Supplementary Material

5G Wireless Communication and Health Effects— A Pragmatic Review Based on
Available Studies Regarding 6 to 100 GHz

TableS1. Master-table of the selected (in vivo and in vitro) studies and the extracted physical, biological, and quality parameters.
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[1] Murine sural 42.25 GHz 10-30 mW/cm?, 20 s to 10  Electrical activity Yes No Yes No No Yes
nerve 45 mW/cm? min
[2] Forearm and 42.25 GHz 208 and 55 Up to 10, Blood flow No No Ye No No Yes
middle mW/cm? 20 min measurements s
finger skin
[3] Lymnaea 60.22-62.22 02400 5 min, 10 Ionic current No Yes Yes No No No
neurons GHz and 75 W/kg min and
GHz 20 min
[4] BP-4 75 GHz 600 to 12-22 Firing rate No Yes Yes No No Yes
pacemaker 4200 min
neuron of W/kg
the  pond
snail
Lymnaea

stagnalis




[5] Bilayer lipid 53-78 GHz; Output power 2000 Transmembrane Yes No Yes No No  Yes
membranes cw or peak 20 mW W/kg currents and ion
square channel conductance
wave
pulsed
[6] DBA2 and 60 GHz 0.5 mW/cm? 30 Cancer Yes No Yes No No Yes
Swiss mice min/sessi
on, 5
consecuti
ve
days/wee
k  until
death
[7] RPMI 7932 53.57-78.33 Not given 1h, every Proliferation, Yes No No No No No
human GHz wide- second morphology
melanoma band day, 3 h
cell line frequency every
range, 51.05 day, up
GHz  and to 7 days
65.00 GHz
[8] MCEF-7 52-78 GHz 0.07 uW/ecm?2 Not Morphology/TEM Yes No No No No No
Human given
Breast
Cancer Cells
[9] K562 53-78 GHz 1 pW/cm? 1 h every Proliferation Yes No No No No No
other day behavior, the
for 8 ultrastructural
days morphology and the
glycolitic metabolism
[10] RPMI7932 4220 GHz; 1mW/cm? 1 h per Cell proliferation - No Yes Yes No No  Yes
53.37 GHz day; 3 or doubling time; cell
4 days cycle progression




[11]

[12]

(13]

[14]

[15]

Mouse toe,
electrically
stimulated

Artificial axon
consisting of a
series of RC
networks.

Each network
contains lipid
vesicles filled

with K+,
causing a
gradient of K+
across the
lipid
membrane.
Ganglion

neurons of
Helix pomatia
and adult
Wistar rats

BHK-21/C13
cells

HaCat
Human
Keratinocyte
s

38-48 GHz;
65-75 GHz,
both at 0.1
GHz
increments
94 GHz

30.16 GHz

53.37 GHz

90-160 GHz

0-354 mW/cm?,
0-584 mW/cm?

Not given

1.0 and 3.5
mW/cm?

1h

2,25 min

1h

1.1 Real-time
W/kg measure
ments for

30 min

1.49 1, 5, and
W/kg

10 min

Protein synthesis

Skeletal muscle
contraction

Gap junction
Generation and

appearance of action

potentials; K+ efflux

from vesicles,
potentiation of
valinomycin (K+

carrier) activity

No

Yes

Yes

Yes

Medium as the target Yes

of effects

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes




[16] Human 50-75 GHz 14 mW/cm? Dielectric properties Yes No No No Yes No

forearm skin was at different (sin
in 10 healthy scanned in 1 frequencies in gle
volunteers GHz forearm skin blin

increments corresponding to one d)

acupuncture point
and two control sites

[17] Fetal HFFF2, 25 GHz 0.80 mW/cm? 20 20 min, DNA breaks (comet Yes Yes Yes No No Yes
adult HDF W/kg atRT assay, g-H2AX
phosphorylation);

chromosome damage
(MN-CREST);

malsegregation - non
disjunction (ND-
FISH); telomere
length  modulation;
apoptosis induction;
cell cycle stages;

prosurvival gene
signalling,
morphology and
ultrastructure
[18] Sprague- 35 GHz 75 mW/cm? 13 Until Cardiovascular No Yes Yes No No  Yes
Dawley rat W/kg death changes
(32-
69min, 49
min)
[19] Normal 422 GHz 0.1 mW/cm? 15 20 min Fatty acids in Yes Yes Yes Yes Yes  Yes
BALB/c mice W/kg inflammation

and mice with
peritoneal
inflammation




[20]

