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Fig. 9. The dielectric constant and conductivity of typical biological
tissue as functions of frequency. From: Schwan (1985).

Source: EHC 137
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Fig. 10. A spherical cell in an electric field.
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Electrofusion of the living cell
Effect of very high amplitude pulse
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ELF fizld or RF ficld
modulated at ELF

Induced eleckric currents
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Fig. 13. Hypothetical interaction mechanisms of ELF fields or RF fields modulated at ELF.
Modified from: Tenforde & Kaune (1987).
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Comparison of ICNIRP/ICES E-field limits

1.E+04
= [CNIRP (public)
= = *[CNIRP (occupational)
\‘ ——IEEE C95.1 (public)
1.E+03 T ‘\ — - -[EEE C95.1 (occupational)
£
= 1E+02 1
L
1.E+01 T
1.E+00 } } } } } t t t

1.E+03 1.E+04 1E+05  1E+D6 1E+07 1.E+08 1.E+09 1E+10 1E+1 1E+12

Frequency [Hz]




14 L T

Comnparisem of | S0 Tield limils

™

15z 1
Tow o WIM oLl LR fol WAA LB WO It LT3
Frovaey M

Uz SESQ- 0 -GS : H"HE 50-32 HITEFO0™ 2.F=.
LN cH : beaty 11Nl RUNcH ~EZ0SF,
a 1 [ FoHE
: 1 3 el
H
1
1 i
! H
i
1 H
! !
1
i i
! :
1
i :
1 i
1 .
H H
1 1
1 i
[ i
o anosn AN e

Flp. ¢. Wafadan aFnarraallzad Sok e Feiueney anil ralaeed
I i | itz in leedngg L

AT



18



19



Example of the old regulations

Z55

TOIRTIRTADATHIE RALDY MINIRTEDY

£ dnln 30 paidcamika 1920

woaprawls heeplicendiws | Bigleny pracy pry obywanle wagdesd milkmlaluwyrh,

i opuealesciz oar.. ¥ el 1 odeiiea BoCila 10 lalogsda
regnd poeee ewlychi aawmsdoee cadan v deiss
Teeam walaw v owlisne, beocivacaaeein L bl
reeswdiod Sepsec grday e Al Rr :-Cl"
ik Dsalkeine | Fady fdeoqekaw Yamunags
“TR =, L0 nasiearje:

1ok Rerpaadladle doteogg Tigrplitardmivd | ohlglecy,
sracy o owiikdw BCTUIDNca gk gy rmigdocioack mb
kr~dabzayih

§ T 1, Trepfre=inmnl rrlersle’awyml o sneimlealn ras-
rooredrarcs 2p reredosne mawlisralara wrracriates b
Pt ® wytwarsg jice degenls o eecdnilianbel ad 3G BT
o A MH: ) o dlagedsl fal =lekicaiegnciycensch
arech ow podind wPnceqoe] efpewiednie ad 16 fE
1 e arpwahsch dele] ol olala”

1. Pzle placlroms Lyzars wilkzecsl mrde By weptwea-
RERGT

il Apeach Seloay w aimbesl pele zrocivalowaceio oo
Elvite Jregiamaia albs

B ow koed: ple mencerzocy w o =rolssl Toa ncorzansnega
waedbie lxlnana veas.a w Imbawslach, srertealnoss-
i abrectias tarcazis mp geranacy|eerh. nilessoosl-
2zl lgrzdwrek rdoinkaw Talrandorwvch byt wsSuet
Intrzaris 1zmoch pr frciieneprh peacsl proveteclawanls
e operanacsere pekrslinwy gy Lo w Tore: lalieodow s
B2 Tetets gl ramspisycs Tajwy ok dipossizeing wuds

ale warlnb] goteie] pele gula clvhbaoapsiyociso an:
Erelel o cacd siichypeana lwela:

11 gowess b S0 muaiewalde £a =m®, prew kbEre] rama =ra-
oy luk pacelypwaale w Ivm poiu oaie podbesa agrank-
ceziue,

O0 gGHak: szl 13 da IID rikrawebda rs ool [y kbdes]
Ijrane wean pracy b presbyaarle & Iy podua nls o
wd prekararead Qoparten na dog

3ogostodd afl (50 dp PR DLLErvwstaw aam® sis ilatej
Pgoezy cemd gracy lul achvwara « Lim gua n
a0 pravhedrral 30 uciul pa duby

g ol [ezevvwans hada w polu vhkebaunagon ocvenn
mikeodal o yoEoscl poopkrazoaigoa 1EM mukrowalaw ea
ot opd Zugeesloar feceule w zrespadey pragazminaem wee
Jalkuwy = rhipr e IRAT &
B prh add-raroan
pezEa Rlerzemilkn zekinde =racy

g% L Tz prary narasa iyl o dxleiaala tals cecbone
maqraivanage wiktetsl onle walea dsaressasd oeladerie-
rprh. Echis w cir orex seth e sovapenian!, kidoyon

