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Abstract: Identification of risks and potential effects of exposure to electromagnetic fields
has aroused the interest of researchers in various fields to reduce or even eliminate them.
However, the problems they raise, also, determined the need to regulate the exposure limits,
thus establishing a series of regulations at the level of different states, of some national and
international standards. The paper presents a comparative analysis of several national and
international regulations regarding the exposure limits for the general public and for
different working environments.

1. INTRODUCTION

Multiple uses of electricity make it essential for modern everyday life. But, over time,
in addition to the undeniable positive effects, various forms of negative impact on humans and
the environment have been observed and identified.

Identification of risks and potential effects of exposure to electromagnetic fields has
aroused the interest of researchers in various fields to reduce or even eliminate them. However,
the problems they raise, also, determined the need to regulate the exposure limits, thus
establishing a series of regulations at the level of different states, of some national and
international standards.

The paper presents a comparative analysis of several national and international
regulations regarding the exposure limits for the general public and for different working
environments. The methodology of this study consists in different methods, mainly literature
review, data analysis, classification and problem identification.
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2. EVOLUTION OF REGULATION ON LIMITING EXPOSURE TO
ELECTROMAGNETIC FIELDS

In order to prepare a regulation or a guideline for limiting exposure, different national
or international organizations involved in such activities make an extensive review of relevant
literature on health and biological effects.

According to Directive 2013/35/EU, effects of electromagnetic fields on human body
are direct biophysical effects and indirect effects. The first category includes non-thermal
effects, thermal effects and limb currents [1]. Non-thermal effects, associated with different
frequency and intensity, are vertigo, nausea (static magnetic fields), effects on sense organs (up
to 100 kHz), effects on nerves, muscles (up to 10 MHz). Thermal effects in the form of heating
is present also for intermediate frequencies (100 kHz — 10 MHz) and for high frequency fields
(10 MHz and above). These effects are identified based on epidemiological, occupational,
laboratory, volunteer, cellular and animal studies.

Among the causes of the increase in environmental EMF levels presented by the World
Health Organization are high voltage transmission lines, telecommunication and broadcast
transmitters, radars, transportation systems and undersea power cables [2].

First countries that introduced regulations on limiting exposure to electromagnetic fields
against adverse effect on workers and public were the former Soviet Union USSR and USA.
The first standard developed and published in 1958 by the former Soviet Union regulated the
limitation of RF exposure of workers [3]. In 1960, the American Standards Association
approved the Radiation Hazards Standards project under the co-sponsorship of the Department
of the Navy and the Institute of Electrical and Electronics Engineers [4].

In the following period, the number of countries concerned with this issue grew,
conducting numerous studies on the effects and risks generated by exposure to electromagnetic
fields. Over time, more and more organizations, globally, have addressed the issue of limiting
exposure to the undesirable effects of electromagnetic fields (see Table 1).

In 1974, International Radiation Protection Association IRPA formed a working group
that analysed the problem of protection against non-ionizing radiation NIR [5] and in 1977, this
group became the International Non-lonizing Radiation Committee INIRC. This organization,
in cooperation with Environmental Health Division of WHO developed a series of health
criteria documents on NIR.

In 1992, it became International Commission Non-lonizing Radiation Protection
ICNIRP and in 1998 released Guidelines for limiting exposure to time-varying electric,
magnetic, and electromagnetic fields (up to 300 GHz).

Starting from this moment a series of regulations, guidelines, recommendations and
other documents were issued by national or international bodies, as the number of studies on
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the effects of electromagnetic fields has increased, but also due to the growing public interest
in the problems generated by the presence of electromagnetic fields (see Table 2).

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

Organization Short description
[EC Liternatonal Elecwotechical wotldwide organizagon for stndardization comprisine all retional
Commission electrotechmical committees (IEC MNational Committees)

ICOHE Interrat onal Comimiss on on internafiona non-govermnertal professional socety - fosters the scienfic
Ocoupational Health progess, Inowledz and development of occupational health and safety

CIE Iiternational C ommi 500 on independert, non-profit professional organzaton authonty on the subject
Dluminat on matter of light and lighting

UN. agerey, sets labow standards, develops policies and devises
programmes promofing decent work for all women and men

IL O Iternational Labowr Organzat on

ACGIH American Corference of charitable sciertific organzafion that advances ocoupational and