[21]

[22]

(23]

[24]

[25]

[26]

NMRI mice

The yeast S.
Cerevisiae

Neutrophils
of NMRI
mice

Vero (green
african
marmoset)

kidney cells

PC12

Rat adrenal
medulla
PC12  cells
treated with
NGF

Rat adrenal
medulla
PC12

subclone

cells,

Neuroscreen
-1

375 - 70
GHz, 422
GHz

41.75-42.15
GHz, 41.95
GHz

42.25 GHz

48.6-48.9
GHz

60.4 GHz

60.4 GHz

60.4 GHz

0.01 mW/cm? 0.15,1.5 20 min,

0.1 mW/em? W/kg 40 min

150  puW/cm?, 40 min

240 pW /em?,

100 pW/cm? 20-30
min

2 mW/cm? Over
night

10 mW/cm? 24 h

10 mW/cm? 24 h

10 mW/cm? 24 h

Footpad edema

ROS

Activity of calcium-
depending
potassium-ion
channels

Cell growth
(absorbance at 525
nm)

Protein expressions of
HSP70, TRPV1,
TRPV2, and P23

Dopamine levels and
turnover (DOPAC
levels and
dopamine/DOPAC
ratios); DAT
(dopamine
transporter)

expression levels

Membrane and stress
related protein
expression

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

Yes

Yes

Yes

Yes

Yes

Yes




[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

Human
keratinocyt
es

Albino mice

and C57Bl/6

mice

Sprague-

Dawley rats

Dutch rabbit,
eye

Male
belted
pigmented
rabbits

Dutch-

Human
lymphocyte
s

Acricotopus

lucidus

(Chironomida

e) salivary

gland  giant

chromosomes

Human
corneal
epithelial
(HCE-T) and
human lens
epithelial
(SRA01/04)
cells

60 GHz

37 GHz

35-GHz

60 GHz

40 GHz; 75
GHz; 95
GHz.

100 GHz

64.1-69.1
GHz
(sweep,
sweep time
6 s); 67.200
GHz; 68.200
GHz

60 GHz

20 mW/cm? 594
W/kg

10 mW/cm?

75 mW/cm?

475 mW/cm?,

1.898 mW/cm?

10-400 mW/cm?

0.031 mW/cm? 2.4
W/kg

<6 mW/cm?

1 mW/cm?

1-3h,3h  Whole gene
expression approach

3.5 h/day Pathomorphological

for one changes

month

19.3+1.3, Pathophysiology,

38.2+2.7  whole body heating

min effects

6,30 min  Acute ocular injury

6 min; 30 Corneal epithelial

min damage

1, 2 and Genetic effects,

24ha proliferaton

2h Chromosome puff
sizes

24h Micronucleus
formation, DNA

strand breaks, HSP

expression

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes




[35]

[36]

[37]

(38]

[39]

[40]

[41]

Rabbit,
Rhesus
monkey
(Macaca
mulatta), Eye

SKH-1 mouse,
midback,
blood

Mouse/BALB/

C, nose area

BALB/c
mouse, nose

Primary

human skin

SD rats
chondrocyt
es

61 GHz 1 mW/cm?2
60.4 GHz 1.8 mW/cm?2 42.4
W/kg
Human 60 GHz 1, 20 mW/cm?
melanoma
cell line
A375 and the
human
keratinocyte
cell line,
HaCat
30-40 GHz 4 mW/cm?
42.2 GHz 31 mW/cm? 622
W/kg
42.2 GHz 32 mW/cm? 622
W/kg
42.2 GHz 31 5 mW/cm? 622 100
W/kg

