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ABSTRACT

Kaur and Khan have published a simulation study demonstrating that a 5G device should 
cause only minimal temperature variations in the skin layer.  For this they use a 4 - layer 
skin model and the Pennes’ bioheat equation.  The comment points out some differences 
between the 4 layered model they used and those of the groups of Abdulhalim and Feldman, 
who also incorporated the presence of the human sweat duct in the model. Furthermore, 
the comment notes that theoretical work by Neufeld and Kuster that takes into account the 
disparity between the time constants for electromagnetic absorption and thermal perfusion 
will lead to significantly higher temperature spikes that those found by the authors.  Finally, 
new research by Gultekin and Siegel is noted that does indeed confirm temperature spikes in 
biological tissues for 5G frequencies.

Cite this article as: Ben Ishai P. Comment on “numerical analysis of heat transfer in 
multilayered skin tissue exposed to 5G mobile communication frequencies” by Jagbir Kaur 
and S.A. Khan. J Ther Eng 2023;9(1):257–259.

Journal of Thermal Engineering
Web page info: https://jten.yildiz.edu.tr 

DOI: 10.18186/thermal.1245331

Short Communication

Comment on “numerical analysis of heat transfer in multilayered skin 
tissue exposed to 5G mobile communication frequencies” by Jagbir 

Kaur and S.A. Khan

Paul BEN ISHAI*1

1Department of Physics, Ariel University, Ariel, 4076414, Israel

ARTICLE INFO

Article history
Received: 21 April 2021
Accepted: 31 May 2021

Keywords:
5G; Human Skin Models; 
EM Simulation

*Corresponding author.
*E-mail address: paulbi@ariel.ac.il

This paper was recommended for publication in revised form by Regional Editor 
Mustafa Kilic

Published by Yıldız Technical University Press, İstanbul, Turkey
Copyright 2021, Yıldız Technical University. This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

COMMENT

The paper [1] by Kaur and Khan addresses the thorny 
question of how much heat will be generated in the skin as 
a result of absorption of electromagnetic radiation arising 
from transmissions by a nearby 5G enabled device. Their 
skin model is a simplistic 4 layer model with dielectric 
parameters drawn from Ney and Abdulhalim [2].  Using 
Comsol and the Pennes bioheat equation they calculate the 
expected temperature rise in the skin.  The SAR value is 
also calculated by the excepted equation, , where σ is the 

conductivity of the layer, ρ is the mass density and E is the 
electric field.  The frequencies addressed in this paper are 
28 GHz, 38 GHz and 60 GHz, relevant for the upcoming 
5G and 6G standards. While there is little to criticize in the 
methodology of the paper, it does raise some points to be 
considered.

One notices that the authors reference the model of 
Ney and Abdulhalim as the source of dielectric param-
eters for the skin layers (table 1 of their manuscript) and 
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while they are broadly comparable there is one glaring dif-
ference. The model of Ney and Abdulhalim also consid-
ers the presence of the human sweat duct as an integral 
component of the layer and something that is electromag-
netically relevant.   In this Ney and Abdulhalim follow an 
earlier model proposed by Feldman et al. [3, 4] that also 
considers the implication of the sweat duct.  Furthermore 
both of these authors felt that it has a major contribution in 
terms of ac conductivity, due to the presence of heightened 
proton hoping in the region of the lipid/water boundary 
in the water filled interior of the duct [2, 3]. As the den-
sity of such ducts can be between 300-600 per cm2 [5], one 
must assume that their effect on the absorption cannot be 
ignored.  In fact Betzalel et al. [6] demonstrate at least a 
factor of 2 increase due to the presence of the sweat duct in 
the frequency region of interest. One feels that the authors 
have overlooked an important element of the skin, render-
ing their simulation limited.

Accepting the limitations of the simulation as they 
stand, one notes that the authors predict a minimum local 
SAR value of 43 W/kg and a maximum value of more than 
700 W/kg.  While it is to be understood that these values 
are not averaged over 6 minutes , as demanded by the safety 
definition of ICNIRP [7] and the FCC [8],  they still rep-
resent values far in excess of 1.6 W/kg as considered safe 
by those same safety definitions.  One notes that these val-
ues are similar to those derived by Alekseev et al. [9]. As 
the ICNIRP limit is considered to be the “safe” limit in this 
frequency range, the authors should question these results 
too.

Coming back to the simulation it must be pointed out 
that the solutions to the Pennes’ bioheat equation are a 
quasi-static solutions with the external heat source, Qext , 
a function of frequency but constant in time.  This condi-
tion does not reflect the reality of 5G transmissions, where 
the signal is pulsed.  Other authors have considered this 
condition, in particular Neufeld and Kuster [10].  They 
demonstrate that the disparity between the time constants 
for electromagnetic absorption, less than 1 ns for water in 
the skin [4], and heat perfusion (500 seconds according to  
[10]) in the skin, causes non-negligible temperature spikes 
in the skin layer.  This leads them to call for a reassessment 
of the ICNIRP and, consequently, FCC standards for 5G.