Govermmerntal and Industrial Hymen sts| emirormental health

IS0 Iternationasl Standards independert, non-governmertal irterrational standard-setins  body

Ot zarization composed of reprezematives from natonal standards or ganizad ors
orgamzation that promotes health keeps the woild safe, and serves the

WHO World Health Orzamzation ‘inerable.

techrical professionsl organzation desiged to serve professionals
imvolved in all aspects of the electrical, electronic, and compuins fields
and related areas of science and technolo sy

[EEE Institite of Electrical and
Electronc Engneers

RPA hternational Fadiation association of radiation protection professomls jonng froush mtional
Protecion Association and resional radiation protection socieies
Ewopean COST Cooperationin the

fundi 1zation for the creation of researchnetworks
Field of Science and Techrology TS erEEnsERan Tar e creafion o pessarenasiver

CENELEC Ewopean Committee on
Electrotechrical Standardisaion
ICNIEP htternational Commissionon  |independert group of ecperts established to evaluate the state of
Nonlonizing Badiation Protecion knowledse about the effects of NIF. on luman health and well beins

resporsible for sandardizationinthe electrotechnical engneerinsfield

In the same time, since 1998, WHO has started a project to harmonize EMF standards
worldwide, involving 8 international organizations and over 45 countries, starting from the fact
that there were large differences between the existing standards at that time, in some cases there
were even differences of two orders of size [2].

Regarding the ICNIRP Guidelines, this document distinguished between occupational
and general exposure limitations, introducing significantly different values for these types of
exposure, justified by the following considerations:

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

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

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

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

Year

Eerulation / Document

Regulatory
body

Domain / desription

1993

Gudslinee for limbns exposure to Hme-vamins

slzciric, nEanstic, and slecromasnstc S:lds

IIRE

Esblizhes suddires for limitng EME exposurs that will prowvids
omEcionasinst mownadvarss tealthefcts

1995

Council  Fecommendabon 1999°519EC on the
hmtabon of exposurs of the geneml public to
zlectromamnatic S=lds (OHz o 300GH:)

EC

Facommendations on the limtation of exposur= of the s=neral public to
EWF (0 Hz o 300 GHz)

AT
i

F

I[EEE Ezcommernizd FPractice for Measuraments and
Compuations of Radio Fraquency Electronmenstic
Fizld: With Ezspect to HFonen Exposurz to Such)
Fizlds, 100 135300 GH=

Fewses and develops specifications for preferred nethods for
measuning 2 conpuiing exemal mdio Sequency slachomamnstic
fdds o whichpersoms mevhe sxpos=d

2002

ICHIEE Statetrent - Gereral Approach o Protaction)
zrzire t M- Tonizne Radiation

L[CNIRE

Optical radiaton treloding lazen e dectmonmzetc fslds,

ultrasound and infrasound swoosuras

Dhractive 200440EC on Minirmem Health and Safsty
Fequiraments Resamiing the Exposurs of Worlers to

Lavs down minnum requirererts for the prokecton of worlers from

Mhzasunnz MNonlonisirg Elzctromeeretic Radiation (9
13— 3 GH)

ECC

2004 . . - . . EC rizlz to their health and safety arising or likaly to 2nisz from spoiue
the Fisls  Arisire fom Phaical Asnbs . L :
. R to zlectrommezretic fzlds (0 He to 300 GHz) during treir wods
(Electmmamm=tc Fidds
ECC  Faccomendation ((2) (ravissd  2007) Dizmoribe: 2 neaswsment method fumt shoudd be ussd to zsss

zlzcromeznstic radizfon azainst e zpproprizts refereme lovels oor
exposurs of lunenbeinss o slectroneeete Adds 8 e - 300 GHz)

2003

IEEE 3td C035.1-2005, S endard for Safsty Lavel s with)
ezpect to Hunen Eaposure to Radio Fregquemes

Electronrperetic Fislds, 3 H=to 300 GHz

[EEE

Exposue limits to protect against established adverse =fects to lunen)
health induead by axposure o BF clectic  noomete and
glectromasnstic fzlds over the Fequancvrames of 3 I - 300 GH=.