8h, 5x4
h on
consecuti
ve days

1, 6, or 24
h

20 min,
1h, 6
h,16 h, or
24h

4 x for 15,
30 or 60
min
every 12
h

30 min/d,
5 d/week
for 3
weeks
30
min/day
for 3
days

30 min
daily for
3 days

Ocular injury

Whole-Genome
Expression Analysis

Endoplasmic
reticulum stress
sensor gene
expression

G1/s cell cycle
progression

Catalase, also
pretreated with
cyclophosphamide
(CPA)

CPA induced
leukopenia and
myelosuppression

T cell activation,
proliferation, and

effector functions in
with
cyclophosphamide

pretreated

No

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

Yes

Yes

Yes

Yes

No

No

No

Yes

No

Yes

Yes

Yes




[42]

[43]

[44]

[45]

BALB/c
mouse, nose

BALB/c
mouse, nose

(DMBA)-
induced
SENCAR
mouse
Sprague-
Dawley rats

61.22 GHz

42.2 GHz

94 GHz

35 GHz, 9%
GHz

31 5 mW/cm?

31 5 mW/cm?

1000 mW/cm?,
333 mW/cm?

75 mW/cm?, 90
mW/cm?

885 100
W/kg

623 100
W/kg

30
min/day
for 3
consecuti
ve days
31 min
daily for
3 days

10 sec, 10
s/week
for 12
weeks
60-70
min

(CPA)

Modulation of the
effect of
cyclophosphamide
(CPA)

Pretreated with CPA,
cell viability/cell
division/proliferation:
cytotoxicity,  effects
on the immune
system: natural killer
cell activation (flow
cytometry; expression
of CD69);
cytotoxicity); cytokine
measurement (TNF-
alpha and  IFN-
gamma)

Skin carcinogenesis

Temperature changes
in skin, subcutis, and
colon, and the time to

reach circulatory
collapse (mean
arterial blood

pressure, 20 mm Hg)

Yes Yes
Yes Yes
No Yes
Yes Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

No

Yes

No

No

Yes

Yes

Yes

Yes




[46]

[47]

(48]

160 adult (3
months old)
male albino
rats.

Branhamella
catarrhalis
ATCC 23246,
Kocuria rosea
CIP  71.15T,
Staphylococc
us aureus CIP
65.8, ATCC
25923,
Streptomyces
griseus ATCC
23915
bacterial
strains, and
the yeast
Saccharo-
myces
cerevisiae

Heart
muscle
cells/tissue

35 GHz

90-160 GHz

18 GHz

75 mW/cm?

1.49
mw/g

kw/kg
and 5
kw/kg

Until the
colonic
temperat
ure
reached
41- 42 C
(ca. 60
min)

10, 15
min

Uptolh

Gene expression, No

histophathology

[3h]-ouabain binding Yes
with cell membrane,
45ca2+ uptake and
intracellular cyclic
nucleotides contents

(46 nm) nanopsheres Yes
uptake

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

No

No

No

Yes

Yes

Yes




[49]

[50]

[51]

[52]

[53]

Frog
isolated
nerve  (n.
Ischiadicus
+ n.
Peroneus)

Isolated
frog sciatic
nerve

Human glial
U-251 MG,

Human glial
U-251 MG,

BHK-21/C13
cells

59.16, 60.43,
and 61.15
GHz, 59.87
and 60.83
GHz

60.4 GHz

41.34 GHz +
high-rate
electrical
stimulation
of the nerve
(I-IRS, 20
twin
pulsess-

’ 9msinter-
pulseinterva
1)

40-52 GHz

41.8 GHz;
74.0 GHz

0.14 mW/cm? 2.64 -
0.08 to
3.3-0.1
W/kg

0.14 mW/cm?

0.02, 0.1, 0.5, or
2.6 mW/cm?

