Italian restrictions on EMF exposure of the general public to broadcast and telecommunication
fixed systems (100 kHz-300 GHz) as updated by Law 214/2024 [34]—Attention Values ? b and Quality
goals @€,

Frequenc E-Field H-Field Power Density
quency (V/m) (A/m) (W/m?)
0.1 MHz < f < 300 GHz 15 0.039 0.59 (3 MHz-300 GHz)

2 RMS values measured or calculated at a height of 1.5 m from the floor and to be averaged over 24 h [33].
b Precautionary measures for protection from possible long-term effects related to EMF exposure within buildings
used for permanence no lower than 4 h per day and their external appurtenances used as habitable spaces such
as balconies, terraces, and courtyards, excluding flat roofs [28,33]. < Immission values calculated or measured
outdoor in highly frequented areas, established with the aim of progressive minimization of EMF exposure [28].

Under such premises, the general provisions referred to in Title I (common principles)
of Legislative Decree 81/2008 and s.m.a. must be applied to all workers in order to prevent
and protect against health and safety risks in the workplace. Without prejudice to the
foregoing and by virtue of the combined provisions of Legislative Decree 81/2008 and
Framework Law 36/2001 regarding the assessment of risks deriving from exposure to
EMFs at the workplace, it is necessary to distinguish between the workers who perform
specific tasks involving “professional” exposure to EMFs and the workers whose duties do
not justify exposure to EMFs above the limits established for the general public.

Accordingly, the provisions in Legislative Decree 81/2008 and s.m.a.—namely the
limits for occupational exposure referred to in Article 208 and Annex XXXVI (identical
to the limits in Annexes II and III of Directive 2013/35/EU)—must be applied to the
workers exposed to EMFs for ‘professional reasons’, whereas the limits for the general
public set by DPCMs 8/7/2003 [27,28] as subsequently amended [33,34] must be applied
to non-professional exposure of workers.

In Figure 1 is summarised the Italian regulatory framework regarding the protection
of workers and the general public from exposure to EMFs up to 300 GHz, while in Figure 2
the flow-chart of EMF exposure assessment process under Italian regulatory framework is
described. Moreover, in Table 6 is reported a comparison between EMF exposure restrictions
defined by Italian and European regulations for some relevant frequencies and applications.
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Figure 1. Italian regulatory framework regarding the protection of workers and the general public from EMF exposures.
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Table 6. Summary of the EMF exposure restrictions set by the Italian and European regulations for some relevant frequencies and applications.
Relevant Frequencies and Applications
Exposure Tiers and Exposure
Regulatory References Restrictions 50 Hz 100 MHz 400 MHz 900 MHz 1800 MHz 2100 MHz 2600 MHz 3700 MHz
(PL) (FM) (DVB-T) (GSM) (GSM) (UMTS) (LTE) (5G)
. Exposure
General Public and Limits 5kV/m 100 uT 20V/m 20V/m 20V/m 20V/m 20V/m 20V/m 40V/m
Non-Professional Exposure of Workers Attention
Italian DPCM 8/7/2003 Values - 10 uT 15V/m 15V/m 15V/m 15V/m 15V/m 15V/m 15V/m
(PL and BTES) Quality Goals - 34T 15V/m  15V/m  15V/m  15V/m  15V/m  15V/m  15V/m
General Public and
Non-Professional Exposure of Workers Reference
Council Recommendation 1999/519/EC Levels 5kV/m 100 uT 28V/m 28V/m 41V/m 58 V/m 61V/m 61V/m 61V/m
(all other EMF sources)
1mT
Professional Exposure 10kV/m (Low
of Workers Action Levels (Low AL) AL) 61 V/m 60 V/m 0V/m 127 V/m 140 V/m 140 V/m 140 V/m
Directive 2013/35/EU (Action 6mT
(transposed into Title VIII, Chapter IV of Values) 20kV/m (High
Italian Legislative Decree 81/2008 and s.m.a.) (High AL) AL)

