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Figure 8. Cell types — RF induced DNA breaks assessment

effects. This evidence can be used to support
claims of increased risk for rare brain tumours,
testicular cancer and infertility found in
epidemiological studies. Blood on the other hand
has quite mixed results. It is only on close
inspection of the data that one finds study
methodology may have an important role to play
in influencing outcomes. Single short exposures
from signal generators are less likely to show
genetic damage when compared with multiple
exposures from real devices/wireless infrastructure
over a longer exposure duration.

Some studies do show cell types having
sensitivity for RF genotoxicity, such as embryos,
eyes, liver and kidney cells, however, the number
of experiments investigating these particular cell
types are quite low, so drawing conclusions is
problematic. What is clear from the summary
results is that cancer cells and cell lines appear to
be more resistant to genotoxic effects from RF
exposure. Cell lines are often used because they
do not require ethical considerations, whereas
ethical clearance is required for usage of primary
cells. Cell lines are also cheap and easy to use
[28]. However, cell lines are genetically
manipulated so their function and responsiveness
can change. Therefore, they may not adequately

20

represent the primary cell they were originally
derived from. Cell lines may not be as sensitive as
primary cultures and because they are immortal
(proliferate indefinitely), they intrinsically are
different from primary cells. The heritage of cell
lines cannot always be determined and may
change genotypically and phenotypically with
each serial passage they undertake [28]. Prior
exposures to RF/other agents or cell contamination
could also affect cell behaviour (i.e., radio-
resistance).

Species - RF induced DNA breaks
assessment

All species are affected to varying degrees.
Some species such as mice and humans appear to
have very mixed results. However, the conflicting
findings require further exploration and much like
cell type responses, the applied study methodology
may be a deciding factor. Factors that influence
outcomes include specific cell type exposed,
source of signal, and duration and number of
exposures. What is also very apparent, from Figure
9 is that industry funded studies typically involve
research on humans and mice, which is further
discussed under funding influence below.
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Figure 9. Species - RF induced DNA breaks assessment

Funding effects and experimental 2. Institutionally with partners
outcomes

Fi 11 sh th t f
1. Industry funded with partners ‘gure Shows ¢ ~outcomes for

institutionally (university) funded studies with

Figure 10 below covers industry funded
research along with partners, which can include
government/military,  public  trusts, private
foundations and institutions. Industry and partners
funded research tend not to conduct long-term
studies, epidemiological studies, and multiple
exposures, instead there is a preference for using
simulated signals rather than real world signals.
Figure 10 shows the relatively low presence of
“Effect” outcomes compared with “No Effect”
outcomes.
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their partners. The difference between outcomes
shown in Figure 10 and 11 it is quite obvious with
experiments funded by institutions has "Effect"
studies dominating the outcomes, in contrast with
“No effect” studies dominating industry funded
results.
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Figure 10. Experimental attributes of Industry funded experimental studies
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Figure 11. Institutionally with partners

Each funding source is the primary filter that that a proportion of the "No Effect" studies
is applied to the data in each instance. What observed in the other funding groups is partly due
becomes quite clear via the colour codes, green to industry being a funding partner.
being "No Effect", yellow being "Trend" and red
being "Significant Effect" is that industry funded 3. Government funded research (excluding
research is predominantly finding no effect  military and communication agency
(green) Wh.l Ch. 15 quite c.hssumlar © other funding fungilgﬁr)e 12 shows that "Effect” studies dominate
sources findings which are dominated by

. . . the overall outcomes.
significant effects (red). It is also worth noting
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Figure 12. Outcomes for government funded research (excluding military and communication agency
funding)
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Summary of funding outcomes for
experimental research

What is noticeable is the ratio of “No Effect"
and "Trend Effect" studies for each attribute is
very similar across each funding group. Are
industry under-reporting significant effects, or is
something else happening here?

It was suggested by an attendee at the March
2022 ARPS conference that industry studies have
a lot more money available to them and therefore
allows them to conduct studies of a high quality.
However, this claim remains unconfirmed without
a peer reviewed publication to verify this
statement. What has been previously demonstrated
with Tobacco science is that industry undertakes
actions designed to protect its revenue and
products, including paying scientists to write
papers to support the industry position and to
generate uncertainty [29]. This is also occurring
with  the telecommunications industry as
evidenced by Motorola stating in a memo it is war
gaming the science [30].