0.24-3.0
mW/cm?, 2-3
mW/cm?
320 mW/cm?,
450 mW/cm?2

24h

24, 48, or
72 h

23 min

10-60
min

1h

Expression of No Yes Yes Yes No
endogenous ER-stress

biomarkers, namely,

the chaperones

bip/GRP78 and

ORP150/GRP170,

qpcr

ER protein folding No Yes Yes Yes No
and secretion,

induction of XBP1 or

ATF6  transcription

factors  maturation,

expression of ER-

stress sensor,

bip/GRP78

Action potential Yes Yes Yes No No
Action potential Yes Yes Yes No No

RNA and protein Yes/ Yes Yes No No
synthesis; cell no.
morphology

Yes

Yes

Yes

Yes

Yes




[54]

[55]

[56]

[57]

[58]

[59]

[60]

20 healthy
male
volunteers

Organotypic
cortical slices

Swiss
Webster
outbred mice

Swiss
Webster
outbred mice
Swiss
Webster mice,
nose

Swiss
Webster
outbred mice,
head/nose
Swiss albino
mouse,
plantar
surface of
hind paw

Organotypi
C cortical
slices

4225 GHz
(active
generator);
mw within
50-75 GHz
frequency
range (noise
generator)

60.125 GHz

61.22 GHz

61.22 GHz

42.25, 53.57,
and 61.22
GHz

61.22 GHz

61.22 GHz

<17.2 mW/cm?

1 uW/ecm2

15 mW/cm?

15 mW/cm?

13.3 mW/cm?2

13.3 mW/cm?

15 mW/cm?

30 min

1 min

15 min

15 min

15 min

15 min,
15
min/day
for 5
days

15 min

Pain threshold,
measured using the
cold pressor test cpt
and heart rate, blood
pressure, incidence of
subjective sensations
(paresthesia) during
exposure, as well as
quality of volunteers’
blinding

Action potential

Hypoaglesia

Gut  transit and
colorectal passage

Hypoaglesia

Melanoma

Hypoalgesia, Cold-
water tail flick test

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

No

No

Yes

Yes

Yes

Yes

Yes

Yes




[61]

[62]

[63]

[64]

[65]

[66]

[67]

Swiss albino
mouse, NOSe;
glabrous skin
of right paw;
hairy skin of
the mid back

Humans

Male

albino mice

Swiss

Male

albino mice

Swiss

Leech

Male Sprage-
Dawley rats

Male Sprage-
Dawley rats

Individual
neurons in
the leech
midbody
ganglia

61.22 GHz

42.25 GHz

61.22 GHz

61.22 GHz

60-GHz

35 GHz

35 GHz

15 mW/cm?

25 mW/cm?

15 mW/cm?

0.15, 0.5. 1.5,
5.0 mW/cm?

1, 2, and 4
mW/cm?

75 mW/cm? 13
W/kg

75 mW/cm? 13
W/kg

15 min

30 min

15 min

15 min

1 min

Until
mean
arterial
pressure
dropped
to 75 mm
Hg (36.7
+/- 0.7
min)
Until
mean
arterial

pressure

Hypoalgesia, Cold-

water tail flick test

Suppression of pain
sensation

Scratching frequency
during 90 min after

s.c.  Injection  of
pruritus (itching)
agent 48/80.

Tail withdrawal as
pain response in cold
water flick test
Real-time effects on
action potential, and
as “positive control”
bath heating
Mean arterial
pressure, heart rate,
body temperature

Mean arterial
pressure, heart rate,

body temperature

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

No

No

Yes

Yes

Yes

Yes

Yes

Yes




[68]

[69]

[70]

[71]

[72]

NMRI mice,
peritoneal
neutrophils
Male Wistar
rats

Xenopus
laevis
embryonal
spinal  cord
neurons

Male Wistar
rats

Xenopus
laevis oocytes

41.95 GHz

54 GHz

94 GHz

42.2 GHz

60 GHz

19.5 uW/cm?2 0.45
W/kg

150 mW/cm?

31 mW/cm?