Note—PL: power lines at grid frequency (50 Hz); BTFS: broadcast and telecommunication fixed systems (100 kHz-300 GHz); FM: frequency modulation; DVB-T: Digital Video Broadcasting-Terrestrial; GSM: Global System
for Mobile communications (2G); UMTS: Universal Mobile Telecommunications System (3G); LTE: Long-Term Evolution (4G); 5G: 5th-Generation mobile communications.
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3. EMF Risk Assessment and Management

The process of EMF risk assessment—referred to in Article 209 of Italian Legislative De-
cree 81/2008 and s.m.a. (transposition of Article 4 of Directive 2013/35/EU but with some
integrations in order to take into account the provisions of Italian legislation)—develops
through the following steps: the identification of EMF sources and workers exposed to
EMFs, followed by the assessment of compliance with the relevant EMF exposure restric-
tions by means of measurements and/or calculations or on the basis of readily accessible
information. The assessment, measurements, and calculations of EMF exposure levels must
be carried out taking into account the Practical Guides of the European Commission [30]
and the relevant technical standards of the European Committee for Electrotechnical Stan-
dardization (CENELEC) [35] and of the Italian Electrotechnical Committee (CEI) [29], as
well as information available in officially recognized data banks [36].

The risk assessment process is concluded with the identification of any prevention
and/or protection measures aimed at avoiding or reducing risks—including technical
and organisational measures, training and information, and health surveillance referred
to in Articles 210, 210-bis, and 211, respectively—as well as with their adaptation to the
workers at particular risk—such as workers wearing active or passive implanted medical
devices (e.g., cardiac pacemakers), workers with medical devices worn on the body (e.g.,
insulin pumps), and pregnant workers—for which the AVs referred to in Annex XXXVI
of Legislative Decree 81/2008 and s.m.a. (i.e., the ALs in Annexes II and III of Directive
2013/35/EU) may not provide adequate protection or avoid safety risks from indirect
effects of EMFs. The outcome of risk assessment must be reported in the mandatory risk-
assessment report, namely the Risk Assessment Document referred to in Articles 17 and 28
of Legislative Decree 81/2008 and s.m.a., which must be signed by the employer [32,37].

3.1. CEI 106-45 EMF Guide

CEI 106-45 EMF Guide [29], issued in January 2021 by the Italian Electrotechnical Com-
mittee (CEI)—sub-committee CT 106 “Human exposure to electromagnetic fields”—provides
a detailed overview of the Italian regulatory framework on EMF risk assessment at the work-
place, together with guidance for managing the afore-described asymmetry between European
and Italian regulations concerning occupational exposure to EMFs. To this end, the Guide in-
tegrates the contents of the European technical standard EN 50499:2019 [35]—which provides
a general procedure for the assessment of occupational EMF exposure in order to determine
compliance with the relevant ELVs and/or ALs referred to in Directive 2013/35/EU—and
the specific provisions of Italian regulations, thus giving operative support and interpre-
tative clarifications for the identification, assessment, and management of EMF risks at
the workplace.

The synoptic tables, enclosed in CEI 106-45, refer to various EMF sources commonly
present in occupational environments, including power lines, base transmitting stations,
television broadcast systems, and electric arc welders. The tables summarise the informa-
tion necessary to properly address EMF risk assessment, such as the identification of EMF
sources, the relevant normative references, the zoning of the workplace, and the specific
requirements regarding workers at particular risk. The Guide is also accompanied by a set
of annexes in which specific topics are explored—including risk assessment for workers at
particular risk, simultaneous exposure to multiple sources and multiple frequencies, spark
discharges, and motion control within static magnetic fields.

