Health Matters

5G Communication Technology and Coronavirus Disease

M James C. Lin

reports coming out of the United

Kingdom about 5G cellular com-
munication towers being set on fire—
allegedly linking the coronavirus
(COVID-19) pandemic to the rollout of
5G communication technology [1]. It
sounds rather bizarre; even as a con-
spiracy theory, it did not make sense!

While both 5G and COVID-19 are
global phenomena happening at
around the same time, it boggles the
mind how the two became entangled.
However, on second thought, it is
not as shocking as it might seem upon
first encounter.

By now (as I write this in early May
2020), COVID-19 has been established
as a global pandemic, with rapidly
increasing case counts and fatalities
worldwide [2]. For quite some time
now, the impacts of computer ”
ruses” on the operation of commerce,
corporations, and governments—
and on the ordinary lives of private
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citizens—have
been widely pub-
licized and rec-
ognized. They
have been slowly
ingrained into the
public conscious-
ness as an unde-
sirable hi-tech
affliction still in
search of an effec-
tive remedy.

Moreover, for
a couple of years,
if not longer, vari-
ous groups have
been broadcast-
ing and escalat-
ing politicized or
overblown con-
cerns about 5G security threats and
challenges. Aside from the range of
sociotechnical issues surrounding
the 5G cellular mobile network and
associated technology, the palpable
politicization of 5G has caused bewil-
derment in its deployment. It has cer-
tainly impacted the pace with which
investment decisions are being made:
namely, to engage 5G as a hare or as
a tortoise.
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\ Forapublic that
is already jittery
about computer
viruses and 5G
wireless cellular
technology, the ad-
vent of COVID-19,
a complex and de-
vastating global
pandemic, per-
haps conjures up
horror in some
people’s minds
of being attacked
by pandemic vi-
ruses or malevo-
lent cells—even
the type associ-
ated with 5G cell
phones. The script
is not neoteric. Scapegoating during cri-
ses has been a convenient cultural norm
for no less than 2,000 years.

The fact is that there is no link be-
tween the COVID-19 virus and 5G cell
phone technology or 5G base-station
communication towers. These are to-
tally different constructs; they are not
even close. None of the conspiracy the-
ories that try to link 5G and the coro-
navirus make any sense scientifically.
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The electromagnetic radiation from
5G devices and systems is not carry-
ing the COVID-19 virus or any other
microbe that humans can come into
contact with or that infects anyone.

Proponents of 5G mobile tech-
nology hail 5G as a faster and more
secure technology than its predeces-
sors, 3G and 4G systems, which can
be vulnerable to pernicious practices
such as real-time location tracking and
surveillance. But there are 5G security
concerns as well, and such concerns
can be somewhat more complicated.
A central vulnerability or key threat is
that 5G may allow spying on users—
which is not new either. Nevertheless,
this is a system architecture and tech-
nology or regulatory issue, not a bio-
logical or health-effect matter.

5G cellular mobile is a telecommu-
nication technology that is multifac-
eted in frequency engagement and
varied in operational scope and perfor-
mance. It includes an extremely wide
range of multiple RF bands. Its fre-
quency coverage may be roughly sepa-
rated into two ranges: the sub-6-GHz
bands and 24-60-GHz frequencies
that reach well into the millimeter-
wave (mm-wave) region. The frequency
ranges have often been further di-
vided into low-band, midband, and
high-band 5G. Low-band 5G begins at
about 400 MHz and often uses existing
or previous 3G or 4G frequencies or
newly opened frequencies to operate;
these latter for example, may overlap
with the current 4G band. Midband
5G includes the frequencies around
3 and 4 GHz. However, the primary 5G
technological advances are associated
with high-band 5G, promising perfor-
mance bandwidth as high as 20 GHz
and multiple input, multiple output
using 64 to 256 antennas at short dis-
tances and offering performance up to
10 times that of current 4G networks.

From the perspective of frequency
allocation, 5G encompasses an enor-
mous range from 3 to 60 GHz and be-
yond, in one giant skip from 4G. Even
with current technological advances,
the demand and performance chal-
lenges clearly vary immensely from
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the low to high bands. The anticipated
performance bandwidth of 20 GHz ob-
viously is not viable or supportable at
low band. By design default or spec-
trum necessity, the bandwidth perfor-
mance will be accomplished only by
leapfrogging to the high-band 5G. For
biological matters, it is not obvious
whether the biological responses to
high-band 5G radiation will be akin
to earlier generations or low-band
5G radiations, given the distinctive
characteristics of mm-wave and its in-
teraction with the complex structure
and composition of pertinent biologi-
cal tissues.