Ay | preazieg Sl I B D Dl TS T Lt o
Talsl el frreesT i,

T Malgier Tdrowfa | Opeif Spalecane] omall e
wareet, piTy ELATYCh reaneniora kem A dadfafyla bid
AR Dile FEETILIBQLOTVCINEG S B al.

r 4. 1. Eaodwdacl do pracy powedujjoe) naraz:ni
deleladie pale ekebiummygueisecitygs ackolal e
prddani walyggivemu badarly Febankicooe L siopy a0 de.
purmasnl do Dol fracy ps o ppoaddaw cabwiazvzseales le-
anbiep: siwievliepyceys bme ;lte.'wv.'..u.ni [I[SRETARTTE
uaeia ith e wanigoa ma alaz adiawie,

L orcowaley pargbae! nn Zxafaca el slikirame-
rnelyrzneza mikiulel podisraly koalrsinem sasl 2 le=
kankin =z ralmoa’ [edan ras oo reha,

L "wdapne 4 kznirzime bedan Sskankls greszroore-
dawjy sakiady o am-apmih sjmeooa prov xacaderh pea-
< A w ranle lewin Akl rak = zreprhizds & abend=
wE wlaitlve 78 wralido ns palcdanle reklafe prec.

& klinigier Tadrawls 1 Oniskl Szoeess oErpdil Feaadsy
poiepioseadiariy hatal, pgrosedsseis dotuaentand o Iokees
Wit ool R Ot cakiafis w Tata erwlerdsenls 0 rise

coanika soborieria Coedtalepa W F2wirska 1 0rsT1 poow
weqtoeniocy witatdulowype

20



Example of the old regulations
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1998

ICNIRP Guidelines
GUIDELINES FOR LIMITING EXPOSURE TO TIME-VARYING
ELECTRIC, MAGNETIC, AND ELECTROMAGNETIC FIELDS
(UP TO 300 GH2)
International Commission on Non-lonizing Radiation Protection

In establishing exposure limits, the Commission
recognizes the need to reconcile a number of differing expert
opinions. The validity of scientific reports has to be considered,
and extrapolations from animal experiments to effects on
humans have to be made. The restrictions in these guidelines
were based on scientific data alone; currently available
knowledge, however, indicates that these restrictions provide an
adequate level of protection from exposure to time-varying EMF.

Two classes of guidance are presented:

Basic restrictions: Restrictions on exposure to time-varying
electric, magnetic, and electromagnetic fields that are based
directly on established health effects are termed “basic
restrictions.” Depending upon the frequency of the field, the
physical quantities used to specify these restrictions are current
density (J), specific energy absorption rate (SAR), and power
density (S). Only power density in air, outside the body, can

be readily measured in exposed individuals.



1998

ICNIRP Guidelines
GUIDELINES FOR LIMITING EXPOSURE TO TIME-VARYING
ELECTRIC, MAGNETIC, AND ELECTROMAGNETIC FIELDS
(UP TO 300 GH2)
International Commission on Non-lonizing Radiation Protection

Reference levels: These levels are provided for
practical exposure assessment purposes to determine whether
the basic restrictions are likely to be exceeded. Some reference
levels are derived from relevant basic restrictions using
measurement and/or computational techniques, and some
address perception and adverse indirect effects of exposure to
EMF. The derived quantities are electric field strength (E),
magnetic field strength (H), magnetic flux density (B), power
density (S), and currents flowing through the limbs (IL).
Quantities that address perception and other indirect effects are
contact current (/C) and, for pulsed fields, specific energy
absorption (SA). In any particular exposure situation, measured
or calculated values of any of these quantities can be compared
with the appropriate reference level. Compliance with the
reference level will ensure compliance with the relevant basic
restriction. If the measured or calculated value exceeds the
reference level, it does not necessarily follow that the basic
restriction will be exceeded. However, whenever a reference
level is exceeded it is necessary to test compliance with the
relevant basic restriction and to determine whether additional
protective measures are necessary.
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Table 4. Basic restrictions for time varving eleciric and magnetic fields for frequencies up fo 10 GHz.®

Current density Tor Whiale-hod Localized SAR
Expusurs liead and frunk averags SAR Chead and trunk) Localized SAR
churacteristics Frequency range (mA m™%) (rms) W ke ") W kg™h {limbs) (W kg™
Checupaticnal up i 1 He 40 i
CATICELTE -4 Hz iy b i
4 He1 kH= Lo —- —
1=K} kH= F0 —
LO0 kIT 10 MMH= A 0. L1k 1]
L0 BIHz-10) CiHz (e Lo n
General public up to 1 Hr 3 R —-
EAPUsLTE 1—4 H= B — —
4 He-1 Kllz 2 — s
100 kH= AR0n — —
10 kHz—10 MHz 0 i 2 4
10 MHz-10 GII: — (r.0E 2 4

* Mare:

[. #is the freguency in herte.