Italian Zoning of the Workplace

The zoning of the workplace proposed in CEI 106-45 is derived from the organisational
procedure described in Annex E of EN 50499:2019, with some integrations to consider the
specific provisions of Italian legislation. The zones are defined based on the results of EMF
exposure assessment at the workplace, with the aim of both avoiding undue exposure and
reducing the risk. The zones are not intended as areas defined by rigid or strict boundaries,
corresponding to the exact surface in which the different levels of exposure can be exceeded.
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For convenience, the zones may correspond to existing areas in the workplace, such as
specific parts of a building or an environment that contain equipment that may cause
exposure above the limits for the general public. The zones are defined in CEI 106-45 as
described below:

Zone Oa: workplace in which EMF exposure levels are compliant with the restrictions
for the general public referred to in Framework Law 36/2001 and the related imple-
menting decrees or in which all the equipment has been assessed as suitable for use by
the general public. Prolonged stays (>4 h) are permitted. Further requirements may
apply to workers wearing active implanted medical devices e.g., 0.5—mT AV related
to interference from static magnetic fields [32].

Zone 0b: workplace in which EMF exposure levels from power lines (PL) at grid
frequency (50 Hz) or from broadcast and telecommunication fixed systems (BTFS)
from 100 kHz to 300 GHz are compliant with the ELs for the general public referred to
in Framework Law 36/2001 and the related implementing decrees but may exceed the
relevant AtVs and/or QGs. Prolonged stays (>4 h) may not be permitted [23]. Further
requirements may apply to workers wearing active implanted medical devices.

Zone 1a: workplace in which EMF exposure levels may be greater than the limits for
the general public but are compliant with the low ALs or the ELVs for sensory effects
referred to in Annex XXXVI of D.Lgs. 81/2008 and s.m.a. [32]. Access is permitted
only to workers exposed for professional reasons to EMFs [23].

Zone 1b: workplace in which EMF exposure levels are compliant with the high ALs
or the ELVs for health effects but may exceed any applicable sensory effects ELVs or
low ALs [32]. Access is permitted only to workers exposed for professional reasons
to EMFs [23]. Control measures may be required to ensure that any exceedance of
sensory effects ELVs is only temporary—such as the protective measures specified
in Article 209 as well as information and training referred to in Article 210-bis, to be
taken in case the low ALs for the electric field are exceeded [32].

Zone 2: workplace where EMF exposure levels may be greater than health effects ELVs
referred to in Annex XXXVI of D.Lgs. 81/2008 and s.m.a. [32]. Access is forbidden
to all workers—including those exposed for professional reasons to EMFs—unless
remedial measures are taken to reduce exposure below health effects ELVs and any
safety risk can be excluded, or unless conditions subsist to authorize derogations
pursuant to the provisions referred to in Article 212 [32].

Figures 3 and 4 describe the zoning of the workplace defined in [29] with regards to

EMEF exposures attributable to PL (50 Hz) and BTFS (100 kHz-300 GHz), respectively, for
which the national limits for the general public referred to in Framework Law 36/2001 and
the related implementing decrees apply.

Exposures to power lines at grid frequency (50 Hz)

Exposures > 4 hrs Exposures < 4 hrs

Exposures not for Professional exposures
professional reasons (access controlled/limited)

Exposure restrictions Exposure restrictions
DPCM 8/7/2003 LF D.lIgs. 81/2008 (Directive 2013/35/EU)
NO
ACCESS

4
4

L

. g . | @ AREA
i

[ |
Zone Ob Zone' 1a Zone 1b Zone 2

Exposure limit (B) = 00 uT Alew (8) = 1 mT ALsch(B) = 6 mT — ALins:(B) = 18 mT
Exposure limit(E) = 5 kV/m OF ELVyen: =100 mV/m ALsa (E) = 20 kv/m
or

Al (E) = 10 k/m ELVpequy = 800 mV/m

Figure 3. Zoning of the workplace as defined by CEI 106-45 for power lines at 50 Hz [29].
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| Exposures to fixed telecommunications and broadcast systems |

Exposures not for
professional reasons

Professional exposures
(access controlled/limited)
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Exposure restrictions
DPCM 8/7/2003 HF

Exposures 2 4 hrs /

Exposures < 4 hrs

Exposure restrictions
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1999/519/EC
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D.Igs. 81/2008
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(Directive 2013/35/EU)
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Figure 4. Zoning of the workplace as defined by CEI 106-45 for BTFS (100 kHz-300 GHz) [29].