Eztablizhes limts on henen exposwre o Electronezretic Rdds (EMF)

2006 | The Elzcromasnatic Fizld s Human Fxpos ure Act WEHO that will provids proechon aminst loown adverse kealth affzce fom
amvinstallationor devics emith re such S=lds.
Frotacts the public and worlers from advarss health =facts anising
2006 |Human EMF Exposure Limit Bezulation WEHO from exposure D electonemetic fsld: ELME) i te lvns and

worlineg smaromens,

The Elzcromomnstc Fidds Fonpn Exposure Act -
Miodd lemislation for elactronmenatic fidds prokction

TWHO

Estblizhes mmnum requirements for the protsction of e public and
worler Fomn:ls b thair haalth arizins or lilzly to anse fom their
exposurs to EME inthe fequeney mne 00 300 GH=

el
LI

CHWEE Gudidires for lumbre swpours o bne-
varng elactric and marnste fszlds (1 HZ- 100

URELES

ICNIRE

Eztblizhes sudeires for liming exposurs to electric and masnstic
fdds (EMF) that will provide protection azainst all sstablished
advarzs tealih afeots

2013

Diractive 2013/33EU on the mninmm lealth and)
safeby requirsments remrding the axposvre of wodees
to te sl arisng Tom  phedcd b
(sl=ctronperetic flds)

Ihmnmm raquirsnent for the protection of worlers fromrisls o their
health and safety agsine o liely to anise, Som exposuws to
slactromaznstic fi=lds dunre their work

[EEE 3td C85.7-2014 Recommended Practice for

Guidares for preventing exposures shove applicable mdio fequensy

and Elerronmenstic Fizlds, ( Hz to 300 GH=

201 . . IEEE. (EF) limits associatzd with BF soumss that oparak in fhe Sequency]
Radio F s 3 afety Prozmne, 3 Mz 0 300GH: e -

Bl it s rags of 34Hzi0 300 GHz
I[EEE Std CO51T42010 Standard for Safely Levas Exposure cntriz and limits fo prokct azinst established advarss
2019 |w1th Eespect to Hunan Exposurs to Electric, Maznstc, [[EEE health =Facts in hovens associated with exposues b elctne mametc

and & actronmonetic fzlds in the fequeevran= 0 - 300 GH:

3):
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Basic restrictions were based on health effects and the physical quantities used in this
regard are specific absorption rate SAR, current density J, and power density S [5] (see Table

tissue heating,

surface.

1 Hz - 10 MHz —restrictions on current density to prevent effects on nervous system,
100 k Hz — 10 GHz — SAR against whole-body heat stress and excessive localized

10 — 300 GHz — power density — excessive heating in tissue at or near the body
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Table 3. Basic restrictions - ICNIRP Guidelines

Whole-body |Localised SAR. |  Localised | Cwrrent demsify ©r| Power
Frequency rmze u; 1:1': mrerage SAR | inthe head& | SARinlimbs | head mdtrml: | demsity 5
fegor! {(Whg) | trmk{Wie) {(Wig) (mA'm* rms) {Win)
Ocoupationd - - - 40 -
Upto 1 Hz —E
Creerzl public g
o - - - 401 -
1-4H: Ocoupetiond
(rene ral public if
41000 B Ocoupetions - - - 10 -
Crene ral public 2
1000 B - 100 1z Occupationd - - - £100 -
(Creneral public £/500
100 15z - 10 ME: Occupstiona 04 10 20 £100
(Creneral public 008 2 4 £/500
R | ! 7 - =
10 MEH: - 10 Gl Occupations 04 10 20
(reneral public 008 2 4 -
Occupations = = = = 50
Greneral publi - - - - 10

Retrieved and processed after ICNIRP Guidelines, 1998

Reference levels are determined by extrapolation from the results of laboratory
investigations or mathematical modelling from the basic restrictions, taking into account
frequency, human body conductivity, size, shape, and position of the exposed body in the field
(Table 4).

Council Recommendation 1999/519/EC introduced for EU general public basic
restrictions and reference levels on exposure to radiations emitted by electromagnetic fields,
excepting optical radiation and ionising radiation. This document covers the area of static fields,
extremely low frequency fields ELF and radiofrequency fields RF, including microwaves, in
the frequency range of 0 Hz to 300 GHz [6].

Basic restrictions on the exposure to time-varying fields, based on biological
considerations and health effect, are represented by the specific absorption rate SAR, magnetic
flux density B, current density J and power density S (See Table 5).

