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Abstract

Mobile phone modulation technologies like LTE, UMTS and GSM are now fully established. Among
these, mobile phones have been considered to emit only a radiation with low intensities when they are
actively working and are placed near to the head. However, the safety aspects are not cleared evaluated.
To address this topic, we have already investigated the cellular effects of DECT base radiation and its
compensation by multiple compartment cavity resonance devices (RD). Prompted by this background,
this study compares the efficacy of a second-generation RD with an optimized design in comparison to
the first-generation RD used in previous studies. Connective tissue fibroblasts (cell line L-929) were
exposed to the radiation of an actively transmitting commercially available mobile phone with 1.25
W/m?2 at the level of the cells with and without the two different RD directed crosswise towards the cell
layer during mobile phone irradiation. Unexposed cells in a similar incubator served as corresponding
controls. The resulting cell vitality was checked by measurement of the enzymatic activity of mito-
chondrial dehydrogenases by the color change of the sodium salt 2,3-bis[2-methoxy-4-ni-
tro-5-sulfo-pheny]-2H-tetrazolium-5-carboxyanilide (XTT). The results clearly demonstrate that
exposure to mobile phone radiation caused a significantly reduced cell vitality by more than 50 % for
non-thermal radiation with an intensity of 1.25 W/m2 at the level of the cells. The decreased cell vitali-
ty after mobile phone radiation exposure could be largely compensated by use of two crossed RD
directed towards the cells. However, the newly designed RD construction was even more effective
(reduction of cell vitality by 13.01 £ 1.86 %; mean value + standard deviation) than the standard RD
(reduction of cell vitality by 20.17 4+ 2.16 %; mean value + standard deviation) which has been already
used successfully to compensate digitally enhanced cordless telecommunication (DECT) phone base

station radiation.
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Introduction

Mobile phones due to their modulation transmission
standards such as (LTE, UMTS, GSM), digitally enhanced
cordless telecommunication (DECT) phones, routers and
others belong to a group of wireless telecommunication
sources which have caused a dramatic increase in environ-
mental levels of electromagnetic radiation [1,2]. All these
sources emit radiation with different characteristics in a
wide spectrum of frequencies ranging from 0.9 to > 5

GHz. Although the energy of this type of radiation is quite
weak, recent research studies have provided strong
evidence that electromagnetic radiation influences human
wellbeing and health by affecting biological and
biochemical processes [3-9]. Due to its world-wide
importance with more than 5 billion users [10], the
technology has been extensively investigated for ist
health effects at the cellular, experimental animal, and
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epidemiological level. Epidemiological and experimental
research on radiation device exposure which might be
also potentially harmful to millions of people has become
very extended and includes more than 1,670 peer-re-
viewed papers about electromagnetic fields published in
scientific journals from 1979 through 2018 [11]. More-
over, the use of 5G will substantially increase the expo-
sure to radiofrequency electromagnetic fields on top of
the 2G, 3G, 4G, Wi-Fi, etc. for telecommunications
already in place [12].

The objective of the present study was to investigate
whether the newly constructed resonance devices (nRD)
might be even more effective in neutralizing mobile
phone radiation than the standard resonance devices
(sRD) already presented recently [13].

Materials and Methods
Cell culture and experimental design

In the present study, cultured connective tissue fibro-
blasts (cell line L-929; Leibniz-Institut, Deutsche Sam-
mlung fiir Mikroorganismen und Zellkulturen, Braunsch-
weig, Germany) as a standard cell line for toxicological
studies were taken at passages 62 to 80 over a total experi-
mental period of approximately 3 months. Cells were
routinely cultivated in the moist atmosphere of an incuba-
tor at 37 °C and gassed with 5 % CO2 and 95 % air to
yield a constant pH value of 7.4. Culture medium was
RPMI 1640 with 10 % growth mixture and standard
amounts of gentamycin. All cell culture reagents were
from Capricorn Scientific, 35085 Ebsdorfergrund,
Germany.

