oy . J S
f""‘-'__‘k B

/«*-‘*——\\ P e h""*-\\\\ A

. Human health aspectsﬂ
" ofradar operation” "

G. Barshteln N. Betzalel A. Bogdanova, K. Zeyde, T. Saﬁn andY Feldman -~

- Igal Bilik | 4
AESS Dlstlngwshed Lecturer
e ’ blllk@bgu aC|l -



Disclaimers

1. Supported by: ~
This project has received funding from the Furopean Union’s Horizon Furope research and {,T >
mnovation programme under Grant Agreement No. 101057527. \ ) E s e X t E

2. Thank you to:

a) Gregory Barshtein and Yuri Feldman, Anna Bogdanova that taught me everything | know in this
domain.

Noa Betzalel conducted endless CST simulations
Anna Grinbaum, Timur Safin and Keril Zayde that made all experiments and built the system

3. Disclaimers:
« We do not investigate the health effects, but the electro-bio-physical phenomena.
« Observed phenomena are statistically significant.
 However, further work is needed to investigate mechanisms leading to these phenomena.



BACKGRO l& “
N



Electromagnetic Exposure

 RF-based consumer applications increases human - EM waves penetrate
exposure to electromagnetic fields (EMF). upper human skin layers

« Human sensitivity to EM exposure is known: D
« Skin responses
* Musculoskeletal pain
 Headaches
* Dizziness

[1] Jamshed, Muhammad Ali, Fabien Heliot, and Tim WC Brown. "A survey on electromagnetic risk assessment and evaluation
mechanism for future wireless communication systems." IEEE Journal of Electromagnetics, RF and Microwaves in Medicine and .
Biology 4.1 (2019): 24-36.

[2] Dieudonné M. Electromagnetic hypersensitivity: a critical review of explanatory hypotheses. Environmental Health : a Global

Access Science Source. 2020 May;19(1):48. DOI: 10.1186/s12940-020-00602-0. PMID: 32375774; PMCID: PMC7201940.

[3] Yael Stein, Iris G. Udasin, “Electromagnetic hypersensitivity (EHS, microwave syndrome) — Review of mechanisms,”

Environmental Research, Vol. 186, 2020,




Human Skin Penetration Depth

100 Model SBD

Vim vim

-
o
/

brain, skin
red bone marrow

kidney, muscle

penetration depth in cm
—

0,1

0.1 1 : 10 35GHz 27 GHz 77 GHz 300 GHz
frequency in GHz

https://www.emf-portal.org/en/cms/page/home/effects/radio- _ Betzalel, N., Feldman, Y. & Ben Ishai, P. The modeling of the interaction of pulsed 5G/6G
frequency#:~:text=The%20average%20depth%200f%20penetrati  signals and the fine structure of human skin. Sci Rep 15, 28651 (2025).
on,about%200.2%20mm%20and%20less. https://doi.org/10.1038/s41598-025-13777-8



What can EM interact with?

 EMF penetrates upper skin layers

Dermal papillae layer Capillary
| ~9 um
Arteriole/Venule
Ny 20 — 25 pum
. ée&‘ ! K
W
W =/ Small artery/vein ; Large artery/vein
(@'\% 6 — 16 mm
M /\ =
_/’q‘__
QQ% r—
& — — P—
‘0“6 - e
< )

Sweat gland duct

[4] Alhallak, K., et al. "Skin, light and their interactions, an in-depth review for modern light-based skin therapies." J Clin Derm Ther 7.2 (2021): 081.



EM interaction at Epidermis

 Interacting with the capillary network.
* Inducing nonthermal effects on the circulating blood.
« Effects may be transferred into internal organs.

[4] Alhallak, K., et al. "Skin, light and their interactions, an in-depth review for modern light-based skin therapies." J Clin Derm Ther 7.2 (2021): 081.



