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O Comparative Analysis of RF-EMF Measurement Result and Changes
in Anxiety of RF-EMF

Comparative Analysis of RF-EMF
Measurement Results and Changes

in Anxiety of RF-EMF

1. Introduction

In Korea, the various radio-frequency electromagnetic field (RF-EMF)
human protection policies and systems are established and managed to
protect the public from RF-EMF exposure. However, the public's anxiety
about exposure to RF-EMF is high as controversy over the harmfulness
of EMF to the human body has spread. Accordingly, in this paper, we
analyse the results of measuring human exposure to RF- EMF from
various RF-EMF exposure sources such as base station (BS) and WIFI
router in day-care centres, kindergartens, and schools. In addition, we
analyse the effect of alleviating RF-EMF anxiety by providing
information on measurement results.

3. Results

3-1. RF-EMF Measurement Results in children and adolescent facilities
As shown in Figure 1, RF-EMF measurement results were compared and
analysed by type of facility, for children and adolescents. Although RF-
EMF in middle and high schools tends to be relatively high compared to
other facilities, but it is insignificant compared to the ICNIRP guideline.
RF-EMF measurement results for each facility's environment are shown
in Figure 2. As shown in the measurement results, the WIFI band
measurement result was the highest. This can be inferred that most BSs
are installed outdoors, so the measurement point is far away or
attenuation occurs in the progress of propagating indoors, while WIFI
routers are installed indoors close to the measurement point, so the
measurement results are relatively high. RF-EMF measurement results
in 2023 and 2022 are compared as shown in Figure 3. This result is
expected to be influenced by the number of 5G BSs, as shown in Table 1.

<Figure.1> Measurement results by facility type

<Figure.2> Measurement results by facility’s environment

Jongchan Kim, Taewook Hwang
Korea Communication Agency,
Republic of Korea

2. Methods

RF-EMF  measurements were conducted on major mobile
communication service bands such as 4G, 5G, and WIFI in classrooms,
hallways, and playgrounds where children and adolescents are active,
targeting 2,234 facilities, including day-care centres and kindergartens,
from 2022 to 2023. The RF-EMF measurement results were calculated
by spatially averaging the average of the channel power measurements
for 1 to 6 minutes at heights of 0.9, 1.1, 1.5, and 1.7 m respectively. A
height of 0.9m was added to this measurement, which apply the
Korean standard for measurements considering children’s height.

3-2. Verifying of a survey on anxiety change of RF-EMF

Personnel at the facility where RF-EMF were measured were informed
of the measurement results and educated on lifestyle habits that can
reduce exposure to RF-EMF in daily life. Afterwards, we investigate the
changes in the level of anxiety of RF-EMF. The survey was conducted
online and 175 teachers responded. The survey results are shown in
Table 2. The level of anxiety of RF-EMF was surveyed on a 5-point scale
and converted to a score out of 100, and the closer the response result
is to 100, the lower the anxiety of RF-EMF. As shown in Table 2, the
level of anxiety of RF-EMF before measuring RF-EMF was 63.1 points,
and after measuring RF-EMF, it improved by 36.5% to 86.1 points.
Through the results of this survey, it was confirmed that the anxiety of
RF-EMF can be improved by providing RF-EMF measurement results
and guidance on habits that can reduce RF-EMF exposure in daily life.

<Figure.3> Measurement results by year
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<Table.1> The number of BSs installation(2022~2023)

4G band

Measurement result{unit : %)

I )

hallway playground 2022 2023
5Gband w WIFI band m4Gband =5Gband = WIFi band

<Table.2> Results of a survey on changes in RF-EMF anxiety(unit : point)

Division | 2022 2023 Result Before measurement After measurement
4G 1,022,498 1,052,705 Score 63.1 86.1
5G 246,409 305,801
Total 1,268,907 1,332,422

3. Conclusions

In this paper, we compared and analysed the RF-EMF measurement results for facilities where children and adolescents live and the changes in
anxiety of RF-EMF through RF-EMF measurement. According to the measurement results, it was confirmed that the intensity of RF-EMF in
facilities where Korean children and adolescents live and receive education is at a very low level of up to 2.86% compared with ICNIRP guideline.
In addition, it was confirmed that anxiety of RF-EMF was improved by providing RF-EMF measurement results and guidance on ways to reduce RF-
EMF exposure in daily life. In light of these results, it is inferred that providing objective information in understanding and communicating with the
public who has anxiety about RF-EMF has a positive effect in alleviating anxiety and improving anxiety. Therefore, in the future, we plan to expand
RF-EMF measurements to various facilities and provide information to improve the public's anxiety of RF-EMF.