For the tests, cells were seeded from 80 to 90 %
confluent mass cultures at a density of 20,000 cells/well
into 24 wells in the middle part of a 96 well-plate. After
24 hours to ensure cell attachment and metabolization,
culture medium was exchanged to Leibowitz L-15
medium containing 10 % growth mixture and standard
amounts of gentamycin. This culture medium guarantees
apH value at 7.4 at normal atmospheric conditions. Plates
were transferred to an external mini incubator and culti-
vated further at 37 + 1 °C without CO2 gassing. A com-
mercially available and actively transmitting 1800 MHz
mobile phone at continuous operation mode was used to
conduct the exposure conditions. Radiation intensities
were measured at the level of the cells at the same condi-
tions used for the assays with an Aaronia Spectran
HF-4060 equipped with a calibrated area antenna of 1
cm2. An intensity of 1.8 W/m2 was measured for the
actively transmitting mobile phone at the level of the cells
without an corrugated cardboard and 1.25 W/m2 when the
same corrugated cardboard as used for previous cell
experiments [13,14] was placed between the mobile
phone and the cells in order to avoid any thermal influ-
ence by microwave radiation. Thus, when the corrugated
cardboard was used, a value of 37.5 to 38 °C at the cover
lid of the multiwell plates was measured. So we conclud-
ed that our experimental design omitted local thermal

effects. The temperature in the incubator was kept
constant at 37 + 1 °C. All tests were conducted with unex-
posed control cells at the same cultivation conditions, but
approximately 5 meters distant from the active mobile
phone. Cell vitality was checked by morphological obser-
vation of the cell cultures and by enzymatic activity. For
the second method, cell culture medium was removed and
replaced by fresh culture medium containing 10 % of
2,3-bis[2-methoxy-4-nitro-5-sulfo-pheny]-2H-tetrazoli-
um-5-carboxyanilide (XTT;, Xenometrix AG, Allschwil,
Switzerland) and incubated for 120 minutes in the incuba-
tor at 37 °C. Yellowish XTT is cleaved to an orange
formazan by a complex cellular mechanism which occurs
in viable cells only, and is related to NAD(P)H production
by glycolysis. Therefore, the amount of formazan dye
formed directly correlates to the number of metabolically
active cells in the culture [15,16].

After 120 minutes, the optical density was measured
as a differential measurement AOD = 450 — 690 nm after
a 4 second shaking interval using an ELISA reader
(BioTek SIx808 with software Gen5 version 3.0; Bad
Friedrichshall; Germany). Statistical analysis of all test
assays was done wusing the two-tailed Wilcox-
on-Mann-Whitney test.

In the present study, the sRD and the nRD were direct-
ed crosswise to the cell samples (distance between tube
end and cell layer was 100 mm) during mobile phone
radiation in two completely independent experiments
within 2 months. The observed cell vitality values were
tabulated for each RD series and, finally, the percentage
differences between sRD and nRD were calculated.

Resonance devices

Basically, the first generation of RD (sRD) consisted
of passive elements or compartments with a length of
around 35 cm and a tube diameter of 5 cm without any
electronic parts. The RD described previously [13] was
filled with layers of material of iron, zinc, copper, magne-
tized metal parts, cardboard, carbon or carbon related
granulate materials and varying quartz granulate miner-
als. The use of hollow conductor elements was assumed
from the usual high frequency electromagnetic signal
transmission [12,13]. The use of carbon and quartz (Si02)
is well known by microelectronics (microprocessors) or
semi-conductors and solar cells.

The second generation and novel nRD construction
also consisted of a tube filled with different layers or
sheeting materials like SRD (cardboard, iron/zinc, copper
magnetized metal parts, quartz, carbon as granulate). As
depicted in Figure 1, the central element was a copper
hollow conductor filled with quartz granulate mixtures.
The conductor inlay was divided in two compartments by
a central layer of carbon and different quartz granulates.
Both types of tubes were closed up by a bigger rose quartz
piece and a magnetized part at one tube end. Additionally,
the nRD construction included the water filled tube near
to the rose quartz element at the opposite side of the mag-
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Figure 1. Schematic presentation of a standard reso-
nance device consisting of a housing (1), a copper hollow
conductor filled up with varying quartz granulates (2),
carbon and zinced iron sheet (3), copper sheet (4), tube
elements filled with quartz (5,6), magnet element (7),
zinced iron sheet (8), rose quartz pieces (9,10) and some
cardboard anti-shake elements (11,12). It consists of two
additional AC power supply wires inside from right
(input) to left (output) crossing the element number (2)
as a copper/iron hollow conductor plus its wire surround-
ing elements (7,10). The novel resonance device has a
water filled tube near to the rose quartz element (10) at
the opposite side of the magnetized tube end.

netized tube end.