What is Blood?

red blood cells

vessel

white blood cell

© 2014 Encyclopa=sdia Britannica, Inc. platelets

https://www.britannica.com/science/blood-biochemistry



55%

1%

45%

Blood components

© O\ Plasma EM exposure targets:
_.j;ﬂ\j\j::efr'“‘"emfs - 45% erythrocyte (red blood cells)
& o Transfer oxygen
Buffy Coat - 4% Protein (Albumin, Globulins)
i Protect from diseases , transport

Erythrocyte

https://my.clevelandclinic.org/health/body/22865-plasma



The outer membrane of an RBC is
covered with negatively charged
molecules, especially:

» Sialic acid residues on glycoproteins

« Anionic phospholipids
(e.g., phosphatidylserine)

Sialic acid

! Anionic
residue

phospholipid

Charged RBC within
the electromagnetic field




The Main Conjecture

EM field

U

Interact with charged part
of RBC

&3 Force = Bev
3 Qv(" l/),f

electron

Magnetic ficld (B) ---'":---..

————

EM forces deform the RBC

s

Mutation

¢
. Deceases

Merab, Beraia & Guram, Beraia. (2024). Electromagnetism - Properties of Erythrocytes. Global Journal of Health Science. 16. 16-16




EMF Effect on RBC

 EMF-> forces on membrane charges
« Affects RBC deformability




RBC Mutations are Associated with Diseases

|[ 1) Brain

e

. (11) Heart (_ (12) Red blood cells
1) Dptic nerve -
e i G Q (13) Articular cartilage

{3) Periodontal .
ligament '
II N :
() Skin ko W / Piezol Piezo2
WY ' o= "
(53} Gastrointestinal® - *:H’:?
e % : ‘ (14) Merkel cells
(7) Bladder (8) Trigeminal
panglion

(6) Kidneys
Sigi Song, Hong Zhang, Xiaoya Wang, Wei Chen, Wenxuan Cao, Zhe Zhang, Chunying Shi,”The role of mechanosensitive Piezo1 channel in diseases,” Progress in Biophysics and Molecular Biology, Volume

172, 2022, Pages 39-49.
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Motivation and Existing Gap

 The existing EMF exposure systems expose only static blood.
« Cannot be indicative to practical circulating blood conditions.

(a)
(® 12 mm A
.PC 12 calls in SUSPEnsIOn as chsarved under
RF signal generator | ehase contrast before EMF exposure
§ = B
=
~ 1 g -
~ \
= Neozoe, I
=
al |1 «
S ! 1 PC 12 ol susponmon ] [Termperature probe . /J‘
\ the m:ru_paln dish 1 £
— ni & i
- =2 Electrode=2 F as 1
| \ ! @=2mm pateh antenna £ 7
Impedance Fixture Cuvette Personal computer at 2.4 GHz metamaterial SRR = ///, 2
- O 33 o 33
analyzer(IM7581)  (16092A) (PC) 23 L g
£i # g%
5 " L
E ) gt E 26
1 oz
X : 3
] 3 ::: ! 3 2‘00 ) 10 15 20 25 30 a5 IDD 10 15 20 25 30 a5
v “ Time (s) Time (s)
RBC HRBC Plasma RBC Plasma

[5] Vazquez, F.; Villareal, A.; Rodriguez, A.; Martin, R.; Solis-Najera, S.; Melendez, O.R.M. Electric Field Sensing with a Modified SRR for Wireless Telecommunications Dosimetry. Electronics 2021, 10, 295.
[6] Perera, Tharushi & Nguyen, The Hong Phong & Dekiwadia, Chaitali & Wandiyanto, Jason & Sbarski, Ilgor & Bazaka, Olga & Bazaka, Kateryna & Crawford, Russell & Croft, Rodney & Ivanova, Elena.
(2018). Exposure to high-frequency electromagnetic field triggers rapid uptake of large nanosphere clusters by pheochromocytoma cells. International Journal of Nanomedicine. Volume 13. 8429-8442.