4. References

[1] ICNIRP, “Guidelines for Limiting Exposure to Time-Varying Electric, Magnetic, and Electromagnetic Fields (Up to 300 GHz)”, 1998
[2] TTA Standard TTAK.KO-06.0391, “Measurement Method of Human Exposure Levels for EMF Vulnerable Area”, Dec. 2015.3
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O Analysis of the Effectiveness of RF-EMF Recognition Enhancement
through RF-EMF Self-Test

Analysis of the Effectiveness of Hyeongyeol Lim,
RF-EMF Recognition Enhancement

Mina Shin,
Taewook Hwang
through RF-EMF Self-Test < Korea Communications Agency >

@ Introduction @ RF-EMF Measurement Results and Perception Changes
With the commercialization of 5G services in South Korea, the number of base In 2023, 2,012 individuals participated in the free RF-EMF self-test. The measured
stations (BSs) increased from 1.46 million in 2019 to 1.66 million in 2023. RF-EMF levels were approximately 1% of the ICNIRP guideline limits for the general
Specifically, the number of 5G BSs grew from 70,000 to 330,000 during this period. public. The study assessed anxiety and satisfaction levels before and after the self-
This proliferation has heightened public concerns regarding radio-frequency test. Results indicated a decrease in RF-EMF anxiety from 42.53 to 74.66 points,
electromagnetic fields (RF-EMF), leading to a rise in RF-EMF measurement with satisfaction reaching 85 points, where higher scores indicate lower anxiety.

requests from 2,468 in 2021 to 6,415 in 2023. Due to the impracticality of
professionals measuring RF-EMF in every individual's living area, this study

® Measurement results for each service band
explores the effectiveness of self-tests using RF-EMF measurement devices, (Unit: v/m]

allowing individuals to assess RF-EMF levels in their own environments.
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7 I | The RF-EMF measurement devices in the self-test were placed at considerable
g P IR ‘ distances from outdoor base stations (BS), resulting in uniformly low RF-EMF

a1 values for the 3G, 4G, and 5G bands. In contrast, the WIFI band exhibited higher
RF-EMF values, likely influenced by indoor WIFI routers rather than outdoor BSs.
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<Status of BS in S.Koreaand Perception the Risk of RF-EMF >

® Survey Results
® Methodology of RF-EMF Self-Test To investigate anxiety and satisfaction levels before and after directly measuring
RF-EMF among users of the RF-EMF self-test service, a pre- and post-survey was
® RF-EMF self-test process consists of three stages: "Request - Measurement —> Survey" conducted using a 5-point Likert scale.
1. Request Stage: The public applies through the website, and initial anxiety I Question T Results

about RF-EMF is assessed (D What is the current level of

° 42.53 point | -, 22.5:
. 5 'ty about RF-EMF? @ ——
Measurement Stage: Small RF-EMF measurement devices are installed in — anxiety abou
(2 How anxious are you about ®
residential or office spaces to measure electric field strength (V/m) for 3G, 4G, RE-EMF after using RF-EMF | 74.66 point | -
5G, and WIFI services at six-minute intervals over 24 hours. self-test? ® ﬁ

® Were you satisfied with the
RF-EMF self-test?

~

3. Survey Stage: Post-test surveys evaluate changes in awareness and satisfaction
regarding RF-EMF.

8500 point | 30 60 %

3 Basis for calculation (unit : number of respondent, point)

1-1 stage 1-2 stage 2 stage 3-1 stage 3-2 stage Ouestion Results
N Spoint | 4point | 3point | 2point | 1point | Total Score”
RF-EMF rental ameasuring  Return the  RF-EMF Anxiety and o= T
EMF home page ; ) " @ 23 5 558 924 462 2,012 4253
— Anxiety Survey instrument measuring in  Satisfaction Survey ) 115 140 114 2 18 416 74.66
(emf kca.kr] @ |
(Current) (One week) strument  (After self-diagnosis) [6) 225 115 47 13 16 416 85.00
Preliminary Rental and * Score : [[{(5 point x number of respondent) + (4 point x number of respondent) + (3 point x
Request suey Monitoring Return Post-mortem survey number of respondent) + (2 point x number of respondent) + (1 point x number of respondent)} /
(Total number of respondent)]/ 5] x 100
< RF-EMF self-test procedural diagram >
Since it is challenging for individuals to directly observe and confirm RF-EMF in
® RF-EMFmeasurement device various living environments and spaces, anxiety towards RF-EMF decreased, and
The RF-EMF measurement device used in the self-test can measure frequencies satisfaction levels increased through the process of directly observing and
from 800 MHz to 6 GHz and complies with ITU-T K.83 recommendations. To confirming RF-EMF using the provided RF-EMF measurement device.

facilitate public understanding, the device displays measured RF-EMF levels using
LED color changes on the front panel, aligned with ICNIRP guideline ratios.
Detailed measurement data are accessible via a dedicated smartphone @ Conclusion

application.
In this paper, we conducted a self-test of RF-EMF using small RF-EMF measurement

devices capable of separately measuring frequencies from the 800 MHz to 6 GHz
band on 2,012 peoples. While there existed vague anxiety regarding high levels of
RF-EMF in living spaces, this self-test allowed for direct measurement and
confirmation of RF-EMF, revealing a reduction in anxiety towards RF-EMF due to the
observed low levels of RF-EMF. The effectiveness of improving RF-EMF awareness,
coupled with high satisfaction levels observed in RF-EMF self-test, suggests the need
<RF-EMF i and i i for expanding experience services tailored to the public's understanding and needs.
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O Review for Risk-Communication Effectiveness Using Information
Disclosure Device for RF-EMF

Review for Risk Communication
Effectiveness Using Information
Disclosure Device for RF-EMF

Introduction

The Korea Communications Agency (KCA) is a government agency
in Korea that specializes in Radiofrequency Electromagnetic Fields
(RF-EMF) related to base stations (BS).

