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Long-term exposure to physical agents can be detrimental to children due to their

vulnerability. This study aimed to assess and compare the electromagnetic field (EMF)

exposure level around the kindergartens from the underground transmission line (UGTL).

We investigated randomly selected 24 kindergartens based on the location of the UGTL.

The EMF emission levels were measured using an EMDEX II (Electric and Magnetic Digital

Exposure Meter). The maximum mean value of the EMF emission level was 13.5mG

around the kindergartens and 17.7mG from the point of UGTL to kindergartens. EMF

emission level around the kindergartens was significantly associated with the location

of the UGTL (t = −7.35, P < 0.001). These estimates are not trivial, as long-term

exposure to EMF among kindergarten children can lead to different health problems.

Routine monitoring of EMF emission levels is recommended including the awareness of

EMF exposure to public citizens.
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INTRODUCTION

Electromagnetic fields (EMFs) are a form of radiation energy associated with the modern use of
electrical power. Sensitive areas like schools, kindergartens, hospital, and other public facilities
have been of great concerns of various studies. EMF exposure can lead to environmental impacts
(1). In city areas, transmission lines that are distributed underground still can pose negative
consequences to the general public. Kindergartens, schools, and hospitals are more sensitive to
EMF exposure. Exposure to EMF has been correlated with the occurrence in humans, including
infants, of potential adverse biological and health effects (2). A variety of studies, however, have not
identified statistically significant associations between exposure to EMF and health risks. Although
numerous studies have been performed to assess environmental EMF exposures, they are mainly
concentrated on assessing exposure in adult populations. Restricted information is available on
EMF exposure levels and their related settings in kindergartens and schools (3, 4).

While most of us over the years have probably heard rumblings of the possibilities of negative
health effects attributed to high levels of exposure to EMFs, little definitive word has reached the
mainstream stamping it as a legitimate concern. The concern about exposure to EMF has developed
because of the number of epidemiological studies (5). EMF exposure can pose impacts on the public
and the environment. Mostly in city areas, the transmission lines are distributed and constructed
underground to minimize the exposure limits. Children’s nervous system is more susceptible than
that of adolescents to the effects of EMF exposure. Even though many of us have arguably noticed
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unconfirmed reports of the possibilities of negative health
impacts linked with EMF exposure over the years, no particular
set has gone mainstream embroidering it as a real issue (6, 7).

This paper is a short research commentary article based
on findings from the assessment and comparison of the
EMF emission level from the underground transmission line
(UGTL) around kindergartens. The study focuses on the EMF
emission level assessment in kindergartens located around the
UGTL to address the immediate concern of EMF exposure
among children.

METHODS

The EMF emission levels in kindergartens were measured
based on the location of the UGTL in December 2020. This
study includes 24 kindergartens across Busan, South Korea
(12 kindergartens located near UGTL and 12 kindergartens
without UGTL). The UGTL locations and kindergartens
in Busan City were accessed from Busan Korea Electric
Corporation and Ministry of Education, Korea, respectively.
Then, 24 kindergartens were sampled randomly from the list of
kindergartens based on the UGTL location. We calculated the
EMF emission levels with two measurement techniques as shown
in Figure 1: (i) EMF measurement around the kindergartens
and (ii) EMF measurement from the point of the UGTL to
kindergartens. The emission levels of EMF were measured using
EMDEX II (Electric and Magnetic Digital Exposure Meter). At
0.5, 1, and 1.5m from ground level, we monitored the EMF
emission levels. The data were analyzed using the Statistical
Package for Social Science (SPSS) version 23. To identify
the association of EMF emission and UGTL, a simple linear
regression analysis was performed.

RESULTS AND DISCUSSION

Table 1 shows the variation in EMF emission levels in
the selected kindergartens. The maximum mean value of

FIGURE 1 | Spot measurement around kindergarten and from the

underground transmission line (UGTL) to kindergarten.

13.5mG was monitored around kindergarten, and 17.7mG
was measured from the UGTL to kindergarten, which
is a relatively high emission level. Based on the UGTL,
EMF level was found to be very low (below 1mG) in
kindergartens that were not located around transmission
lines as compared with kindergartens with transmission
lines nearby. EMF emission level around the kindergartens
was found to be statistically significant with UGTL
location (P < 0.01).