In 2011, the World Health Organi-
zation’s International Agency for
Research on Cancer (IARC) classified
exposure to RF radiation as a possible
carcinogen to humans. The IARC had
evaluated then-available scientific
studies and concluded that, while evi-
dence was incomplete and limited, es-
pecially regarding results from animal
experiments, epidemiological studies
of humans reported that increased
risks for gliomas (a type of malignant
brain cancer) and acoustic neuromas
(or acoustic schwannomas—a non-
malignant tumor of Schwann-cell-
sheathed auditory nerves on the side of
the brain) among heavy or long-term
users of cellular mobile telephones
are sufficiently high to support a clas-
sification of being possibly cancer-
causing in humans for exposure to RF
radiation [3], [4].

The classification of RF radiation
as possibly carcinogenic to humans is
third on the IARC groupings of carci-
nogenic risk to humans. The highest
category is Group 1, which is reserved
for agents that are found to be carci-
nogenic to humans. It is followed by
Group 2A: probably carcinogenic to
humans; 2B: possibly carcinogenic to
humans; then Group 3: not classifiable
as to its carcinogenicity to humans;
and lastly, Group 4: probably not car-
cinogenic to humans.

Recently, the National Toxicology
Program (NTP) of the U.S. National
Institute of Environmental Health
Science (NIEHS) reported observations

of two types of cancers in laboratory
rats exposed to lifelong RF radiation
used for 2G and 3G wireless cellular
mobile telephone operations [5]. This
is the largest health effect study ever
undertaken by the NIEHS/NTP. It con-
cluded, among other observations, that
there was statistically significant and
“clear evidence” that RF radiation had
led to the development of malignant
schwannoma (a rare form of tumor) in
the hearts of male rats. Further, there
was “equivocal evidence” for the same
schwannoma risk among female rats.
NTP also noted that there were un-
usual patterns of cardiomyopathy, or
damage to heart tissue, in RF-exposed
male and female rats when compared
with concurrent control animals. In
addition, based on statistical signifi-
cance, the pathology findings showed
indications of “some evidence” for RF-
dependent carcinogenic activity in the
brains of male rats, specifically glio-
ma. However, the findings for female
rats were deemed as providing only
“equivocal evidence” for malignant
gliomas when compared with concur-
rent controls. Note that the NTP uses
five categories of evidence for carcino-
genic activity to classify the strength
observed in their reports: “clear evi-
dence” and “some evidence” for posi-
tive findings, “equivocal evidence”
for uncertain results, “no evidence”
for no observable effects, and “inad-
equate study” for results that cannot
be evaluated because of major exper-
imental flaws.

Shortly after the NTP report, the
Cesare Maltoni Cancer Research Center
at the Ramazzini Institute in Bologna,
Italy, published the final results from
its comprehensive study on carcino-
genicity in rats exposed (either life-
long or prenatal until death) to 2G/3G,
1,800-MHz RF radiation [6]. The study
involved whole-body exposure of
male and female rats under plane-
wave equivalent or far-zone exposure
conditions. The authors estimated
that the whole-body specific absorp-
tion rates were roughly 0.001, 0.03,
and 0.1-W/kg during exposures of
19 h/day for approximately two years.
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A statistically significant increase in
the rate of schwannomas in the hearts
of male rats was detected for the high-
est RF exposure. Furthermore, an in-
crease in the rate of heart Schwann
cell hyperplasia was observed in
male and female rats at the highest
RF exposure, although this was not
statistically significant. An increase
in the rate of gliomas was observed
in exposed female rats at the high-
est exposure level, but it was not
deemed statistically significant. It is
important to note that the recent NTP
and Ramazzini RF exposure studies
presented similar findings in terms
of heart schwannomas and brain
gliomas. Thus, two relatively well-
conducted RF exposure studies em-
ploying the same strain of rats showed
consistent results in significantly in-
creased cancer risks. More recently,
an advisory group for the IARC has
recommended including reevaluation
of the carcinogenicity of human expo-
sure to RF radiation, with high prior-
ity, in their monograph series [7].

As mentioned previously, the 5G
frequency domain is divided into low,
mid, and high bands. The operating
frequencies at low and mid bands can
overlap with the current 4G band at
6 GHz or below. Thus, the biological
effects of RF radiation at these lower-
frequency bands are likely to be com-
parable to 2, 3, or 4G. However, the
scenarios of high-band 5G—especially
for 24-60 GHz in the mm-wave region
for high-capacity, short-range wireless
data communications—are relatively
recent arrivals and pose considerable
challenge to health risk assessment.
There is a paucity of data on permit-
tivity and coupling, such as reflection,
transmission, and induced energy de-
position, in biological tissues in the
mm-wave frequency band.