The Challenge

Shallow Penetration
Small volume is exposed



The Main Focus

« EMF exposure system design:
* Partl: Near-field EMF exposure system
« Part ll: Far-field EMF exposure system

Core Components Simulated BIOLOGICAL TARGETS

@ Criculating blood system RBC (Red Blood Cell

(®)) Controlled EMF exposure
~* Near-field (NF)
* Far-field (FF) with modulation

Fixed, small volume of
exposed blood

" Albumin (Protein)
"E'.:.:'”f

l Precisely controlled
Y temperature



The Main Goal

* Designh exposure system

to ensure: uniform EMF AChieve uniform EMF
within cuvette




EMF System Design




Near-Field EMF
ExXposure System




Near-Field EMF Exposure System

RF signal generator

> =
1=
2

Vector network analyzer

RF Open-ended
High-performance

9
re)
3
,:L/ Coaxial-probe
(14
- u

=

Samplin;; )

~ w
T

Thermo-control
Level sensor

pH-meter

5ml open cuvette for
MDS & samples collection

5ml open cuvette
for RF exposure




EM Simulation of the Exposure Cuvette

CST simulation

Gold-coted electrodes with electric conductivity of 4.561 - 10’S/m and
thermal expansion coefficient 14 - 107°1/K

Simulated frequencies: 0.7,1,1.95,2.45,3.5 GHz
Average transmit power: 10dBm
Cuvette of lead glass with permittivity 6 and conductivity 107125 /m, permeability 1H /m.

o+ EM feed

"" e —

Sample cedl

10 mm

17.5 mm

o
0
3
3

-




VVVVVV

0.7 GHz B 1c6Hz

* Nonuniform distribution of the electromagnetic field.
« Significant variations with increasing frequency.



Dipole Antenna Outside the Exposure Cuvette 1=« )(?(

0.7 GHz 1GHz

b E 1.95 GHz 2.45 GHz

The standing wave pattern within the
exposure cuvette compromises the 3.5 GHz .
EMF uniformity.







gt
Plane Electrodes: Transverse Electromagnetic (TEM) Cell * "= )(?(

« H-field is relatively uniform

E-field « Power flow is real and time-invariant
H-field
1 GHz T .7 GHz >_1
GH J 1.95 GHz 2.45 GHz A
5
L A AN L
3.5 GHz 5 GHz i 3.5 GHz GHz

(b) (b)



E-Field Uniformity
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Influence of Suspension Level

The E-field uniformity degrades with the reduced suspension level



Hebrew University
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Spectroscopy Measurement

Setup

 EMF frequency: 0.7-5 GHz
 EMF power: 10 dBm
* Plate electrodes
 Exposure time: 20 minutes
 Sample RBC volume: 5 mli
 Waveform:

pulse of 4.0 ysec, 50% duty cycle




Far-Field EMF
Exposure System

Ay ) )

>




Far-Field EMF Exposure System -Design ”/';)t )(?(

EMF EXPOSURE WATER-JACKETED
SETUP P Absorbine CUVETTE

AREerna Material

AR R BT Blood circulation pipes Water sample
=
Wire
for
grounding ~4.3A\ i
mple at 37 °C
h ~
Wire - 2 Water for Water circulation
for grounding —— the pipes pipes

Holes for the pipes

Wire for grounding = \Water circulation pipes



Far-Field EMF Exposure System -Design 2 )(?(

P

——
e —

RF-EMF chamber

cell for blood
exposure to Low-6G radiation source

radiation 3,5 GHz patch antenna

-

/"’

/

Cuvette

> RF absorber
//




Antenna-Design

Farfield Directivity Abs (Theta=0)
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180
Phi / © vs. dBi

Farfield Directivity Abs (Phi=90)
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Antenna-Design

Farfield Directivity Abs (Phi=0)

Phi=180

180
Theta / deg vs. dBi

HISI000

'

|l

4 /]




Chamber CST - Model

Chamber with absorption material E-field free-space E-field with absorption material

/




Cuvette Design

Blood sample

Blood\ sample
circulation pipe

Water “jacket” l
X

Water “jacket” circulation pipe

/
Blood sample
circulation pipe

Blood sample

Water “jacket” circulation pipe

Water “jacket” == Y




Cuvette Design et

Blood sample

Cuvette Blood sample
\ / Blood circulation pipes

Blood circulation pipes
Blood circulation pipe

Blood circulation pipe

Water “jacket”

e-field (f=3.5) [1]
Component
Frequency

Phase

Cross section

Cuvette

Cutplane at Y 0mm
Maximum on Plane (Plot) 149657 V/m
Maximum (Solver) 19094.4 V/m