Reference levels derived from basic restrictions are electric field strength E, magnetic
field strength H, power density S and limb current 1. At certain frequencies, magnetic flux
density B and power density S, are used as basic restrictions and reference levels. For pulsed
fields it is used specific energy absorption SA (Table 6).
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Table 4. Reference levels to time-varying electric and magnetic fields - ICNIRP Guidelines

spio 1H: Dc-:mtiml_ - 1.63 = 1?. 2 1-::-4
General public = 3.2= 10 4= 10
Occupational | 20000 |163 = 10" |2 x10°%F
1-8Hz " n
Generslpublic | 10000 | 32«10 [4 =107
835 He Occupstionsl 20 (e 2=10YF |25« 10°F
Genersl public | 10000 40007 5000.F
0.025 - 0.82 kH= Occupational 500/f 20/f 25/F
0.025 - 0.3 %kH= Genersl public | 25007 4F 5F
0.8 -3 kHz General public | 250/F 3 6.25
0.82 ¥H=- 65 3= Occupational 610 24 4 307
3-150kHz General public 87 5 6.25
0.065 - 1 MH:z Occupational 610 L6/f 2.0/f
0.15 - 1 MHz General public 87 0.73iF 0.92/F
Occupational 610/F L6/f 2.0/f
1 3z - 10 ME= General public | 874" 073 0.52F
LOMH:z-400nE:  |Qscumstion:l 61 0.16 02 10
Greneral public 28 0073 0.052 2
Oc ional i e = 40
ATy cmﬂﬁm_ ir _ -::-.-::-t:lwIa 0.01F _ I
General pubdic | 13757'° | 000377"° | 0.0046 7 Sfr200
Occupational 137 0.36 0.45 50
+ GHz- 300 GH= Greneral public 61 0.16 0.20 10
S Occupational 1
0-23 K Greneral putiic 05
25 48z - 100 $1z Occupationsl D47
Greneral public 01r
- _ |occupstionat 40
100KHz - 1I0MHz [ 2 0
Occupational 100
10- 110 MH:z pe——p— pr
Table 5. Basic restrictions - Council Recommendation 1999/519/EC
Whole-body |(Localized SAR Localized Muznetic fux Current Power
Frequencyrmage | mvernge SAR | inthe head& | SARinlimbs d:f:ity (| demsity | demitys
(Wiksg) trmlk {Wike) (W) (mAm rms)| (W)
0 H: - - 4 -
0-1Hz - - - - 8 -
1-4Hz - - - - if -
4- 1000 Hz - - - - 2 -
1000 Hz- 100 KHz - - - ] £1500 ]
100 LHz - 10 M H: 0 08 2 4 - F/500 -
100MHz- 10 GHz 008 2 4 - - -
10 GHz -300 GH: - - - - - 1(

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

0-1Hz 3,2 = 10* 4x10*

0- 2.5 kH: 05
1-8Hz 10000 | 32x10%° 4= 10%7°

2.5 kHz - 100 kHz 0.2

§-25Hz 10000 4000/f S000/f

0,025 - 0,8 kHz 2500 & sif

0,8 - 3 kHz 250/f 5 6.25

3-150 kHz &7 5 6.25

100 kHz - 110 MHz 20
0,15 - 1 MHz 87 0.73/f 082

1 MHz - 10 MHz g 0.73if 092/

10 MHz - 400 MHz 28 0.073 2 0.092

400 MHz - 2 GHz 13757°% | 000377%% | 1200 |0.00465°

2 GHz - 300 GHz 61 0.16 10 0.20

Retrieved and processed after Council Recommendation 1999/519/EC

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

Union, regarding the EMF policies in member states and their relationship with this
recommendation, in what it concerns exposure of the general public [7]:

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

national policy,

- Group 2 - national limits based on recommendation or ICNIRP are not binding, there
is no regulation or there are more lenient limits, and
- Group 3 - stricter basic restrictions or reference levels based on precautionary
principle or due to public pressure (see Table 7).