In principle, at mm-wave frequen-
cies, the induced fields and energy
deposition in biological media can be
determined in much the same man-
ner as for RF if the permittivity of the
relevant biological tissues at these
frequencies is known. In addition to
some early extrapolations based on
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Debye formulas and using complex
dielectric permittivity of the skin at
lower frequencies, a few actual mea-
surements for skin within the mm-
wave range are available for humans
[8] and rodents [9]. Note that skin tis-
sue is not homogeneous but consists
of multiple layers of stratum corneum,
epidermis, and dermis. Moreover, it
is differentiated according to body
location; for example, the skin of the
forearm has a thin stratum corneum,
while the skin of the palm has a thick
stratum corneum.

It has been shown that the mm-
wave permittivity of different skin
layers may be described by the Debye
equation with a single relaxation time
[10]. Measured data for human skin in
the frequency range of 37 to 74 GHz
showed that the measured results
tend to be lower compared to earlier
extrapolations. More importantly, at
mm-wave frequencies, the permittiv-
ity of skin is governed by cutaneous-
free water content. Thus, available
information for 30-90 GHz indicates
that the behavior of relative permit-
tivity follows that of the lower RF
frequencies. Specifically, the real and
imaginary parts of permittivity for
skin decrease from 20 to six and 20 to
12, respectively.

The power reflection coefficients
for frequencies from 37 to 74 GHz
decrease from 60 to 45% and from 40
to 20% for skin on the forearm and
palm, respectively. Power transmis-
sion coefficients for skin on the fore-
arm showed an increase from 55 to
65%, respectively, between 30 and
90 GHz. It is noteworthy that the thick
stratum corneum in the palm causes
an increase in transmission because
of the layer-matching phenomenon
at higher mm-wave frequencies. The
penetration depth of a plane wave
field decreases from 0.8 to 0.4 mm
and from 1.2 to 0.7 mm for skin on the
forearm and palm, respectively, be-
tween 30 and 90 GHz. Induced energy
deposition increases with mm-wave
frequency. However, at the highest fre-
quencies, the energy deposition in the
deeper regions inside the skin is lower

because of the reduced penetration
depth at these frequencies [11].

Studies on mm-wave interactions
aimed at both biological effects and
medical applications began nearly
50 years ago, most notably in the for-
mer Soviet Union. A comprehensive
review of research from the former
Soviet Union on biological effects of
mm-wave showed that, at intensities
of 100 W/m? or fewer, mm-waves can
affect cell growth and proliferation,
enzyme activity, genetic status, func-
tion of excitable membranes, periph-
eral receptors, and other biological
systems [12].

A recently published review [13]
included 45 in vivo studies conducted
using laboratory animals and other
biological preparations and 53 in vitro
studies involving primary cells and
cultured cell lines. The review was
based on published data from scien-
tific papers written in English avail-
able through the end of 2018 using
6-100 GHz as the RF source. However,
because fewer studies were reported
at 30 GHz or below and at frequencies
higher than 90 GHz, the review mainly
covered published studies conducted
in the mm-wave frequency range from
about 30 to 65 GHz.

This industry-supported review
noted that, aside from the wide fre-
quency ranges, the studies were di-
verse both in subjects and in the end
points investigated. Biological effects
were observed to occur both in vivo
and in vitro for different biological
endpoints studied. Indeed, the per-
centage of positive responses at non-
thermal levels in most frequency
groups was as high as 70%. (Higher
mm-wave intensities, up to 200 W/ m?,
did not seem to cause any greater
responses.) For example, in the 53 in
vitro studies involving primary cells
(n = 24) or cell lines (n = 29), ap-
proximately 70% of the primary cell
studies and 40% of the cell line in-
vestigations showed effects that
were related to mm-wave exposure.
However, the protocol applied for
control of biological target or cul-
ture medium temperature during
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mm-wave exposure was unclear in a
large fraction of these studies.

While many of these investiga-
tions with mm-wave exposures re-
ported biological responses, there is
inconsistency in the dependence of
biological effects and mm-wave in-
tensity used for exposure. Also, the
reported in vitro and in vivo labo-
ratory investigations are modest in
number and diverse in subject mat-
ter, considering the wide 5G/mm-
wave frequency domain. The jury on
the biological effect or health impact
is still out on 5G. Moreover, there is a
lack of ongoing controlled laboratory
investigations. Simply put, the exist-
ing scientific data are too limited for
any reliable assessment or conclusion
with certainty.
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