Water circulation pipes

Blood sample

Cuvette
B /

Water “jacket” circulation pipe

Water “jacket” circulation pipe |

) \
Water “jacket”

e-field (f=3.5) [1]
Component

Frequency

Phase

Cross section

Cutplane at X -3.5527e-15 mm
Maximum on Plane (Plot) 4242.07 V/m
Maximum (Solver) 19094.4 V/m




E-field Distribution in Cuvette

Electric field along X and Y directions at different depth of the cuvette

—e-field (=3.5) (1) (Pont) (X) z=-1

[|— e-field (f=3.5) (1) (Point) (X) z=-2.5 , ' ' . ' '
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--- e-field (f=3.5) (1) (Point) (Y) z=-1 ‘ | | | | |

--- e-field (£=3.5) (1) (Point) (Y) z=-2.5
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Electric field (V/m)

Length (mm)



E-field Distribution in Cuvette

Electric field along Z direction at different (X,Y)

| |—e-field (f=3.5) (1) (Pont) (Z) (-1,-1, Z)

_|—e-field (£=3.5) (1) (Pomt) (2) (-2.-2. Z)
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Specific Absorption Rate (SAR) nede

— SAR- EMF enerqgy absorption rate in tissue [W/kg]

| o(r)|E 2
A SAR = 1 / o(r)|E(r)|” dr
14 V sample

. electric conductivity

@f . electric field

(a0 . tissue density

. sample volume

EH= US (FCC) <= EU (CENELEC)
SAR < 1,6 W/kg over 1g tissue SAR < 2 W/kg over 10 g tissue




Far-Field EMF Exposure Cell CST Simulation: SAR 1=+« )(?(

Created usin V/m

SIMULIA Cs

8332

1000 —

500 —

100 —

50—

10—

5_

e-field (f=3.5) [1]

=
Compaonent Abs
Frequency 3.5 GHz t
Phase _ 1 o ¥
Cross section A
Cutplane atY 0 mm

Maximum on Plane (Plot) 766,917 V/m
Maximum (Solver) 0504.93 V/m



Specific Absorption Rate (SAR)

W/kg
0.243
Blood sample o
Cuvette
0.04
0.01
0.004
Blood circulation pipe o
Blood circulation pipe e 0.0004
0
SAR (f=3.5) [1] (Point) S m
Frequency 35GHz
Cross section A
Cutplane at Y 0mm &
Maximum on Plane (Plot) 0.04973 W/kg
Minimum on Plane (Plot) 0 W/kg
Maximum (Solver) 0.24383 W/kg
Minimum (Solver) 0Wrkg
W/kg
0.243
Blood sample Cuvelia "
0.04
0.01
0.004
0.001
0.0004
0
SAR (f=3.5) [1] (Point) & =
Frequency 35GHz
Cross section A
Cutplane at X 0mm
Maximum on Plane (Plot) 0.243265 W/kg &
Minimum on Plane (Plot) 0 W/kg
Maximum (Solver) 0.24383 W/kg

Minimum (Solver) 0 Wrkg



Specific Absorption Rate (SAR)

SAR along X and Y directions at different depths of the cuvette

002 H H 1 : H '
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Specific Absorption Rate (SAR)

SAR along X and Y directions at different depths of the cuvette
0.018 —
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Far-Field EMF Exposure System-Implementation




Absorption Material Characterization

* Dielectric properties of a porous absorber |

* Frequency range: 2.5-5 GHz
* Permuttivity: 2.0

* Loss tangential: 0.5 dB

* Insertion loss: 9.5 dB

Thru full

=30} A e ==== Thru smoothed
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AR Y 14 b # 4 [\-=-- Line smoothed
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Far-Field EMF Exposure System Isolation NEZT

| (a) Rx outside the chamber
(b) Rx inside the chamber

4 MW’ b \M,M\,ﬂ'm{p‘uhw WM e ‘P“‘\."\\J lV\'WV"yVVJ WVJ\-M“‘)‘M




Complete Far-Field EMF Exposure System nege




Far-Field EMF Exposure System Components neESs )(?(

Chamber Exposure System

(NSANN |

“inhibited the intensity of t
e published in PRL, vol. 10




Experiments



Cell-Level Experiments







RBC Deformability

 RBC deformability investigated by computerized cell flow-properties analyzer (CFA).