EMF emission levels in kindergartens located along the
transmission line were found to be lower than those of the
international (<2,000mG) and Korean (<833mG) guidelines
(5, 8). According to the WHO research findings, studies had
shown that long-term exposure to EMF may be a possible risk
factor for childhood leukemia (9). To find out whether there
is a causal correlation, numerous studies have comprehensively
studied power lines and cancers. Previous studies showed that
power-line-generated EMFs have frequencies that are too low to
impact living cells or damage DNA. There is insufficient evidence
available to establish a justification for setting exposure limits
in regard to the possible long-term consequences of exposure
(e.g., leukemia) (3, 9). The International Commission on Non-
Ionizing Radiation Protection (ICNIRP) recommendations for
reducing EMF effects on humans including children have been
adopted worldwide (10). They primarily guard against the short-
term health effects of exposure to EMFs. EMFs from power
lines, through electric fields induced in the body, may cause
significant changes in the biological system (5–11). Kindergartens
are considered to be highly exposed, and long-term EMF
exposure possibly leads to health risks especially on children
from kindergartens (7, 12–14). Different methods have been
recommended by some countries to restrict EMF exposure
in younger children. In South Korea, they also embraced
the ICNIRP recommendations to limit the sensitivity of EMF
exposure, but still, public citizens and parents are not highly
concerned about the negative impacts of EMF exposure on
children. To restrict public exposure to power-frequency EMF,
scientific criteria have been established such that induced
currents are below those that occur naturally in the body (3, 5).
While the guidelines and reports cover different causes, they
do not explicitly cover possible health risks associated with
EMF exposure on a long-term basis. In our investigation, EMF
emission levels on selected kindergartens were found to be
significantly higher compared with those in other kindergartens
not located near UGTL, supported by the study conducted in
kindergartens to assess the RF-EMF emission levels (1). In certain
situations, if the EMF level is high around the kindergartens,
there might be some other electrical sources that may affect
the EMF value if there is no UGTL nearby. Our preliminary
findings have implications for the design of larger studies and
the improvement of EMF-related policies in South Korea and
other nations. Besides, EMF exposure effects on children are not
well-established, children’s susceptibility to EMF exposure should
be lowered, and safety precaution standards should be enforced.
Furthermore, potential hazards from EMF exposure should be
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TABLE 1 | EMF emission level in selected kindergartens.

Kindergarten Kindergarten with UGTL Kindergarten without

UGTL

Mean EMF level around kindergarten (mG) Mean EMF level from UGTL point to kindergarten (mG) Mean EMF value

around kindergarten

(mG)

1 11.2 13.9 0.3

2 6.2 4.7 0.1

3 5.1 8.5 0.2

4 13.5 17.7 0.5

5 7.3 5.2 0.2

6 7.1 5.9 0.2

7 4.9 9.2 0.2

8 4.2 7.1 0.8

9 5.2 11.1 0.4

10 6.2 11.3 0.5

11 5.6 11.1 0.2

12 4.9 4.3 0.3

Variable EMF emission level around kindergarten

B SE β t P

Constant 15.70 1.47 10.62 0.000

UGTL location −7.69 1.04 −0.78 −7.35 0.000

R2
= 0.61, adjusted R2

= 0.60, F = 54.09, P < 0.01.

EMF, electromagnetic field; UGTL, underground transmission line.

studied more accurately to develop appropriate public policy for
the protection of the children’s health.

CONCLUSION

This article provides the ideal concept for conducting the
personal EMF exposure assessment from UGTL among the
children for future EMF-related epidemiological studies. It is
not appropriate to ignore the fact that EMFs are potentially
carcinogenic to children. Proper installation solutions should be
implemented for the minimization of the EMF level around the
public sensitive areas with routine monitoring.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethical Review Board of Inje University, South
Korea. The patients/participants provided their written informed
consent to participate in this study.

AUTHOR CONTRIBUTIONS

SA interpreted the study information and wrote the manuscript.
YS and DM performed discussion and analysis. SP assisted in
literature discussion and analysis. All authors contributed to the
article and approved the submitted version.

ACKNOWLEDGMENTS

We would like to acknowledge the Graduate School of
Public Health, Busan Medical Campus, Inje University, for
their support.