Not provided Not
provide

d

0.18-6

mw/mm?2 at
the bottom of
the oocyte and
0.01- 0.33
mw/mm?2 at
the top

dropped
to 75 mm
Hg (36.7
+/- 0.7
min)

20 min at
20 oc

10 min

Seconds

2 x 4o
min with
40 min
interval
before
and after
electric
stimulati
on

2h

ROS production

Conditioned
avoidance response to
induced pain
stimulus

Microtubule
assembly/disassembl

y

C-Fos activation in
hypothalamus; ~ NK
cell activtiy in spleen

Membrane
excitability protein
expression by
electrophysiological
recordings

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes No No

No Yes No

Yes Yes No

Yes

Yes




[73]

[74]

[73]

[76]

[77]

Male
rats

Wistar

Human
buccal
epithelium
cells from
female

donors

Primary
human
neonatal
keratinocyt
es

HACAT

BHK-21/C13
cells

Mouse
embryonal
carcinomacel
1 line P19
induced to
neural
differentiatio
n, human
epidermal
keratinocyte
S HEKN,

42.2 GHz

40 GHz

60.4 GHz

41.8 or 74.0
GHz

94 GHz

0.2 mW/cm?

Not given

20 mW/cm?; co-
exposure with
a glycolysis
inhibitor, 2-
deoxyglucose
(2dg, 20 mm)

320 or 450
mW/cm?, with
or without
cooling (42°C);
600, 800, and
1,000 mW/cm?2
Not given

5 sec

3 x 10
min, 10
min
interval
3h

1h

30 min,
60 min

Electronegativity = of
cell nuclei; presence
of  heterochromatin
granules in nuclei

Electric activtiy in

spinal trigeminal

nnucleus neurons

Whole genome and
ATP content
Morphological
changes investigated
by Scanning and
Transmission

Electron Microscopy

Intracellular Ca2+
oscillations, ATP
release, NO
production

Yes

Yes

Co-
exp.
Yes

Yes/
no

Yes

Yes

Yes

Yes

Yes

Np

Yes

Yes

Yes

Yes




[78]

[79]

(80]

Plasma from
exposed
Sprague-
Dawley rats

Human
peripheral
blood
(froozen)

alone and as
as co-culture

Rat NR8383 35GHz

macrophage

cells

Human 42.25 GHz

epidermal

keratinocyte

s - hacat;

human  T-

lyphoblast

Jurkat cells:

mouse

B16F10

melanoma

cells

Human 4225 GHz

epidermal (high power

keratinocyte =~ MMW

s - HaCat exposure),
61.2 GHz
(low-power
MMW
exposure)

75 mW/cm?

345 mW/cm?,
0.55 W/cm?,
1.23 W/cm?

29 mW/cm?,
1670 mW/cm?

770
W/kg,
37
kw/kg

46 min
(until
core
temperat
ure
reached
41 °C in
exposed
rats)

30 min

30 min
(chemoki
ne

producti
on, gap-
junction
communi
cation),
60 min
(viability,
Hsp70

Protein  expression
changes and
oxidative stress
marker 3-

nitrotyrosine (3-NT)

Coagulation (human
whole blood, blood
cell components,
plasma, HaCat cells);
apoptosis marker
expression (Annexin
A\ staining,
phosphatidyl  serine

externalization)

Chemokine
production (RANTES,
IP-10), viability, Hsp
70 production, gap-
junction

communication

Yes

Yes

No

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

No

No

No

Yes

Yes

Yes




Human
epidermal
keratinocyte
s - HaCat

Mouse P19
embryonal
carcinomacel
Is induced to
neuronal
differentiatio
n with
retinoic cells.
Human
fibrosarcoma
HAT-1080
cells.

310, 78, and 186

producti
on)

15 or 30
min, at
room

temperat
ure

60 min
P19 cells.
30 min
H-1080
cells.

3 x 10
min
every 2 h
following
beta-
mercapto
ethanol
treatment
for24 h

Proliferation,
adhesion, chemotaxis
(spontaneous or
cytokine-induced), IL-
1beta production

P19 cells - Ca2+
oscillations in real
time in the presence
of absence of
inhibitors of N-type
Ca2+ channels, Ca2+-
atpase, phospholipase
C. NO production. H-
1080 cells actin
structure and cellular

mechanics.