3.2. Health Surveillance

According to Italian regulations, health surveillance for workers exposed for pro-
fessional reasons to EMFs is carried out periodically, usually once a year or at a lower
periodicity based on the decision of the occupational physician, pursuant to Article 211,
clause 1 of Legislative Decree 81/2008 and s.m.a. [32]. Furthermore, pursuant to Article
211, clause 2, medical control is provided to workers who report unwanted or unexpected
effects on health, including sensory effects, along with appropriate health surveillance if
deemed necessary by the physician. The medical control referred to in this clause is also
guaranteed if exposure exceeding the ELVs for sensory effects or the ELVs for health effects
has been detected.

An authoritative reference at the national level is also represented by the Guidelines
for Health Surveillance of Workers Exposed to Electromagnetic Fields—issued by the
Italian Association of Medical Radiation Protection (AIRM) in 2012 and revised in 2021
with an up-to-date review of scientific and medical literature [38]—which illustrates the
health surveillance protocols recommended to occupational physicians involved in EMF
risk assessment at the workplace, as summarized in Table 7.

Table 7. Summary of health surveillance protocols recommended by AIRM Guidelines to occupational
physicians involved in EMF risk assessment at the workplace [38].

Frequency Range

Periodic Medical
Examinations
(to Ascertain Any Onset of
Conditions of Particular Risk)

Preventive Medical
Examinations (to Ascertain Any
Presence of Conditions of
Particular Risk)

Extraordinary Medical
Examination ¢
(Exceeding of ELVs/Unwanted or
Unexpected Effects Onset)

Static magnetic fields and
magnetic fields with frequency
<1Hz

Medical examination
Any medical examination in

Annual medical examination 2 for
workers acknowledged at

Low-frequency fields

(1 Hz—100 kHz) and
intermediate-frequency fields

(100 kHz—10 MHz)

particular risk and for those
systematically exposed above
ELVs, but with different
periodicity according to worker’s
conditions and to the level of

relation to the extent of exceeding
ELVs and/or to reported effects
(e.g., oculist and/or cardiologic

Medical examination .
consulting)

Anamnestic questionnaire for

High-frequency fields
(10 MHz—300 GHz)

active and passive medical

" Medical examination
devices

Any medical examination in
relation to the extent of exceeding
ELVs, to the body districts
involved and/or to reported
effects (e.g., oculist, cardiologic,
dermatological consulting, etc.)

exposure (flexibility /derogation
principle)
Medical examination to be
repeated every four years
Anamnestic questionnaire for
active and passive medical
devices

2 To verify the evolution of clinical conditions of particular sensitivity. b To verify the persistence of absence
of conditions of particular sensitivity and to renew targeted information when updating the Risk Assessment
Document. ¢ To verify the onset of acute effects and to manage their evolution, to assess the association between
unwanted /unexpected effects with the exposure, and to monitor their evolution.
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4. Discussion and Conclusions

Despite the vast, continually evolving scientific and legislative literature regarding
occupational exposure to EMFs, a “compass” is often needed to maintain the right course
in assessing health and safety risks arising from EMF exposure in the workplace, owing to
the additional provisions set by national regulations compared to the minimum health and
safety requirements envisaged by international guidelines and European regulations.

In the European Union, Council Recommendation 1999/519/EC and Directive 2013/35/EU
set limits for the purpose of protection of the general public and workers, respectively, from
exposure to EMFs from 0 Hz to 300 GHz. The aforementioned limits are derived from the rele-
vant restrictions recommended in ICNIRP guidelines, which address established adverse effects
caused by exposure to EMFs—i.e., acute effects for which a causal link with EMF exposure has
been scientifically ascertained, and the biophysical mechanism of interaction is well defined.

