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Abstract

New wireless communication technologies, such as 5 G, have been
implemented in Thailand, covering higher frequency ranges than previously used and
employing new signal transmission techniques like MIMO and beamforming. These
developments have led to limitations in the human health safety standards for radio
communication devices, which have been established by Thailand's National
Broadcasting and Telecommunications Commission (NBTC), based on the 1998 version
of the ICNIRP Guidelines. Furthermore, the regulations for assessing the health impacts
of electromagnetic fields (EMF) based on these guidelines are no longer
comprehensive or suitable for the current frequency usage conditions. This paper aims
to present an appropriate and internationally aligned approach for assessing the health
impacts of EMF in the context of new technologies such as 5G, primarily focusing on
the updated ICNIRP Guidelines published in May 2020. The study's findings, based on
the analysis of current EMF health impact assessment methodologies, conclude that
there is a need to revise and improve the existing approach to health impact
assessment to align with the 2020 ICNIRP Guidelines and new technologies such as 5G,

which are already in use in Thailand. This includes addressing aspects such as the
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classification of radio communication devices and ensuring compliance with the
regulations. It is also necessary to determine which radio communication devices or
stations should undergo EMF health impact assessments or be exempt, considering
the technical characteristics and usage of those devices or stations. Additionally,
improvements should be made to the EMF impact assessment methods, including
adjustments to measurement durations in accordance with appropriate international
standards, as well as adapting measurement techniques to consider antenna
technologies and the use of small cell base stations. The study also recommends
creating a standardized EMF emission measurement manual and assessing the
suitability and readiness of measurement tools to create an EMF Measurement
Readiness Report for future reference and application.

Keywords: Electromagnetic fields, health safety standards, wireless communication

technologies, 5G.
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ICNIRP (2020) reference levels averaged over the whole body and 30 min

Exposure Frequency Incident E-field strength;  Incident H-field strength; Incident power density;
scenario range Eie (V/m) Hinc (A/m) Sinc (W/m?)
>400 - 2000 MHz BfM‘“’ O.OOBfM°5 fM/4O
Occupational
>2 - 300 GHz NA NA 50
>400 - 2000 MHz 1.375fM°5 O.OOSYJ‘MO5 fM/ZOO

General public
>2 - 300 GHz NA NA 10

Notes:

1. NA signifies “not applicable” and does not need to be taken into account when determining compliance.

2 f,,is frequency in MHz.

3.5, E,. . andH,_aretobe averaged over 20 min, over the whole-body space. Temporal and spatial averaging of each of E, _and H,_must be conducted by
averaging over the relevant square values (see eqn 8 in Appendix A of ICNIRP (2020) for details).

4. For frequencies of >30MHz to 2 GHz: (a) within the far-field zone: compliance is demonstrated if either 5‘..5 Em or Hm, does not exceed the above reference level
values (only ane is required) SQE may be substituted for Sm; (k) within the radiative near-field zane, compliance is demonstrated if either 5‘..: or both Emc and HM,
does not exceed the above reference level values; and (c) within the reactive near-field zone: compliance is demonstrated if both En: and Hm( do not exceed the
above reference level values; S, _ cannot be used to demonstrate compliance, and so basic restrictions must be assessed

5. For frequencies of >2 GHz to 300 GHz: (a) within the far-field zone: compliance is demonstrated if S, _ does not exceed the above reference level values; S, may
be substituted for S, ; (b) within the radiative near-field zone, compliance is demonstrated if S, _does not exceed the above reference level values; and (c) within

the reactive near-field zone, reference levels cannot be used to determine compliance, and so basic restrictions must be assessed

Ul 1 ICNIRP 2020 whole body exposure
(Reproduced from GSMA)

ICNIRP (2020) reference levels for local exposure and averaged over 6 min

Exposure Frequency Incident E-field strength; Incident H-field strength;  Incident power density;
scenario range Eine (V/m) Hine (A/M) Sinc (W/m?)
>400 - 2000 MHz 3£, 0.008f %= 0.29f 0%
>2 -6 GHz NA NA 200
Occupational
>6 GHz - <300 GHz NA NA 275/1560W
300 GHz NA NA 100
>400 - 2000 MHz 1.375f,°° 0.003771,,%° 0.0587,°%
>2 -6 GHz NA NA 40
General public
>6 GHz - <300 GHz NA NA !SES/fGO-‘77
300 GHz NA NA 20

Note:

1. “NA” signifies “not applicable” and does not need to be taken into account when determining compliance.