Differentiation  into
nerve cells from
BMSC




(84]

[85]

(86]

(87]

BALB/c

mouse, nose

Human
whole blood
or isolated
neutrophils in
plasma

Cryoperser
ved
spermatozo
a

Chondrocyt
es

42.2 GHz

32.9-39.6
GHz

42.25 GHz

30-40 GHz

31,5 mW/cm? 622
W/kg

10 mW/cm? 145

0.03 mW/cm?

4 mW/cm?

30
min/day
for 3
consecuti
ve days
5, 15, 30
min

5, 10, 15
min

30

min/day
for three
consequit
ive days;
60

min/day
for three
consequit
ive days

Genotoxicity, also
with preatreated with
cyclophosphamide
(CPA)

Ros generating
activity  seen  as
luminol-dependent
chemoluminescence;
myeloperoxidase

activity;  neutrophil
morphology  typical
for activated cells

Motility,
integrity,
decondensation,
apoptosis
V)

Apoptosis  (Annexin

membrane
chromatin

(Annexin

vV, mitochondrial
membrane potential,
cytochrome c
caspase-3 activation)

No Yes Yes Yes No

Yes No No Yes No

Yes No No No No

Yes No No Yes No

No

Yes

No

No




(88]

[89]

[90]

[91]

Sprague-
Dawley rats

New Zealand
White rabbits
(male and
female)

Male Sprage-
Dawley rats

Mesenchym

Normal
human skin
fibroblast
(NB1RBG)
and human
glioblastoma
(A172) cells

30-40 GHz

37.5 GHz

35 GHz

Sweeping
from 70
GHz to 300
GHz in 1.0
GHz steps.

4 mW/cm?

10 mW/cm?

500, 900, 1200,
1500 mW/cm?
at 3.6 cm2
(irradiated
area), 1500,
3500, 5000,
7500 mW/cm?
at 1.8 cm?

10 pWw, 1.27
uW/em? at 100
GHz

and 0.38
uW/cm? at 300
GHz.

30
min/day
for1, 4,8
or 12
days; 60
min/day
for 1,4, 8
or 12
days

20 or 40
min per
day for
10 days,
six weeks
after
surgery
30s

3, 70 or
94 h

Chondrocyte
differentiation (Cbfal
and Sox9 mra
expression,  cellular
morphology,
heterochromia,

collagen II expression

Histologic
appearance (Modified
Mankin Score (MMS);
chondrocyte
apoptosis; caspase-3,
caspase-8, and MMP-
13 expression

EEG wavelet analysis

documenting  stress

reactions
Proliferation, and
MTS [3-(4,5-

dimethylthiazol-2-yl)-
5-(3-car-
boxymethoxyphenyl)-
2-(4-sulfophenyl)-2H-
tetrazolium, inner
salt] was used for cell
activity and
cytotoxicity assays

Yes No No No No

Yes Yes No No No

Yes Yes No No No

No Yes No Yes No

Yes

Yes




[92] E. Coli xI-1 42 GHz 2.6 mW/m?, 32 40 min Growth rate, No No Yes No No No

blue mW/m? absorption spectra at
41-42 GHz, dna
plasmid
transformation
efficiency
[93] Keratinocyte  60.42 GHz 1 mW/cm? Betwee Cell wviability and No Yes Yes Yes No No,but
S HaCat, n 17 intracellular  protein calcula
astrocytoma and homeostasis ted
glial cell line 21.4
U-251 MG W/kg
for 6-
well
and
betwee
n 137
and
26.2
W/kg
for 96-
well
tissue
culture
plates
[94] U-251 MG 60 GHz 5.4 mW/cm? or 1-33h Gene expression of No Yes No Yes No No
glial cell 0.54 mW/cm? molecular chaperones
clusterin and Hsp70;
specifically
transcription
activation, mRNA

levels, protein levels
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