2. Beeause of electrical inhomopeneity of the body, cumrent densities shuuld be averaged over & ¢ross-section of | cm® perpendicular
rey e current direclion,

2. Tor frequencies up to 1K) kHz, peak current density values can be sheained by multiplving the ms value by /2 (- 1,4 14), Tor pulses
of duration 7, the equivalent frequency to apply in the basic restrictions should be caleniared as f = L2 ).

4. For frequencies up (o [00 kHz and for pulsed magnetic Gelds, the maximum current density associuted with the pulses can be
caleulated from the msefall tmes and the maximuim rale of chunge of magnetic flux densily. The induced current dengity can then
be comparcd with the appropriate basic restiction.

J. AlLSAR wvalues are to be averaged over any G-min period.

. Loculiesd SAR averaging mass is any 10 @ of conlizeous ti=sne; the maxinmm SAR so obtained should be the walue used lor the

estimation of cxposre,

- For pulses of durativn (|, the eyuivalent frequeney to apply in the basic restrictions should be calculated as £ = 1/ 2t,). Additionally,
for pulsed exposures n the frequency range 1.3 ta [0 GTE and for localized cxposure of the Lead, in vrder to limit or avoid auditory
ellecls coused by thermoclastic expansion, an sdditionel busic restriction is recoimended. This is that the 54 shauld nol exceed
L ot kg™" tor workers and 2 ke ' for the gencral public, averaged over 1} o tizsue,
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1999

COUNCIL
COUNCIL RECOMMENDATION
of 12 July 1999
on the limitation of exposure of the general
public to electromagnetic fields (0 Hz to 300
GHz)
(1999/519/EC)
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DIRECTIVE 2004/40/EC OF THE EUROPEAN
PARLIAMENT AND OF THE COUNCIL
of 29 April 2004
on the minimum health and safety requirements
regarding the exposure of workers to the risks
arising from physical agents (electromagnetic
fields) (18th individual Directive within the meaning
of Article 16(1) of Directive 89/391/EEC)



Article 1
Aim and scope

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

within the meaning of Article 16(1) of Directive 89/391/EEC,
lays down minimum requirements for the protection of
workers from risks to their health and safety arising or likely to
arise from exposure to electromagnetic fields (0 Hz to

300 GHz) during their work.

2. This Directive refers to the risk to the health and safety of
workers due to known short-term adverse effects in the human
body caused by the circulation of induced currents and by
energy absorption as well as by contact currents.

3. This Directive does not address suggested long-term
effects.

4. This Directive does not address the risks resulting from
contact with live conductors.

5. Directive 89/391/EEC shall apply fully to the whole area
referred to in paragraph 1, without prejudice to more stringent
and/or more specific provisions contained in this Directive.



Table 1

Exposure limit values {Article 3(1)). All conditions to be satisfied

Frequency range

Current density
tor head and

Whole body
average SAR

Localised SAR
(head and trunk)

Localised SAR

Power density §

truuk{LEE]A,"m?] Wik W kg (limbs) (W/kg) (W/m2)
Upto 1 Hz 40 — — — —
1 —4Hz 40(f — — — —
4 — 1000 Hz 10 — — — —
1 000 Hz — 100 kHz /100 — — — —
100 kHz — 10 MHz /100 0.4 10 20 —
10 MHz — 10 GHz — 0.4 10 20 —

10— 300 GHz




Notes:

1. fis the frequency in Hertz.

2. The exposure limit values on the current density are intended to protect against acute exposure effects on central
nervous system tissues in the head and trunk of the body. The exposure limit values in the frequency range 1 Hz to 10
MHz are based on established adverse effects on the central nervous system. Such acute effects are essentially
instantaneous and there is no scientific justification to modify the exposure limit values for exposure of short duration.
However, since the exposure limit values refer to adverse effects on the central nervous system, these exposure limit
values may permit higher current densities in body tissues other than the central nervous system under the same
exposure conditions.

3. Because of the electrical inhomogeneity of the body, current densities should be calculated as averages over a
crosssection of 1 cm2 perpendicular to the current direction.

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

5. For frequencies up to 100 kHz and for pulsed magnetic fields, the maximum current density associated with the
pulses can be calculated from the rise/fall times and the maximum rate of change of magnetic flux density. The induced
current density can then be compared with the appropriate exposure limit value. For pulses of duration tp, the equivalent
frequency to apply for the exposure limit values should be calculated as f = 1/(2tp).