Result summary - Industry focussed
experiments

Industry focuses on in vitro studies, which are
cheaper, while tending to avoid in vivo and
epidemiological studies. The majority of their
studies are conducted with an exposure duration
set in a narrow window of 1 to 24 hours, which in
this paper have been classified as “short”
exposures. This is where adaptive responses are
likely to be effective. When it comes to intensity
of the exposures, industry funded studies focus on
the higher intensities between medium (public
limits) and higher. DNA damage is occurring at
non-thermal levels, so higher intensity may not
help find these effects if the underlying
mechanism is non-thermal. The exposure regime
employed by industry is dominated by continuous
exposures with few intermittent patterns applied
and no variable exposures. This is because
industry funded researchers only use signal
generators and not real wireless devices. The
exposure type is mostly limited to a single short
duration exposure, and cell types used are
dominated by cell lines which are not as sensitive
to RF radiation.
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In summary:

A typical industry funded study is an in vitro
study that exposes a cell line to a single short
exposure from a signal generator at a
moderately high intensity in a continuous
manner.

Studies that show genotoxicity are typically
in vivo studies (or in vitro), exposing a
primary cell or animal or plant to a variable
signal from a real-world wireless device, at a
low to moderate intensity. This is for an
extended period of time (total accumulated
exposure) with multiple exposures.

The first scenario (industry study) is designed
to support current international guidelines to
protect people from thermal-based health
effects from acute exposures, while the
second scenario is more reflective of real-life
usage and exposure scenarios.

Note that when it comes to exposure intensity,
a mobile phone would typically fit in the medium
category. ICNIRP public limits are equivalent to
the upper boundary of medium level exposure and
lower. ICNIRP occupational limits sit between
Medium and Very High exposures. Extremely
High exposures are above occupational limits and
can include levels where thermal injury can occur.

Mechanism for genetic damage

A plausible mechanism for radiofrequency
exposure to lead to genetic damage is via the
generation of free radicals which can create a
cellular oxidative stress state in the organism.
Many RF exposure experiments investigating
oxidative stress find that radiofrequencies can
change redox status by increasing free radical
production [31]. Experiments demonstrate this
directly by using probes, measuring enzyme levels
and activity associated with free radical removal
(antioxidant  enzymes catalase, glutathione
peroxidase, superoxide dismutase), measuring
glutathione levels or measuring evidence of direct
damage such as DNA base damage (8-oxoG, 8-
OHdG etc.), lipid peroxidization
(Malondialdehyde levels) and protein carbonyls.

A number of RF genotoxicity studies that were
reviewed investigated whether there were



increased free radicals and evidence of oxidative
stress. Some of the studies also investigated DNA
base damage. As can be seen on the bar chart in
Figure 13, the clear majority of the papers did find
evidence of increased free radical production/
damage.

The ODEB database [17] contains a large
collection of peer reviewed papers investigating
RF exposures and oxidative stress. Figure 14
shows a recent search (April 2022) of the ODEB
database, which found 90%, or 297 papers out of
330, showing  radiofrequency  exposures
associated with increased free radicals.

Current view of WHO, ICNIRP and
ARPANSA illustrated in misleading
statements

Some misleading statements are as follows:

From WHO/IARC: “Non-ionizing radiation
is a general term for that part of the
electromagnetic spectrum which has photon
energies too weak to break chemical
bonds” [32].

This statement is misleading, as UV (A/B)
radiation is also non-ionising, damages DNA and
is a recognised Group 1 carcinogen. Both RF and
UV generate free radicals. Free radicals are
known to be capable of damaging DNA as
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Figure 14. Free radicals can damage DNA
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evidenced in 8-0xoG and 8-OHdG assays.

e From WHO/IARC: "Despite considerable
research efforts, no mechanism relevant for
carcinogenesis of radiofrequency
electromagnetic fields has been consistently
identified to date" [33].

This is incorrect — free radical production
provides a plausible mechanism, with 90% of
papers showing RF exposures generating
increased levels of free radicals, which can
damage DNA. Accumulated DNA damage is a
recognised pathway for carcinogenesis.

e From WHO/IARC: “Most of the
epidemiological research does not indicate

carcinogenicity of radiofrequency
electromagnetic fields” [33].
This statement is challenged by

epidemiological evidence for brain tumours which
shows an association [10, 12], being the principal
reason for the IARC classifying RF as a Group 2B
carcinogen in May 2011. Animal evidence was
seen to be limited at the time; however, clear
evidence has since been found [5, 7, 8] reinforcing
the need to revisit the original IARC classification.
What is most surprising is the most recent World
Cancer Report 2020 [33] from TARC made no
reference to these important and recent animal
studies when discussing RF carcinogenicity. Of
interest, one of the contributing authors of this
particular section of the World Cancer Report is an
ICNIRP member. ICNIRP’s position on the
carcinogenic potential of RF exposure is to say the
least, controversial, as seen by its manoeuvring to
downplay the NTP findings (6).

Closing Statements

The original abstract associated with this work
captures much more detail than what was
presented at the ARPS conference 2021. The
allotted time of 20 minutes for the presentation
was a limiting factor, and did not allow for deeper
exploration of the data that have been analysed. A
future review paper will be published in a peer-
reviewed scientific journal that will give further
insight into this very important topic.
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