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

Type of Category of EU Members States
exposure qu:l—bplhﬂsbmdmjﬂml—mhplﬁﬂsmlhﬂs&anE—st&tuﬁnihthnh
1908/519FC ks strict thanin 1999519F C [1999/519FC
Cz=ch Republic, Estoma, F .
Power EpObHc, =HIONE, TS Amtra, Cypeus, Denrmarle, Finland | | . .
fraq i G epmarmy, Greace, Hunzarvy, Latria Malts Metherlands Spai Belgivm, Bulgaria, Croaka, Ialy,
Py : Eeland, Lusemburg, Portugal, g ed: Umbd i e Littmama, Poland, & lovema
: Roreria $lovalda T ngdom
. S public, Fst Anztna, Demrarlk, Latvia,|Belgivm = Bulgania, Crmaha,
Radiofraquency |Finland, Francs, Germarry, . i .
Felds B . Trsland Malta, B Metherlands, Sweden  Umnted|Gresce, Ily, Littmama,
ng 1."']_, Sl ovalia. Spain Finzdom Lizenburg, Poland, 3lovema

Source: Edited based on Stam, R., Comparison of international policies on electromagnetic fields (power
frequency and radiofrequency fields), 2017
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On the other hands, related to occupational exposure, the EU Member States use
national legislation based on directive 2013/35/EU, that established minimum requirements,
but allowing, in the same time, the possibility to set stricter limits or rules. In this direction,
there are two exceptions, Poland and Czech Republic that use different action levels or exposure
limit values.

In Spain, in 2001, it is issued a regulation, Real Decreto 1066/2001 [8], that established
conditions for the protection of the public against radioelectric emissions, updated in 2017.

There had been used as basic restrictions the restrictions on exposure to time-varying
electric, magnetic, and electromagnetic fields, based directly on known health effects and
biological considerations.

In order to specify these constraints, there were used as physical quantities magnetic
induction B, current density J, specific energy absorption index SAR and power density S (see
Table 8).

Table 8. Basic restrictions for general public — Spain

TWhole- Spatinl peak| Spatial Current IJ:::?
body SAR in the pﬂl densityin the _l.{:\gm_tic power
Frequency range S IE head & EAF. in head and |induction A
SaR (Wikgy| S| TR ) BE || demsity
(W/ike) (Wikey |( rms) W/m?)
0 Hz 41
0-1Hz B
1-4H:z BF
4 - 1000 Hz 2
1000 Hz - 100 kHz 50
100 ¥Hz - 10 MHz B 2 4 F500
10 WHz- 10 GHz B 2 4
10 GHz- 300 GH: 11

Source: Real Decreto 1066/2001

The reference levels, used to determine the probability that the basic restrictions will be
exceeded are (see Table 9):

1. derived quantities from relevant basic restrictions, using measurements or computerized
techniques: electric field intensity E, magnetic field intensity H, magnetic induction B,
power density S and limb current I;;

2. quantities that refer to perception and other adverse indirect effects to exposure to
radioelectric emissions, respectively contact current Ic and, for pulsatile fields, specific
energy absorption SA [8].

84



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

Table 9. Reference levels for general public — Spain

F quivalent :
Efild | Hfied | plmewave | Magnetic | L om=

Frequency range strength | stremgth | power fhr |Induwetion B (mA

(Vimrms)| (A'mrog) | densty Seq| (WT) ruE)
(Wini)

0-1H: 32 % 10° 4= 10"

1-8H: 10000 | 32«10 4 100

§.25H: 10000 | 4000/ S000/f

0.025 - 0.8 kHz= 2500F 4f S

0.8-31H: 250f 3 §.23

3-1501Hz 87 3 6.23

0.15- 1 MHz= 57 EET: 0.92/f

1 MHz - 10 MHz 87if 0.73f 0.92/f

10MH: -400 MH= | 28 0.073 2 0.092

400 MHz-2GHz 13757 | 000377° | #2000  |comass”

2 GHz- 300 GHz 51 0.16 10 0.20

0-2.513: 0.5

2.5 183 - 100 18z 0.2F

100 1 - 110 MHz 20

Retrieved and processed after Real Decreto 1066/2001

As it can be seen, the basic restrictions and reference values are similar to those from
Council Recommendation 1999/519/EC.

The same situation can be revealed in Romania, where in 2006 Minister of Public Health
issued Order no. 1193/2006 for the approval of the Norms regarding the limitation of the
exposure of the general population to electromagnetic fields from 0 to 300 GHz [9].

In addition, Romanian Government in 2016 issued a decision HG 520/2016 [10] on
minimum safety and health requirements regarding the exposure of workers to risks generated
by electromagnetic fields in accordance with Directive 2013/35/EU. In 2018, Institute of Public
Health subordinated to Ministry of Health published a practical guide for conformity
assessment with national exposure rules of workers in electromagnetic fields [11].