Results and Discussion

As already shown in a previous study for the exposure
period of 2 h followed by a 22 h period of normal incuba-
tion, only 45.3 + 5.3 % (mean value = standard deviation;
n = 13) of the cells survived for non-thermal radiation
with an intensity of 1.25 W/m2 at the level of the cells
[14]. One representative result of this series of experi-
ments is depicted for comparative reasons in Figures 2A
and 3A. This result clearly shows that non-thermal radia-
tion is able to affect cell vitality even at relatively low
intensities. This is in accordance to previous publications
demonstrating that non-thermal effects also occur in
biological systems and cause several alterations on the
cellular level [17-21]. For example, Yakymenko et al. [21]
have analyzed more than 100 available peer-reviewed
scientific literature dealing with cellular effects induced
by low-intensity radiofrequency radiation. They found a
marked emphasis in the activation of key pathways gener-
ating reactive oxygen species, peroxidation and oxidative
damage of DNA and changes in the activity of antioxidant
enzymes suggesting a wide pathogenic potential of the
induced reactive oxygen species and their involvement in
cell signaling pathways. As also reviewed by Sage and
Carpenter [22], exposure to electromagnetic fields has
been linked to a variety of adverse health effects that
might have significant public health consequences.

From this point of view, a device which is able to com-
pensate at least part of the non-thermal radiation when
using a mobile phone, might be very valuable. As depict-
ed in Figures 2 B/C in form of the original measurements
for each data point, the previous sRD was able to compen-
sate non-thermal radiation of an actively transmitting

mobile phone in the two test series by 20.64 and 23.70 %,
respectively. Taken together, the sRD was able to inhibit
reduction of cell vitality to 20.17 £ 2.16 % (mean value +
standard deviation). This value represents a significant
compensation of non-thermal radiation by the actively
transmitting mobile phone (p < 0.01; Wilcox-
on-Mann-Whitney test).

The novel nRD was even more effective (Figures 3
B/C) and was able to inhibit reduction of cell vitality to
14.31 % and 11.68 % in the two test series. This yields a
summarized value for the inhibition of reduced cell vitali-
ty of 13.01 £ 1.86 %; mean value + standard deviation).
This value differs significantly from the value obtained
for the sRD (p < 0.01; Wilcoxon-Mann-Whitney test).
The difference is visualized for each data point in Figure
4 demonstrating that the nRD is even more effective than
the previous sRD.
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Figure 2: Graphical presentation of the original measure-
ment data of cultured connective tissue fibroblasts
exposed to non-thermal mobile phone radiation for 2
hours followed by a 22 h incubation period. (A) Cell vitali-
ty without any protective device and (B,C) cell vitality in
two independent experiments by use of two standard
resonance devices (sRD) directed crosswise towards the
cells.

www.japanjournalofmedicine.com



Jpn J Med 2019,2:3 373
s ] A \0OO000O0000000
. 000000000000
§ o 000000000000
- o 000000000000
il e e o o ®ee 000000000000
S g O o ‘000000000000
S 5le eee o0 e °° s0O00000000000

@
3m¥ 000000000000

12345678 9101112131415161718192021222324

Single measurementvalues

e® B

50

Cell vitality in % vs. untreated control
rha
[4)]
1
@
®

-100

12345678 91011121314151617181902021 222324
Single measurement values
50

25 - .......

25 ® @ ® ]
50 |

75

Cell vitality in % vs. untreated control

-100

1 2 3 4 5 6 ? 8 91011 1I21I31I41I51I61I?1I81I92I02I12IQ2I32I4

Single measurement values
Figure 3: Graphical presentation of the original measure-
ment data of cultured connective tissue fibroblasts
exposed to non-thermal mobile phone radiation for 2
hours followed by a 22 h incubation period. (A) Cell vitali-
ty without any protective device and (B,C) cell vitality in
two independent experiments by use of two newly
designed resonance devices (nRD) directed crosswise
towards the cells.

Abbreviations: RD: resonance device(s); sRD: standard
resonance device(s); nRD: newly constructed resonance
device(s)
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