SleMbl g3k 5 S5l o)l
cilblojlodmg s f
clc bl 5 glisg r’

2l9ol sl Slblao s S (sleSel,

ol 20 Dl jaga5 b lisog Sl

OleMbl ,5lis o Slbls)l oyl \

WWW.ITRC.AC.IR \\




e gz bliiog 2SIl el SLITELBES 2als slo,\Sal, %

ITRC

do Ao

2 Boladl S (g9 3T EMFS) | pusloliiog iUl (sloghine (2yme 53 il 05039, (28,5 13
5 6508 Arng b a8 o8 0 (Joinll wilazils JF ko GLEMF (5)m0 )0 o)lsen 355 pee Job
laglone 51 sloyind Sl amrblinog Sl Cils ol 413l _il3l EMF egtime molia o), olbls)
28 9 728090k ca93l, G BB (55,0 7101 ) (S 5y b uils 8 5 e Siliwl (qubline 5 (S 2SI
Ol 1) gmablisng xSl slagy e Jgons mlie g (gurblineg xSl o VS5 0l oo LS andl (2 5 (e
.AQQLSA
aiilge EMR) T qupblinng mSU (2li b 5 (quebliiiog o8Il (5500 51 (IS0 amoly sloJUSm
e Js¥se Se ) B 655 pefitane Hobay aLlgs ood &5 (e ) 4 jlop 8 (amdly slalSe
Y glsel U X slags n aiile (g5lu e Oladnis OS5 cpl oS e Q~| lors Gladigy o b Sl
@ e Wi oo a5 Wsd (Jlred slml el 5 wsS )5 o580 5 Lol 1, Lagys 2SIl aiils o oS o

098 ol Yzt 5 3l o]

THE ELECTROMAGNETIC SPECTRUM
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' Electromagnetic Fields

' Electromagnetic Radiation
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' natural physiological signals

" thermal stress

" hyperthermal collapse
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' case—control
¥ retrospective
¥ cohort

¥ follow-up study
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' electromagnetic compatibility

" International Agency for Research on Cancer
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" Human exposure to electromagnetic fields (EMF) due to radio systems and mobile equipment
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Exposure Frequency range Current density Whole-body Localized SAR Localized SAR
characteristics for head and average SAR (head and trunk) (limbs)
trunk (Wkg") (Wkg!) (W kg
(mA m 2)(rms)
Occupational up to I Hz 40 — — —
exposure 14 Hz 40/f — — —
4 Hz—1 kHz 10 — — —
1-100 kHz 7100 — - -
100 kHz—10 MHz 17100 0.4 10 20
10 MHz-10 GHz — 0.4 10 20
General public upto 1 Hz 8 — — —
exposure 14 Hz 8/if — — —
4 Hz-1 kHz 2 — — —
1-100 kHz f1500 - - -
100 kHz-10 MHz 17500 0.08 2 4
10 MHz-10 GHz — 0.08 2 4

Notes:

1. f1s the frequency in hertz.

2. Because of electrical inhomogeneity of the body, current densities should be averaged over a cross-section of 1 cm” perpendicular to the current
direction.

3. For frequencies up to 100 kHz, peak current density values can be obtained by multiplying the rms value by v2 (~1.414). For pulses of duration
£, the equivalent frequency to apply in the basic restrictions should be calculated as /= 1/(21,)).

4 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 basic restriction.

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

6. Localized SAR averaging mass is any 10 g of contiguous tissue; the maximum SAR so obtained should be the value used for the estimation
of exposure.

7. For p[:lscs of duration 7, the equivalent frequency to apply in the basic restrictions should be calculated as = 1/(2t,). Additionally, for pulsed

exposures, in the frequency range 0.3 to 10 GHz and for localized exposure of the head, in order to limit or avoid auditory effects caused by
thermoelastic expansion, an additional basic restriction is recommended. This is that the SA should not exceed 10 mJ kg™' for workers and 2
ml kg for the general public averaged over 10 g tissue.
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Exposure characteristics Power density
(Wm?)
Occupational exposure 50
General public 10
Note:
1. Power densities are to be averaged over any 20 cm’ of

exposed area and any 68//'**-minute period (where f'is in
GHz) to compensate for progressively shorter penetration
depth as the frequency increases.

2. Spatial maximum power densities, averaged over 1 cm®
should not exceed 20 times the values above.
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Frequency range E-field strength H-field strength B-field Equivalent plane wave power

(Vm') (Am") (nT) density S,

(Wm?

up to 1 Hz — 1.63 x 10° 2x 10° —
1-8 Hz 20 000 1.63 x 10°%/f 2 x 105 —
8-25Hz 20 000 2x 10%f 2.5 x 10%f —
0.025-0.82 kHz 500/ 20/f 25/f —
0.82-65 kHz 610 24.4 30.7 —
0.065-1 MHz 610 1.6/f 2.0/ —
1-10 MHz 610/f 1.6/f 2.0/f —
10400 MHz 61 0.16 0.2 10
400-2000 MHz 307 0.008/'? 0.01/' 1140
2-300 GHz 137 0.36 0.45 50

Notes:

1. fas indicated in the frequency range column.

2. Provided that basic restrictions are met and adverse indirect effects can be excluded, field strength values can be exceeded.

3. For frequencies between 100 kHz and 10 GHz, S,,, E?, H’, and B? are to be averaged over any 6-minute period.

4. For peak values at frequencies up to100 kHz see Table 4, note 3.

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

6. For frequencies exceeding 10 GHz, S,,, E*, H, and B are to be averaged over any 68//'*-minute period (f'in GHz).

7. No E-field value is provided for frequencies <1 Hz, which are effectively static electric fields. Electric shock from low impedance sources is
prevented by established electrical safety procedures for such equipment.