* Visualization of the change in the RBC shape mm a narrow-gap flow chamber under
flow-induced shear stress (mimmicking the condittons i micro-vessels).

Cell flow-properties analyzer (CFA)

IMAGE
MONITOR COMPUTER

Microscope




Experiment RBC Deformability Setup

* 0.59% Bowvine serum albumin (BSA)

* Pumped mto flow chamber

* The flow-induced shear stress of 3 Pa
* Deformability measure: elongation ratio:

ER == B
: |
: A s
vV < > V
» Average ER (AER) B. Undeformed cell (ER = 1)
* Median ER (MER) C. Highly deformed cell (ER=2.3)

Denved tfrom 10,000 cells m 25 mmages



RBC Deformability

RBCs in the CFA under a flow-induced shear stress of 3 Pa

Deformabihity was measured 1 hour after exposure

Control Exposed during 40 min.
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RBC Deformability

1.4

1.2

1.0

0.8

0.4

MER

1.48 £ 0.04
1.40+0.03

Control Exposure
ER <1.1

%LDFC
30

20| 35.57+6.61
23.62+£3.29

10
0
Control Exposure
11<ER<13 ER>25

UDFC

LDFC HDFC




RBC Deformability

o ((4)

© @ decreases |
B | .
~ surface charge

\ on the cell
Control Exposed

EMF decreases surface charge on the cell
RBC deformability increases.



Sedimentation Experiments




Experiment Erythrocyte sedimentation rate (ESR) - -—~L

* 8 blood samples, Exposure (40 min) EXPOSED CONTROL
 EMF at 2.5 GHz and 10 dBm

Effect of EMF Exposure on ESR (mm/h)

=
=
EED
o
U
L

=
(%;]

Observation: Exposure to EMF increased ESR
Explanation: Decrease m the surface charge on the cell




Experiment: Thermal Effects

RBC deformability parameters after incubation at 40°C.

1.60

1.55

1.50

1.45

1.40

1.35F
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%

3.62 * 0.62

335:|:018

.12 + 0.68

e

S

40 min

35

30

25

2016:
15}

10 [

Control

_________________________

_________________________

LDFC, %

N 28.78x4.54

20 min

...................................................................

26.35 + 0.50

4.82 = 1. 07HDFC %

Control

40 min
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Thermal Experiment -Conclusion

Thermal Supporting
effects EMF effects
l are not thermal
Reduction of EMF eXposure
RBC deformability INncreases

RBC deformability



Protein-Level
Experiment



DIELECTRIC
SPECTROSCOPY




The Method: Dielectric Spectroscopy ¢«

* DS - study the electrical
properties of material

 Measuring response to
EMF

* Information about:
* material's structure
* molecular dynamics

* relaxational
processes

https://www.ieee.org/ns/periodicals/NxtBooks/MM/PDF/MM_Apr2023.pdf

EM
Waves Reflected

Waves

il

0ol XTI

33 Heaty X
pededosied

L I v
Transmitted
\AlaviAnes

EM
Waves

Reflected
Waves

R0

Cancerou
Tissue

Transmitted
Waves

ae

—



The Method: Dielectric Spectroscopy ¢«

« Complex permittivity:
e(f) =€) —je'(f)

* Determines - material’s
responds to EMF

e Calculated from

EM
Waves Reflected

Waves

il

reflection + g Hoalthy
transmission.

* Described by: ﬁﬁi}i‘;@l
S-parameters

* Measured by a VNA &
Transmitted
\ o https://www.