As a final point, one draws the Author’s attention to a 
recent article by Gultekin and Siegel [12]. In this work they 
directly measured the temperature increases in recently 
culled calf brains arising from transmissions up to 38 GHz 
with power densities equivalent of most modern 5G devices 
(1 mW- 2000 mW).  The temperature measurements were 
made for both continuous wave and pulsed signals.  Pulsed 
signals at low power densities produced temperature spikes 
of 10 °C.  Due to differing water contents one would expect 
less for skin (although the dermal layer can approach 
75 % water content [13], similar to that in calf brains).  
Consequently, one questions the Authors’ assertion that 

“The results indicate that the mmWs cannot cause thermal 
injuries in skin and may be considered safe for 5G mobile 
communications”.  It is patently not correct.

DATA AVAILABILITY STATEMENT

The authors confirm that the data that supports the 
findings of this study are available within the article. Raw 
data that support the finding of this study are available from 
the corresponding author, upon reasonable request.

CONFLICT OF INTEREST

The author declared no potential conflicts of interest 
with respect to the research, authorship, and/or publication 
of this article.

ETHICS

There are no ethical issues with the publication of this 
manuscript.

REFERENCES

[1] Kaur J, Khan SA. Numerical analysis of heat trans-
fer ın multilayered skin tissue exposed to 5G mobile
communication frequencies. J Ther Eng 2021;2:103–
116. [CrossRef]

[2] Ney M,  Abdulhalim I. Modeling of reflectometric
and ellipsometric spectra from the skin in the tera-
hertz and submillimeter waves region. J Biomed Opt 
2011;16:067006. [CrossRef]

[3] Feldman Y, Puzenko A, Ben Ishai P, Caduff A,
Agranat AJ. Human skin as arrays of helical anten-
nas in the millimeter and submillimeter wave range.
Phys Rev Lett 2008;100:128102. [CrossRef]

[4] Feldman Y, Puzenko A, Ben Ishai P, Caduff A,
Davidovich I, Sakran F, et al. The electromagnetic
response of human skin in the millimetre and sub-
millimetre wave range. Phys Med Biol 2009;54:3341–
3363. [CrossRef]

[5] Tripathi SR, Miyata E, Ben Ishai P, Kawase K.
Morphology of human sweat ducts observed by
optical coherence tomography and their frequency
of resonance in the terahertz frequency region. Sci
Rep 2015;5:9071. [CrossRef]

[6] Betzalel N, Ben Ishai P, Feldman Y. The human skin
as a sub-THz receiver – Does 5G pose a danger to it
or not? Environ Res 2018;163:208–216. [CrossRef]

  [7] International Commission on Non-ionizing
Radiation Protectıon. Principles for Non-Ionizing
Radiation Protection. Health Physics 2020;118:477–
482. [CrossRef]

[8] FCC maintains current RF exposure safety stan-
dards. Available at: https://www.fcc.gov/document/

https://www.fcc.gov/document/fcc-maintains-current-rf-exposure-safety-standards%20Accessed%20on%20Dec%2012
https://doi.org/10.18186/thermal.869237
https://doi.org/10.1117/1.3592779
https://doi.org/10.1103/PhysRevLett.100.128102
https://doi.org/10.1088/0031-9155/54/11/005
https://doi.org/10.1038/srep09071
https://doi.org/10.1016/j.envres.2018.01.032
https://doi.org/10.1097/HP.0000000000001252


J Ther Eng, Vol. 9, No. 1, pp. 257–259, January 2023 259

fcc-maintains-current-rf-exposure-safety-standards 
Accessed on Dec 12, 2022.

  [9]	 Alekseev SI, Radzievsky AA, Logani MK, Ziskin 
MC. Millimeter wave dosimetry of human skin. 
Bioelectromagnetics 2008;29:65–70. [CrossRef]

[10]	 Neufeld E, Kuster N. Systematic derivation of safety 
limits for time-varying 5G radiofrequency expo-
sure based on analytical models and thermal dose. 
Health Phys 2018;115:705–711. [CrossRef]

[11]	 Foster KR, Ziskin MC, Balzano Q. Thermal response 
of human skin to microwave energy: A critical 
review. Health Phys 2016;111:528–541. [CrossRef]

[12]	 Gultekin DH, Siegel PH. Absorption of 5G radia-
tion in brain tissue as a function of frequency, 
power and time. IEEE Access 2020;8:115593–
115612. [CrossRef]

[13]	 Betzalel N, Ben Ishai P, Einav S, Feldman Y. The AC 
conductivity of human sweat ducts as the dominant 
factor in the sub-THz reflection coefficient of skin. J 
Biophotonics 2021;14:e202100027.

https://www.fcc.gov/document/fcc-maintains-current-rf-exposure-safety-standards%20Accessed%20on%20Dec%2012
https://www.fcc.gov/document/fcc-maintains-current-rf-exposure-safety-standards%20Accessed%20on%20Dec%2012
https://doi.org/10.1002/bem.20363
https://doi.org/10.1097/HP.0000000000000930
https://doi.org/10.1097/HP.0000000000000571
https://doi.org/10.1109/ACCESS.2020.3002183