REFERENCES

1. Bhatt CR, Redmayne M, Billah B, Abramson MJ, Benke G. Radiofrequency-

electromagnetic field exposures in kindergarten children. J Expo

Sci Environ Epidemiol. (2017) 27:497–504. doi: 10.1038/jes.20

16.55

2. Bolte JF, Eikelboom T. Personal radiofrequency electromagnetic field

measurements in the Netherlands: exposure level and variability for everyday

activities, times of day and types of area. Environ Int. (2012) 48:133–

42. doi: 10.1016/j.envint.2012.07.006

3. Gajsek P, Ravazzani P, Wiart J, Grellier J, Samaras T, Thuroczy G.

Electromagnetic field exposure assessment in Europe radiofrequency

fields (10 MHz-6 GHz). J Expo Sci Environ Epidemiol. (2015) 25:37–

44. doi: 10.1038/jes.2013.40

4. Urbinello D, Huss A, Beekhuizen J, Vermeulen R, Röösli M. Use of portable

exposure meters for comparing mobile phone base station radiation in

Frontiers in Pediatrics | www.frontiersin.org 3 July 2021 | Volume 9 | Article 694407

https://doi.org/10.1038/jes.2016.55
https://doi.org/10.1016/j.envint.2012.07.006
https://doi.org/10.1038/jes.2013.40
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Acharya et al. EMF Exposure to Kindergarten’s Children

different types of areas in the cities of Basel and Amsterdam. Sci Total Environ.

(2014) 468–9:1028–33. doi: 10.1016/j.scitotenv.2013.09.012

5. Moon JH. Health effects of electromagnetic fields on children. Clin Exp

Pediatr. (2020) 63:422–8. doi: 10.3345/cep.2019.01494

6. Draper G, Vincent T, Kroll ME, Swanson J. Childhood cancer in relation to

distance from high voltage power lines in England and Wales: a case-control

study. BMJ. (2005) 330:1290. doi: 10.1136/bmj.330.7503.1290

7. Kheifets L, Repacholi M, Saunders R, van Deventer. E. The

sensitivity of children to electromagnetic fields. Pediatrics. (2005)

116:e303–13. doi: 10.1542/peds.2004-2541

8. National Institute of Environmental Research. Environmental Health. (2019).

Available online at: https://www.nier.go.kr/NIER/eng/rf/nren-rf-0101.do?

menuNo=71001

9. World Health Organization (WHO). Electromagnetic Fields and Public

Health; Exposure to Extremely Low Frequency Fields. (2007). Available online

at: https://www.who.int/peh-emf/publications/facts/fs322/en

10. IARC Working Group on the Evaluation of Carcinogenic Risks to Humans.

Non-ionizing radiation, part 2: radiofrequency electromagnetic fields. IARC

Monogr Eval Carcinog Risks Hum. (2013) 102(Pt 2):1–460.

11. IARC Working Group on the Evaluation of Carcinogenic Risks to Humans.

Non-ionizing radiation, part 1: static and extremely low-frequency (ELF)

electric and magnetic fields. IARC Monogr Eval Carcinog Risks Hum.

(2002) 80:1–395.

12. Acharya SR, Moon DH, Shin YC. Assessment of VOCs, PM10,

and formaldehyde exposure in the hair salons of South Korea. J

Environ Health Sustain Dev. (2020) 5:1103–8. doi: 10.18502/jehsd.v5i4.

4958

13. Bhatt CR, Abramson MJ, Benke G. Wi-Fi radiation exposures to children in

kindergartens and schools - results should lessen parental concerns. Aust N Z

J Public Health. (2017) 41:647–8. doi: 10.1111/1753-6405.12706

14. Joseph W, Frei P, Roosli M, Thuroczy G, Gajsek P, Trcek T, et al.

Comparison of personal radio frequency electromagnetic field exposure

in different urban areas across Europe. Environ Res. (2010) 110:658–

63. doi: 10.1016/j.envres.2010.06.009

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2021 Acharya, Shin, Moon and Pahari. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Pediatrics | www.frontiersin.org 4 July 2021 | Volume 9 | Article 694407

https://doi.org/10.1016/j.scitotenv.2013.09.012
https://doi.org/10.3345/cep.2019.01494
https://doi.org/10.1136/bmj.330.7503.1290
https://doi.org/10.1542/peds.2004-2541
https://www.nier.go.kr/NIER/eng/rf/nren-rf-0101.do?menuNo=71001
https://www.nier.go.kr/NIER/eng/rf/nren-rf-0101.do?menuNo=71001
https://www.who.int/peh-emf/publications/facts/fs322/en
https://doi.org/10.18502/jehsd.v5i4.4958
https://doi.org/10.1111/1753-6405.12706
https://doi.org/10.1016/j.envres.2010.06.009
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	Electromagnetic Field Exposure in Kindergarten Children: Responsive Health Risk Concern
	Introduction
	Methods
	Results and Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	References