EM
Waves

Reflected
Waves

0t

Transmitted
Waves

—8

.ieee.org/ns/periodicals/NxtBooks/MM/PDF/MM_Apr2023.pdf



The Method: Dielectric Spectroscopy .o«

« Complex permittivity spectrum of biological material = EM fingerprint
10! 0 10t 102 10® 10* 10° 10 107 108 10° 1010 101! 1012

e Gla f0H)

H;N*—C—COO"

I
R

Amino acids Water

Tissues

Nd oP
°/+ e ‘\
N Head group'\
AY

1
1
1
1
o :
{ region \\ : p
d_o A i
\n N

o - Dispersion 8 - Dispersion 6 - Dispersion y - Dispersion
Cindy J. Galindo, PhD thesis Presentation, HUJI, 2024



The Method: Dielectric Spectroscopy .o«

Complex permittivity E (f) - electric dipole moments inside
the material align to EMF
e(f) =€) —je'(f)

8'(f) EM losses (friction of charges
aligning with the EM field)



The Method: Dielectric Spectroscopy

 EMF-induces polarization Time- dependent fields: E{f) _ EDE—iwt
* Polarization is described by

complex permittivity:
Magnitude — polarization extent
Phase — polarization delay )

Unpolarized -

PO AR
® R @ @

Polarized by an applied electnc fisld

+ + + + + + + + + + + + /

DO QO
Q@@&b®@

Polarization: P(t) =eox E(t)

~
NSNS
NS
NN
NN N
NN\
NN N

Faolarizatlon of Dielectric



Relaxation Phenomena

Dielectric relaxation " Increasing EMF |
- s |
Time-dependent process _ frequency “\/> & I |
. . . T = .
when material’s polarization « 4 . = \/\%
. . Dipole moments unable 5
adJUStS to varying EMF to align to EMF frequency gaﬁ a% s% "
p } > Time (s)
Decreasing contribution [—— Oscillations of E-Field
to permittivity ——, -
£’ el
l \ y
Decrease in the real | Frequency 5
part of permittivity. u |
Peak in the dielectric losses | || -
(imaginary part) ) ‘ Ereqtarioy (H2)

I | Dipoles follow E-field oscillations.
[ Dipoles have difficulty aligning to E-field, friction.
[ Dipoles cannot line up with E.

_F = E

v Frequency

https://read.nxtbook.com/ieee/microwave/microwave_april_2023/dielectric_spectroscopy.html



Relaxation Phenomena in BioMatter

60

50

40

30

£'—j£”

£=

20

10

0

«0l —dispersion: tangential flow of ions across cell surfaces

Counterion
— Polarization
[ Y

c-Relaxation

Dielectric Permittivity of Biomatter

Maxwell-Wagner p-Relaxation y-Relaxation
B Polarization |
—-
Dipolar v
Polarization o
_-’
Atomic - 2
* Resonance \
& °ﬁmm° Electronic _|
Resonance
J!l]] ]llJ] llJ[llJ L L L BLLll IIIlI Ll iLl JlJll]I Ll LLLL PR
102 10 108 108 1010 1012

Mo External Electric Field

B-dispersion
E(f< 1t E (f> fy)
—
_h l \
A

External Electric Field External Electric Field
Oscillating at Frequency Oscillating at Frequency

Lower Than f-Relaxation  Higher Than S-Relaxation

* B —dispersion: build-up of charge at cell membranes (Maxwell-Wagner effect)
* Y -dispersion is due to the dipolar rotation of small molecules
(water) — the major part of any biomatter



Cole-Cole Model

Relation between relaxation and dielectric parameters Stat}}:%glr part: Energy stored in the system

. @ @ = l —— water
£f) = & 1+ (i@l@l_ifeo 70-: “

60

[ Frequency 3
€0 Vacuum permittivity Y oo :
A& Dielectric strength

a Broadening of the relaxation distribution

T Relaxation time

o Conductivity 0 ————

frequency (GHz)
Imaginary part: Energy dispersed by the system

A&

| Conductivity region

20 - 2. Relaxation peak shift

and broadening

104




Protein-Level
Experiments
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EMF exposu (e
of MetHDb solutiol




Effect of EMF exposure of MetHb solution

* Dielectric measurement of MetHb
solution before/after EMF exposure

* MetHb provides a controlled
biochemical state allowing:

« Isolate EMF effects
« Compare with normal Hb or
RBC response

Oxidation

 Measure changes in: . ;
. Absorption Hemoglobin Methemoglobin
« Relaxation Hb Metl_b

Fe?* Fe’"