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

7. Localised SAR averaging mass is any 10 g of contiguous tissue; the maximum SAR so obtained should be the value
used for estimating exposure. These 10 g of tissue are intended to be a mass of contiguous tissue with nearly
homogeneous electrical properties. In specifying a contiguous mass of tissue, it is recognised that this concept can be
used in computational dosimetry but may present difficulties for direct physical measurements. A simple geometry such
as cubic tissue mass can be used provided that the calculated dosimetric quantities have conservative values relative to
the exposure guidelines.

8. For pulsed exposures in the frequency range 0,3 to 10 GHz and for localised exposure of the head, in order to limit and
avoid auditory effects caused by thermoelastic expansion, an additional exposure limit value is recommended.

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

9. Power densities are to be averaged over any 20 cm2 of exposed area and any 68/f1,05-minute period (where fis in
GHz) to compensate for progressively shorter penetration depth as the frequency increases. Spatial maximum power
densities averaged over 1 cm2 should not exceed 20 times the value of 50 W/m2.

10. With regard to pulsed or transient electromagnetic fields, or generally with regard to simultaneous exposure to
multiple frequency fields, appropriate methods of assessment, measurement and/or calculation capable of analysing the
characteristics of the waveforms and nature of biological interactions have to be applied, taking account of European
harmonised standards developed by Cenelec.



Table 2
Action valees (Aricke 32)) (unperurbed sms values)

) Eleric fidd | Mapnemic field | Magoetic flux :ﬂumhﬂ?v: Comad Lizb induced

T eS| Rt | YEC ey 3 A | s
0—1He — 163107 X100 — 1.0 —
1—8He 20000 1,6 d 10 T EE — 1.0 —
B— 15Hz 20000 2x10%F 2 51 o f — 1.0 —
0025 — 0 E2kH= SO0 aof a5if — 1.0 —
081 — 1.5 kHz 610 244 T — 1.0 —
15 — &5 kil 610 244 T — 04t —
65 — 100 kie 610 1 &00E 2000t — 04t —
01 —1 M 610 1alf 2 — a0 —
1—10MH a1iif 1alf ki —_ a0 —_
10 — 110MH=z &l 0l1é 2 10 40 100
110 — 400 Mie &l 0l1é 2 10 —_ —_
400 — 3 000 M 3 Qaos 0019 (1EN] — —
1— 300 Giz 137 036 045 50 — —
Nates:

1

9

i
1

[is the bequency in the units indiczed i the Fequency range column
For Fequencies hetween 100 kilz and 10 GHe, SH E H Band Lare to be sreraged over any sis-mimute period
For Fequencies exoee ding 10 GHe, 5, E Hand Bare to e overaped over any GE|If L mimpe period |f in GHz)
For frequencies w o 100 kHz, peak action vakes for the field szengths cam be obtained by mukipling the rms
vahe by (2% For pules of durgion ¢, the equivakm Erequency to aply for the action values should be calouleed
asb= 1J{de]

Chh
For frequencies between 100 kHz and 10 MHe, peak action values for the field strengths are calouleed by mukic
plying the relevant rms vahes by 10, whene a = (L8665 log (10) + 0176}, Ein He
For Frequencies betmeen 10 MEz and 300 GHz, peak action vahes are cakoulited by mukiplyicg the commesponding
rms vahues by 32 for the Field sTengths and by 1 000 bor the equivalem plane wave power -c‘ensi:_r
With regard to puled or tramsient elecromagmetic fields, o penerally with repard to simubaecw expoare o
mukiple Fequency I:lel-t:h.I .ppcc?xi.ne methods of assessment, measremers andlcr caloulation capable of analysic
the characeristics of the wavelorms and nature of biclogical imeractions have to be applied, :a|-r.i:g'¢; OO o
harmoaised European standards developed by Genelec
For peak values of pulsed modulared el ciromagmetic fields, # is abso s sied that for camrier Frequencies exceeding
10 MEe, 5, as averaged over the pube widh should net exceed 1 000 times the 5 azion values or that the Held
smngth should not exoeed 32 times the Field srenpth action values for the carrier Frequency



IEEE Standard for Safety Levels with Respect to Human Exposure
to Radio Frequency Electromagnetic Fields,
3 kHz to 300 GHz

Sponsored by the
IEEE International Committee on Electromagnetic Safety (SCC39)

IEEE Std C95.1™-2005
(Revision of IEEE Std C95.1-1991)



EMF Measurements
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Difficulties
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Difficulties

900 MHz
RELATIVE PERMITTIVITY

CONDUCTIVITY
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e

http://www.who.int/peh-emf/en/

httn:fhvww.irr.:.::ﬂ:.eu.intfemf—netfindt:x.cfm

At

http://matura2000.mos.gov.pl/natura2000/index.php
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