In Australia, in 2002 ARPANSA Australian Radiation Protection and Nuclear Safety
Agency issued Radiation Protection Standard for Maximum Exposure Levels to
Radiofrequency Fields — 3 kHz to 300 GHz which sets limits for human exposure to
radiofrequency (RF) fields in the frequency range 3 kHz to 300 GHz, to prevent adverse health
effects [12].
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Table 10. Basic restrictions in Australia — occupational and general public

e || e P L e — T e
bodr peak SAR el SAinthe cpatial peak demity in — i 1003
Exposure - m the head withm the head
Frequency range cate AVETAZE l::d& SARim a5 SAR mthe and forso power fhoe PE!:
BT | sar o s ﬁe‘n: badand |0 e demty |
T i r torso r T o
(Wikg) Wike) (Wike) (md iz} (Wike) ) (W/nr) (W)
. Ocoupationsl 10 xf
HHz- 10 MHz
i Genzral public 1xf
Ocoupationsl 04 10 20
0 4Hz- § GHz
100 iz € Gz (renersl public | 0.08 2 4
. Ocoupationsl 10
! z- 8 -
300 MHz - & GHz oblic 3
oupa tional 10000
[ -8 -
10 MHz - & GHz oblic 000
. oupa tional 50 SD00D
5 - -
GH: - 300 GHz - 10 10000

Retrieved and processed after ARPANSA Standard, 2002

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

e 3 kHz — 10 MHz — restrictions on instantaneous rms current density to prevent
electrostimulation of excitable tissues,

e 100 kHz — 6 GHz — whole body average SAR against whole-body heat stress,
spatial peak SAR in head, trunk and limbs against excessive localised temperature rise in tissue,

e 300 MHz — 6 GHz, for pulse modulated exposure — specific absorption SA per
pulse for localised exposures to the head to avoid or limit auditory effects,

e 10 MHz - 6 GHz - instantaneous spatial peak SAR against associated effects to
extremely high-level pulse fields,

e 6 GHz-300 GHz — instantaneous and time averaged incident power flux density
to prevent excessive heating in tissue at or near the body surface and to protect against
associated effects to extremely high-level pulse fields [12].

In the Australian standard E and H reference levels are established for time averaged
and instantaneous exposure to rms electric and magnetic fields and are derived from basic
restrictions by mathematical modelling and laboratory investigations. In addition, there are set
reference levels for instantaneous rms contact current and time averaged rms current induced
in any limb over 6-minute period (see Table 11).
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Table 11. Reference levels in Australia — occupational and general public

Time av eraged exposure to me Expozure to st anta neows me Tie |Imtintane
electric and mmgnetic fiells electric and magnetic fields averaged| owmEmE
(upertubed fiells) (upertubed fiells) me contact
) Exposure Equivalent Equivalbnt .
Frequewyrange | oy | Efisld | Held | plmewave| Efild | Hficld | plane wave urrent B'immm
strength | strength | powerfhee | stremgth | stremsth | power fhx (mA rox) .
(Vimme)| (A'mme) | demsity Seq | (Vimroe) | (A/mms) | demsity Seg | E:;“‘ )
(Wind) (Wind?) e
Kl -638z  |Dccupationsl 614 250 -
Oecppation] 0.4=f
31— 100 1HE
General public 35,3 486 - 02+f
651 Hz - 1006Hz  |Occupation! 614 163/ f -
1004 - 15015 |General public| 868 486 - 488" | 486 .
1001 1MHz  |Ocoupatiorsl | 614 L63/f - U5 916/ -
Oeeppatioml 40
100 6 - 110 MHz
Genaral public 20
1501 - IMHz  |General public| 868 | 0729/f - 488" | 34718 -
| MHz. 10ME,  |Qccmational | 614 J‘m 163/f | 1000/f 3¢~:~:xru“ 916/f _| (104f)
General public| 868/F | 0725 /f - 488 xf | 347 .
Oecupatioml 100
10MEE- 1I0MHz [ == e
Ocempatioml | 614 0.163 10 1941 515 10000
1OMEz - 400MEz |- sl oblic] 274 0.0729 2 858 230 2000
[=] it [i] S5 ~
i Ik -.. 40 T Aquf 25
e Dmm:hm1. 3.0] r‘“ ncnsn.rw .J". G Tuf _ 02 %.r‘u : o
General public] 137¢F 000364 | F/200 | 434wf | 0115=f uf
Ocematioral | 137 0.364 50 4340 115 50000
2 GHz- 300 G
General oublic| 614 0.163 10 1941 515 10000