In order to reduce the public's vague anxiety about RF-EMF,

we made the results of BS measurements publicly available by
displaying them on a map and provided free rental of small RF-EMF
meters. As part of these activities, we created an

RF-EMF Exposure Light (REL) that allows people to check

RF-EMF strength in real time.

<RF-EMF Information map>
R Y X

About RF-EMF Exposure Light(REL)

The REL is shows real-time measurements of RF-EMF strength

on an LED display board.

REL presents four categories of RF-EMF strength measurements for
3G, 4G, 5G, and WIFI in both numerical and three-color format.
This design considers the concerns of Korean citizens,

with blue indicating levels below 50% of the ICNIRP reference
guidelines for the general public, yellow represents 50% to 100%,
and red indicating levels exceeding 100%.

< Display LED Screen(Measurement results) >

36 46
00V/m 00V/m
0.0% 0.0%
10/10 00:00 10/10 00.00

< REL Real Picture >

< REL Operation Plot >

2024 =k

JaeHo Park*
Hyeong-Yeol Lim
Jong-Chan Kim

TeaWook Hwang
* kcon@kca.kr

RF-EMF Communication Practices

To investigate the potential of RELs in resolving conflicts,

we installed and piloted nine RELs in four densely populated cities.
These cities included three public facilities with high RF-EMF
exposure, and two residential areas.

<RF-EMF Measurement Results>

RF-EMF Strength by Installation Point and Network Type

Verifying the Reduction of RF-EMF Anxiety

While the effectiveness of RELs has been proven, we conducted

a survey of residents in nine areas where RELs have been installed
to verify their effectiveness. A total of 114 individuals participated
in the survey.

< Survey Results >

Question Response Point
(1)were you satisfied with the
information you receive through | (Dvery satisfied 62 @satisfied 44 @moderate 8 89.4
the REL?
(2)How anious are you before: }\ ery anxious 65 Qanxious 17 @moderate 22 w40
using REL? @not anxious 7 Gnot amousatall 3
(3)How anxious are you after (@very anxious 0 Glanxious 0 @moderate 4 Dnot | o
using REL? anxious 51 Gnot amiousatall 59
(4)Should REL be magnified? | (DYes 104 @No 10 91.2

Other comments included, "It was helpful to intuitively understand
the level of RF-EMF radiation," "I was relieved that it addressed my
vague concerns about RF-EMF," "It was beneficial to monitor the
level of RF-EMF constantly," "It was comforting to visualize the
RF-EMF," "It greatly assisted in educating my children," and

"I look forward to further expanding its use.”

RELs played an excellent role in alleviating anxiety about RF-EMF

in conflict areas and among the general public.

Conclusions

Using REL, we were able to resolve conflicts in various areas related
to RF-EMF. Furthermore, we observed a high level of satisfaction
among users of RF-EMF. In the future, KCA will provide public
services by installing and operating RF-EMF in collaboration with
various public facilities. We will also expand our efforts to measure
and provide information on RF-EMF in conflict areas, aiming to
alleviate vague anxiety about RF-EMF through consultation.
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RF EMF Measuremet device RF EMF Exposure Light
1. Simple type Compact RF-EMF Measuremet device for measuring RF-EMF 1. About REL Devices that display RF-EMF measurement results in real-time in
bands between 100 kHz and 6 GHz three colors: red, yellow, and blue
% Measurement Bands 100kHz-6GHz(3G, 46, 56, Wikl
[¥% Display LED Screen (Measurement results)
¥ ent Method All messu e
Me v = i [+ ]
¥ ™ ent time Gmin(i time, & minutes) il ,G ot 4G
% size 7x7x1350m 20010 0080 1000 000

E¥% REL Operation Plot

2. Base Station RF-EMF device i of base
Speclallzatmn ‘ype stations, with 8 measurement band la rgerkhnn the SIMPLE TYPE.

[% Measurement Bands s00MHz-5GHz: . 56 v
E s

Color Information

e
T
o || oCoer | Lo ham S0 o IR
oo || C¥elowt| s0% - 1005 o 1CNIRE s
— | SRty | or e 100 o IR eerence e
[ Prelimi

rvey]  [Rental & Monitaring ]
1

\epas Rental a RF-EMF " -
(emf.kea.kr) Survey (Current) Msasurement devica 2. Installation location

- ﬂ : |

o) - ) 4

[ measurement results ] [Return] [Post-mortem Suryey ] s SR

use the QR code to Return the. RF-EMF Anxisty & . -
view RF-EMF Iamarivg g Satisfaction Survey
measurement instrment (After seif-test)
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