To this end, a conservative approach is adopted in ICNIRP guidelines to provide
exposure restriction values for occupationally exposed individuals by applying reduction
factors to threshold field levels for the onset of harmful effects on health, in order to ensure
that the limits would remain protective even if exceeded by a substantial margin. Further
reduction factors are applied to provide exposure restriction values for the general public,
which includes more vulnerable groups or individuals who may have no knowledge of or
control over their exposure to EMFs.

Accordingly, the exposure restrictions recommended by ICNIRP and transposed in
European regulations can be considered overprotective against established health effects
caused by EMFs, occur at exposure levels well above the exposure limit values. Given the
foregoing, occupationally exposed individuals are not deemed to be at greater risk than the
general public, providing that appropriate screening and training is provided to account
for all known risks.

It is, however, to be noted that the thresholds for indirect effects of EMFs are usually
lower than those for direct effects; in particular, interference problems with active medical
electronic devices may occur at exposure levels below the recommended reference levels
for the general public referred to in Recommendation 1999/519/CE, and should therefore
be the object of appropriate precautions and protective measures, as stated in Recital 23 in
the Preamble of Directive 2013/35/EU.

Moreover, the exposure restrictions referred to in ICNIRP guidelines and transposed
in the Recommendation and Directive do not address suggested effects from long-term
exposure to EMFs, for which there is, at present, no conclusive scientific evidence of possible
adverse effects on human health. In this regard, the European Commission is committed
to monitoring studies and developments in scientific knowledge: if established scientific
evidence emerges, the Commission will consider the most appropriate means to address
these effects as stated in Recital 7 in the Preamble of Directive 2013/35/EU.

The system of protection against the risks from exposure to EMFs outlined in European
regulations is intended to establish the minimum health and safety requirements, in order
to enable member states to apply the minimum requirements in an equivalent manner.
Therefore, member states can establish national limits and provisions tighter than the
minimum requirements envisaged in EU regulations.

This is the case for Italian legislation, which introduced—pursuant to the provisions
of Framework Law 36/2001 and the related implementing decrees on the protection of
workers and the general public from exposure to EMFs—a remarkable distinction (not
explicitly stated in Directive 2013/35/EU) between the workers who perform specific tasks
involving professional exposure to EMFs and the workers whose duties do not justify
exposure to EMFs above the limits for the general public.

As a result, Italian legislation on protection from EMFs at the workplace is charac-
terised by a dichotomy between “professional” exposure—for which the occupational
limits of European Directive 2013/35/EU apply—and ‘non-professional’ exposure of
workers—for which the national limits for the general public apply, which are more conser-
vative than the restrictions set in Council Recommendation 1999/519/EC with regard to the
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exposures attributable to power lines (PL) at 50 Hz and to broadcast and telecommunication
fixed systems (BTFS) from 100 kHz to 300 GHz, as described in Figure 2.

Unlike the European restrictions on EMFs, the limit values set by Italian regulations
do not derive from scientific grounds but are based on precautionary considerations with
the purpose of reducing exposure to the lowest reasonably achievable levels for both the
general public and workers not exposed for professional reasons to EMFs.

As shown in Table 6, the “Exposure Limit” of 20 V/m for electric field strength at the
frequency of 2600 MHz (referred, e.g., to environmental exposure from 4G-LTE base trans-
mitting stations) is 33% of the corresponding ‘Reference Level” in Council Recommendation
1999/519/CE, while the ‘Attention Value’” and the ‘Quality Goal’ of 15 V/m for electric
field strength at the same frequency that applies, respectively, within buildings used for
permanence no lower than 4 h per day and in highly frequented outdoor areas, are both
24.5% of the relevant ‘Reference Level’. Likewise, the ‘Quality Goal” of 3 uT for magnetic
flux density referred to environmental exposure from power lines at 50 Hz, which applies
in the planning of new settlements or installations envisaging permanence no lower than
4 h per day, is 3% of the corresponding ‘Reference Level'.