. . .0 Ve o - & (e . - é - /,
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Frequency range E-field strength H-field strength B-field Equivalent plane wave power
(Vm') (Am') (uT) density S, (W m?)
up to 1 Hz — 3.2x 10 4x 10 —
1-8 Hz 10,000 3.2x 10Yf 4x 10Yf =
8-25Hz 10,000 4,000/ 5,000/ —
0.025-0.8 kHz 250/f 4/f SIf —
0.8-3 kHz 250/f S 6.25 —
3-150 kHz 87 5 6.25 —=
0.15-1 MHz 87 0.73/f 0.92/f —=
1-10 MHz 87/f1? 0.73/f 0.92/f —
10-400 MHz 28 0.073 0.092 2
400-2000 MHz 1.375/"2 0.0037/' 0.0046/'> £200
2-300 GHz 61 0.16 0.20 10

Notes:

l. fas indicated in the frequency range column.

2 Provided that basic restrictions are met and adverse indirect effects can be excluded, field strength values can be exceeded.

3 For frequencies between 100 kHz and 10 GHz, S, E*, H’, and B’ are to averaged over any 6-minute period.

4. For peak values at frequencies up to 100 kHz see Table 4, note 3.

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

6. For frequencies exceeding 10 GHz, S, E*, H’, and B* are to be averaged over any 68/f"**-minute period (fin GHz).

7 No E-field value is provided for frequencies <1 Hz, which are effectively static electric fields. For most people the annoying perception of surface

electric charges will not occur at field strengths less than 25 kVm™. Spark discharges causing stress or annoyance should be avoided.
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' Guidance on complying with limits for human exposure to electromagnetic fields
¥ Guidance on measurement and numerical prediction of electromagnetic fields for compliance with human exposure

limits for telecommunication installations
" Mitigation techniques to limit human exposure to EMFs in the vicinity of radiocommunication stations
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' Monitoring of electromagnetic field level
¥ Evaluation techniques and working procedures for compliance with exposure limits of network operator personnel

to power-frequency electromagnetic fields
¥ Guidance for assessment, evaluation and monitoring of human exposure to radio frequency electromagnetic fields
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' Measurement of radio frequency electromagnetic fields to determine compliance with human exposure limits when

a base station is put into service
Y Generation of radio-frequency electromagnetic field level maps

¥ Guidance on the environmental management for compliance with radio frequency EMF limits for

radiocommunication base stations
TExposure levels in close proximity of radiocommunication antennas
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' Guide on electromagnetic fields and health
" Electromagnetic field considerations in smart sustainable cities
¥5G technology and human exposure to RF EMF
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' Radiofrequency electromagnetic field (RF-EMF) exposure levels from mobile and portable devices during different

conditions of use
" The impact of RF-EMF exposure limits stricter than the ICNIRP or IEEE guidelines on 4G and 5G mobile network

deployment

] 25l SleMbl (5,9L8 ¢ bl )| olXidghs pb SO & a0 ;0 mges o155 Slhgize jloslaiul g s




Sl pbee Slid (pupbliieg xSl glgal Sludl SlbEw a5 slo Sal, f

ITRC

ITU-R sraclaog o

DS 35 sl o 38 ey iy L) slepimnes 3 25U slolane obs)» lsie b ITU-R BS.1698
b polie e g gl Jool aisS oo clad i pod andl Srme 10 61518 2L3) sl
gt sl 0 o 0l oditn b ol 51 ols ol 0 |, iy dad oSl S 5] rboliog 1S
o 30 S ) oladl il sl 1) omilie (slao ilinl (SNl iz ) soliial b ailyi e
4 dlaly (gmmb jsbar (Jlyke lejle s yo eoliiulyjge (Hly Dlereal S sbml k) Oledads
ogdise 48)S (Mallins 5 (A Ut (ilige Glo il bawgi o5 col Sloraas

oatohe Codlo s RF ginss i il J,oS e oblinl oloadl iasbiaross cul V-0 iy o

ITU-D sbraclaoy o

Sloilane b Lpgas o ouls 5 byl i olsie L -QUESTION 23/1-STUDY GROUP 1
o Jelos (Sl pbe Sligas coal pogas 50 ) Gilisie 6lo )5S 5,95V S ) il o« ludl p cunibolinag 2SI
Slllas .ol sadiagys o90l) Sl Oliwed Sae GYeb Ollas 8524 51 Slasliv ulul 5 auw plocs
2o g LSyl el lre D3y (Jdlpl 0,57 (5500 o p gledole SlaysiS )0 (58S, (ke
el ool

IEEE & ,laibinl ~Y—¥
30 emmblioneg mSUI slalane gl 1) rinid Fobaw jloee 0gax b Gudas o)) slas,luslenl IEEE
38 o) s 31 aS Canl 00,5 &Sl IEEE Std C.95-1-2019 lgie b 35,08 Yoo b+ uilS 3 oogame

IEEE Std C.95-6-2002 _ixy o (i a9 3 428,55 o il 3] Censl o0 piiie Y14 Jlo ST

' Evaluating fields from terrestrial broadcasting transmitting systems operating in any frequency band for assessing

exposure to non-ionizing radiation
YSTRATEGIES AND POLICIES CONCERNING HUMAN EXPOSURE TO ELECTROMAGNETIC FIELDS
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! Passive implanted medical devices
2 Active implanted medical devices
3 Body-worn medical devices
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