Retrieved and processed after ARPANSA Standard, 2002

In European Union, Directive 2004/40/EC emphasizes the need to assess the risk of
workers' exposure by the employer. The directive introduced the term “exposure limit values”

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

health effects and biological considerations”, a term similar to “basic restrictions” used in other
documents in the field [13].
The exposure limit values in this directive established for worker’s exposure to

electromagnetic fields are also similar to those set as basic restrictions for occupational
exposure in other documents: whole body average SAR, head and trunk localized SAR, limbs
localized SAR, current density, and power density (see Table 12).

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

cardiovascular and central nervous system, for time-varying fields up to 1 Hz,
on central nervous system functions, for 1 — 10 MHz,

excessive localised heating of tissues and whole-body heat stress, for 100 kHz —
10 GHz,

excessive localised heating at or near the body surface, for 10 GHz — 300 GHz
[13].
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Table 12. Exposure limit values according to Directive 2004/40/EC

Whole-body |Localeed SAR| Localized |Cuorrentdensiy forl Power
Frequency range |average SAR| inthe head & | SAR i bobs | head and trumkc J | demzy 5
Wiz | trmk(Wkg) | (W) (mA/m’) (me) | (Waor)
Upto 1 H= - - - 4 -
1-4H= - - - 400F -
4 - 1000 He - - - 1{ -
1000 He - 100 1= - - - £100 -
100 1= - 10 MH= 04 10 2 £100 -
10 IH= - 10 GH= 0.4 10 2 - -
10GH= - 300 GH= - - - - 30

Source: Directive 2004/40/EC

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

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

rationale used by that (See Table 13).

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

0-1H= z 163=10° | 2x10° = 10
1-3H= 20000 [163 x10%F | 2x10% - 10
3-25H= 20000 2= 100 |2.5%10%f - 10
0.025 -0.82 H= 500:f 20uf 25if s 10
0.82kH-- 2.5 W= 610 244 30.7 - 10
2.5 kHz- 65 iHz 610 244 30.7 - 04f
63 = - 100 kH= 610 1600/ f 2000/ f s 047
0.1-1MEE 610 16/f 20/f - 40
1 MEz- 10 MEEz 610/f 1.6/f 20/f - 40
10 MEEz- 110 MH= 61 0.16 02 10 40 100
110 MHz - 400 MH=z 61 0.16 02 10 -
400 MHz - 2000Hz 35 00087 | 0015 £140 -
2 GHz- 300 GHz 137 0.36 0.45 50 -

Source: Directive 2004/40/EC

The Directive 2004/40/EC was replaced in 2013 by the Directive 2013/35/EU [1]. This
directive established exposure limit values ELV (see Table 14), based on biophysical and
biological considerations, in relation with thermal and non-thermal effects. However, as the

other regulations and documents, it does not address long-term effects of EMF exposure.
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These ELVs comprise health effects ELVs, above which employees might be affected
by thermal heating or stimulation of nerve or muscle tissue, and sensory effects ELVs, when
they might be subject to transient disturbed sensory perceptions and minor changes in brain
functions [1].

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

Category R | s
of off Frequeney range] Subcategories of effect= (B (T)| E (Vim) (Wike) ﬁf 1 Ohzervation:
Semsory effects - wertizo and| 2 - - - - [Momma werling conditions
other plosidlogical effects 3 = = = - |Localisad limhs exposure
0-1H) Controll=d worlane conditions -
= is applicable on a temporary basiz
e R : - T T | T |t e abift when juSifed by
E the practice of process,
B Health effecs - electric
2 |ABEz-383) |stinwlation of all peripheral| - Ll - - " |epmial peak <alues in the emic
g and cenftral nerwus svetem bi't;ufthe od subject
= |BiHz- 10MEz]|tisues in the body, including| _ 3 gxyplf| - | - | -
the head
[1H=-10Hz) Semsory effects - on the| - 0.7if = = = . . oA
[I0Hz-25Hz) [central nervous system in the| - 0.07 -] - :f:“l Pf’i_‘fbf;tm&em”'
[25Hz- 400 Hz) |hex - looose [ - |- - SRREaEERE
Health effects - whole body 04 expressed = merged AR inthe
heat stress ~ ~ ) ~ "~ |body
100 16 - 6 CHz I'{:alﬂlef;a:fliﬂaadhaa _ _ 10 ) ) ﬁﬂxlﬂﬁhﬂﬂﬂmm&
stress in 7
= Health effects - locdised heat| _ 20 _ _ |emprssed 2 loedlisad BAR inthe
8 s tress in the limbs 5 limmbs
'é Semsory el - wditory localised  specific  ensmy
effects camsed by exposures - e 5
E [03-6GEz] | .=, T ! - - 0| - :b:mu__&_ : - awraging mass is 10
microwave radiation —
6 - 10 GHz a= to be awerazed
__ |owver any si-mimnte period; =10
[6-3}0(}1’12] HEJ.‘I.H:I.E'E&:E = = = = :I'D GHZ‘S]EEH bE Mﬂg&d OWEr Ty
685 " -mimts period