2.1, is frequency in MHz; f_ is frequency in GHz

3 Sm_ Em, and Hm are to be averaged over 6 min, and where spatial averaging is specified in Notes 6-7, over the relevant projected body space. Temporal and
spatial averaging of each of E,_and H,_must be conducted by averaging over the relevant square values (see ean 8 in Appendix A of ICNIRP (2020) for details).
5. For frequencies of >30MHz to & GHz: (a) within the far-field zone, compliance is demonstrated if one of peak spatial S, E,_or H_, over the projected whole-
body space, does not exceed the above reference level values (only one is requirad); Su may be substituted for Sim (b) within the radiative near-field zone,
compliance is demonstrated if either peak spatial S, , or both peak spatial E,_and H, ., over the projected whole-body space, does not exceed the above reference
level values; and (c) within the reactive near-field zone: compliance is demonstrated if both Em and Hm do not exceed the above reference level values; Sm cannot
be used to demonstrate compliance; for frequencies >2 GHz, reference levels cannot be used to determine compliance, and so basic restrictions must be assessed,
6. For frequencies of »6 GHz to 300 GHz: (a) within the far-field zone, compliance is demonstrated if S, averaged over a square 4-cm’ projected body surface
space, does not exceed the above reference level values; S‘q may be substituted for S, ; (b) within the radiative near-field zone, compliance is demonstrated if S, ,
averaged over a square 4-cm? projected body surface space, does not exceed the above reference level values; and (c) within the reactive near-field zone reference
levels cannot be used to determine compliance, and so basic restrictions must be assessed.

7. For frequencies of >30 GHz to 300 GHz, exposure averaged over a square 1-cm? projected body surface space must not exceed twice that of the square 4-cm?
restrictions.

gﬂf"i 2 ICNIRP 2020 local exposure
(Reproduced from GSMA)
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A519T 1 Summiary of Difference between the ICNIRP (2020) and previous Guidelines

(Reproduced from GSMA)

Change

ICNIRP (1998)

ICNIRP (2020)

Explanation

Frequency range

0 to 300 GHz

100 kHz to 300 GHz

Lower frequencies are
covered by ICNIRP 2010

guidelines

Whole body SAR

basic restriction

100 kHz to 10 GHz

100 kHz to 300 GHz

New research shows
potential for whole-body
heating at higher
frequencies as blood flow
can carry heat throughout

the body.

Averaging time for
whole-body

exposures

6 min

30 min

Better relationship to the
time taken for whole-body

temperature rise.

Averaging mass for

local SAR

10 ¢ of contiguous

tissue. 100 kHz to

10 GHz

10 g of tissue in the
shape of a cube, 100
kHz to 6 GHz

Better relationship with
local temperature increase.
Frequency change is
practical compromise in
the transition from SAR to

absorbed power density.

Local exposure

basic restriction

Incident power
density. 10 - 300
GHz

Absorbed power

density. 6 to 300 GHz

Better measure of the
exposure internal to the
body given that up to 50%
of incident power density is
reflected at the surface of
the body. Frequency
change is practical
compromise in the
transition from SAR to

absorbed power density.

Averaging area for

local power density

20 cm? (>10 GHz)

cm? (>30 GHz)

4 cm? (>6 GHz) plus 1

Area change gives a better

transition from SAR to

power density (10 ¢ cube
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ICNIRP (1998)

ICNIRP (2020)

Explanation

has edge length of 2.2 cm).
The additional restriction
above 30 GHz limits
potential for localized
heating by focused beams.
Frequency change is
practical compromise in
the transition from SAR to

absorbed power density

Averaging time for

local power density

6 min (<10 GHz)
68/f*° min (>10
GHz)

6 min (>6 GHz)

Better relationship with
local temperature increase.
Frequency change is
practical compromise in
the transition from SAR to

absorbed power density.