The decision of Italian legislators to establish precautionary limits on exposures at-
tributable to the aforementioned EMF sources—largely present in both residential envi-
ronments and workplaces—is driven by the purpose of protecting public health from
acute effects and suggested long-term effects of EMFs, with the intent of mitigating public
opinion concerns regarding the potential carcinogenic effects of chronic exposure to EMFs,
which, however, are not addressed in international guidelines and European regulations
as not supported by conclusive scientific evidence regarding a causal relationship. In this
regard, legislators have applied the ALARA principle—borrowed from safety standards for
ionising radiation protection—which is a sound safety approach to manage risks at work
with the purpose of limiting the exposure to EMFs to the lowest reasonably achievable
levels and durations, and of preventing occupational exposures unrelated or not necessary
to the specific task assigned. As a result, the precautionary limits established in Italian
legislation—which apply to EMF exposure of both the general public and workers not
exposed for professional reasons—appear particularly restrictive as compared to the limits
for the general public in Council Recommendation 1999/519/EC as well as to the national
limits envisaged by many member states of the European Union.

It is the authors’ opinion that such an approach was adopted by national legislators
to reconcile the protection of public health with the intention of mitigating the concern
that, in the late 1990s and early 2000s, was beginning to arise in public opinion regard-
ing EMF emissions because of the rapid development and spread of mobile telephone
network infrastructures.

Over the past few years, there has been a wide-ranging national debate on the possible
revision of the limits for EMF exposures, driven by the development and deployment
of the ultra-wideband (5G) mobile phone network. Eventually, the law for the market
and competition of 30th of December 2023, no. 214 (Law 214/2023) partially modified
the structure of the national limits to EMFs at high frequencies (100 kHz-300 GHz) by
increasing the limit values for the general public (and non-professional exposures of
workers) while remaining prudently below the reference levels for the general public of
Council Recommendation 1999/519/EC. Such a choice is not fully based on scientific
criteria but, once again, rather on a pragmatic mediation for responding to the concerns
still present within public opinion, much like 25 years ago at the time of the promulgation
of Framework Law 36/2001.

Nevertheless, the recent legislative intervention by Law 214/2023, which updated
the national EMF exposure limits at high frequencies (HF), can facilitate the upgrade of
existing base transmitting stations (BTS) of mobile networks for the purpose of improving
the quality of service in terms of coverage, with positive effects on citizens in terms of
voice and data while reducing the economic impact on operators and the proliferation of
antennas in the territory—in the technical consideration that the more the power of a BTS
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increases the less mobile devices emit. The aforementioned considerations are supported
by the Report on “Digital Growth and Ultra Broadband” by the Italian Digital Agency
headed by the Presidency of the Council of Ministers [39], in which the national strategy
for pursuing the objectives of the digital agenda is addressed, with particular reference
to the national plan for ultra-wide band and digital growth. In this regard, the increase
of HF-EMF national limits represents an important flywheel in order to face the digital
transition and to guarantee users and enterprises the offer of high-quality connectivity
services without prejudice to public health.

Likewise, the aforementioned intervention of national legislators constitutes a step
forward in order to bridge the gap between Italian and European regulations on the
protection of workers and the general public from exposure to EMFs, in line with the
development policies of the European Commission and the indications from internationally
recognised scientific organisations, which take into account technical progress, changes
in the most relevant standards or specifications, and new scientific findings concerning
electromagnetic fields.

In conclusion, the authors believe that this study on the specific provisions of Italian
regulations regarding the exposure of workers to EMFs (0 Hz to 300 GHz) can contribute to
increasing the knowledge of national regulatory approaches on occupational risk assess-
ment, management, and communication, as well as helping the professionals involved in
EMF risk assessments, who should carefully consider any stricter provisions established by
national legislation compared to the minimum health and safety requirements envisaged
by international guidelines and European regulations.
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