Retrieved and processed after Directive 2013/35/EU

Regarding the term action levels ALs, also used in the previous directive, the ALs are
presented separately for non-thermal and thermal effects.

For non-thermal effects, there are used ALs values for electric field strength, magnetic
flux density for static and time-varying density, and contact current (see Table 15).

This document introduces, also, for electric fields low and high ALs related to specific
protection or prevention measures, and for magnetic fields, low ALs in relation to sensory
effects ELVs and high ALs to health effects ELVs. ALs for electric field represent maximum

calculated or measures values at the workers’ body position and these are established [1].
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Table 15. Action values related to non-thermal effects according to Directive 2013/35/EU

Retrieved and processed after Directive 2013/35/EU

o5 |L-25H 20x10" | 20x10" -

= |Ri-seHy s0x10%F | 2ox10t -

T8 |[0Hz-164%H |5px10%7|1.0x10° -
EZ |nes-sum 501077 61210 -

T [BsEz-wMH | 17x10° | 61x10° -

E [1-8Hz) = 20x10°F |30=107F |00x 107y

"E’ [E-25Hz) = 23x10%r [30m10°7 |00 107y

a Exposure of limbe to 2 localizad|
a |;@s-300Hz) - 10x10° |30x10"¢|00x 107 magmatic fisld
E [300 Hz - 3 $Hz) = 30x10°F |30x10° [s.0x 10°y

5 I3 KHz - 10 MHz] 10x10° | 10=x10° | 30x10°

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

magnetic flux density of time varying electric, respectively magnetic fields, power density of
electromagnetic waves and contact current (see Table 16). Of these, only the limb induced
current has exactly the same value as in the previous directive.

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

-g% [100kHz-1MHz) | 61x10° |[20x10% | - -
3= |[1-10MHz) 61x10% |20x10% | - -
235 [(10-400 MHz) 61 02 =
gg [400MHz-2GHz) |3x10°/"° [1x10%7%°| - -
22 |2-6GHz) 14x10° | 45x10" | - -
= 5 |j6-300 GHz] 14x10° | 45x10° | 50 | -

At -

Retrieved and processed after Directive 2013/35/EU
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The latest standard issued by the IEEE in 2019 IEEE Std C95.1™-2019, which
establishes safety levels regarding human exposure to electromagnetic fields, brings some
changes, including terminology, compared to the previous standard in 2005.

The term “basic restrictions” is replaced by “dosimetric reference limit” DRL and
“maximum permissible exposure” MPE by “exposure reference level” ERL. The IEEE
Standard addresses three frequency bands: 0 — 100 kHz, 100 kHz — 6 GHz, and 6 GHz — 300
GHz in approaching biological effects of exposure [14]. It is not just a standard that applies to
persons permitted in restricted environments and to the general public in unrestricted
environments, but also an extensive, documented scientific work, extremely useful for
researchers in the field.

3. CONCLUSIONS

Although the harmonization process began more than 20 years ago, there are still
notable differences between the different states of the world, the differences being sometimes
significant even at the level of a continent or a region.

However, in the European Union, Recommendation 1999/519/EC and Directive
2013/35/EU open the way for a harmonization of Member States’ regulations, even if there are
still some different approaches of EMF policies. Moreover, these regulations, recommendations
and guidelines do not limit Member States in introducing more restrictive measures.

It can be observed, also, attempts of harmonization in the elaboration of different
standards and regulations at the level of national and international bodies in the field, by taking
into account the points of view, the reference elements and the studies on which other
worldwide regulations are based.
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