Basic restrictions for
brief (<6-min) and
intense local

exposure

Specific absorption

0.3 to 10 GHz and

power density (>10
GHz)

Specific absorption
(>400 MHz to 6 GHz)
and absorbed energy

density (>6 GHz)

Limits set as function
of exposure duration

(>0 to <6 min)

Better relationship with
local temperature increase
and ensure that local
heating from pulses can't
cause pain or tissue
damage. Microwave heating
effect no longer explicitly
addressed but protected by
updated limits.

Whole body

reference levels

Equivalent plane
wave E-field, H-field
and power density

(400 MHz to 300

GHz)

Incident E-field, H-
field (400 MHz to 2
GHz)
Incident power
density (400 MHz to
300 GHz)
Equivalent plane
wave power density

(only in the far-field)

E-field and H-field levels
are not always a good
estimate of the basic

restrictions above 2 GHz.
Equivalent plane wave

parameters are only
permitted in the far- field
zone to better match basic

restrictions.
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Change ICNIRP (1998)

ICNIRP (2020)

Explanation

Local exposure Not defined

reference levels

New local exposure
reference levels and
rules on application

in near-/far-field

Each basic restriction has a
corresponding reference
level. Application rules to

ensure better match to

zones. corresponding basic

restrictions.

Reference levels Peak E- and H-field Incident energy Ensure compliance with

for brief (<6-min) strengths and density basic restrictions for brief

and intense local equivalent plane Limits set as function and intense local

exposure wave power of exposure duration exposures.

(>0 to <6 min)

density

ICNIRP lauanwimugliin Useneanne q asaslausulsangsedounigluvesnuedli
danAd 83U ICNIRP Guidelines aUu A.A. 2020 kagWaTUIUTUUTITL AT LHEUNT 6D
v & R ' A o w v A @ ] ~
ans1saueliludagdunduiiveslindrinnislasuafuusivanti uaskansenudoguaImg

1ANAITNUNIWITIUNTSUMSINGANERSAY T alA [9]
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MsANLARDUN

A5797 2 Summary of ICNIRP (2020) field zone compliance rules for frequencies from

400 MHz to 300 GHz

(Reproduced from

GSMA)

Whole-body

Averaging Frequency range Field zone Compliance demonstrated if
time
Far-field either S i, Or Hinee does not exceed the
reference level values (only one is required)
Radiative near-field either S, or both E;. and H,,. does not
30 min >400 - 2000 MHz exceed the reference level values

Reactive near-field

both E,,. and H;,. do not exceed the
reference level values; S, cannot be used
to demonstrate compliance, basic

restrictions must be assessed

10
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Averaging Frequency range Field zone Compliance demonstrated if
time

Far-field Sic does not exceed the reference level

values
Radiative near-field Sine does not exceed the reference level

>2 - 300 GHz values

Reactive near-field

reference level values cannot be used to
demonstrate compliance, basic restrictions

must be assessed

Local

6 min

>400 - 6000 MHz

Far-field one of peak spatial S, Ej,c or Hipee Over the

projected whole-body space, does not
exceed the reference level values (only one

is required) S, may be substituted for Sy,
Radiative near-field

either peak spatial Sy, or both peak spatial
Eirc and H;,. over the projected whole-body
space, does not exceed the reference level

values
Reactive near-field

both E;,. and H;,. do not exceed the
reference level values; S, cannot be used
to demonstrate compliance, for frequencies
>2 GHz, reference levels cannot be used to
determine compliance, and so basic

restrictions must be assessed
Far-field

Sine @veraged over a square 4-cm? projected
body surface space, does not exceed the

reference level values

>6 — 300 GHz

Radiative near-field | S, averaged over a square 4-cm? projected

body surface space, does not exceed the

reference level values

Reactive near-field reference levels cannot be used to

determine compliance, and so basic

restrictions must be assessed

11
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