Dielectric Relaxation Time

e(f) =€ +
1+ @ f €0
1. Static permitivity

9.02 l
80
9
70
8.98
8.96 60
o =
(7]
m -
Z 894 % 309 3. Conductivity region
:'; 8.92
£ 20 . )
= 2. Relaxation peak shift
c 89 and broadening
9 10
e % S
T 3.8 == |_OCal conformation reduction
m [=—=—=2]
° 0 ——
& 8.86 1 10
frequency (GHz
8.84 q y (GHz)

Control Treated



Possible Reason

MetHb in EMF

Local conformational
changes
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Experiment Hemolysate

Wha+ is Hemolysis¢

- Hemolysis is the lysis
o9 of red blood cells

80 resulting in the release
of hemoglobin.

<

PHE
(-, HAT H
EMOG

=0




“ )
Hemolysis o )(?(

/—_‘ - ' " £
' Freeze » ® o

RBCs + Thaw = Hemoglobin



Experiment Hemolysate- Setup

Exposure for 40 min
e (Circulating hemolysate
* Temperature-controlled
*  Unmodulated EMF
* High hemoglobin concentration:
- Centrifugation removed plasma from blood
- cell concentrate was hemolyzed.

Hemoglobin concentration: 20.5 + 1.2%.




Experiment Hemolysate- Dielectric Strength

* Exposure for 40 mn
* Circulating hemolysate e(f) = €, 1 @
* T'emperature-controlled %

Dielectric strength

1+ (fOl-= ' jfe,

) Indicate:

| ——— —~v - altered hemoglobin
W] W I conformation due to affected
< - EEEEE%;;;;;::; molecular dipoles

- = T | %:::;;;;f;;:: - redistribution of 10ns

. e and mcreased 1onic mobility

Control Exposure Contral Exposed

Decrease m dielectric strength (Ag)



190

Experiment Hemolysate- Conductivity

Exposure for 40 min A& | @

Circulating hemolysate — !
8 y (f) = € T+ Gfoie  jfe
Temperature-controlled 1] €o
Conductivity
T - R e Indicate more mobile 10ns
° gzzifffffffffff% More mobile 1ons—
l S - increased permeability
J [ — - 10n release
Cﬂlﬂtfﬂl ];-:XP“SEd ) leltrnl ]E:.@used

Increase 1 conductivity (0 )



“ )
Experiment PBS (Control) o )(?(

Phosphate-Buffered Saline (PBS) - salt water with
a stable pH similar to the body

P-value PBS Control (n==5) | PBS Exposure(n=5)
40 min incubation during 40 min

A& decreases 70.43 = 0.98

O increases 1.61 £ 0.06

Exposure of PBS (Control) to EMF does not impact:

- electrical conductivity (o).



Modulation Impact

Pulse-modulated signal 509 duty cycle Pulse-Modulated RF Signal

o, @By e
)= et T G T jfeg

Dielectric strength

- T Modulation mcreases dielectric strength decrease
. 0 T Explanation:
< ° = - mcreasing 1ons release and redistribution

o - mducing greater structural perturbation

47.5 = J_

Modulated No modulated Conirol



Irreversibility of EMF Effects

The effect of the electromagnetic field on the dielectric
properties of the hemolysate is not reversible.

To assess this hypothesis, we compared the dielectric features
of treated and control samples at two time points: immediately
after exposure and 120 minutes later.

Immediately after exposure 120 minutes later

i
m
L ==

Treated Control Treated Control

50
50 {

40

40 ‘

40



Protein Level Experiments
Outside RBC (Plasma)




Albumin Solution Exposure g (?
== )k

Parameter A€ T, psec o o, S/m

Control 61.09+0.082 8.13+0.002 0.97/8+0.002 1.39+001/
Exposure 59.21+0.221 814+0.026 0.988+0.002 1.45+0.107
T-test 8x10™" NS 8.5x10™" | 3.5%x107

Exposure of the protein solution to RF-EMF leads to the loss
of some of the absorbed ions by the protein molecules.



Albumin Solution Exposure

AE Q

0.978 0.988

Control Exposure Control Exposure Control Exposure



Conclusion

Developed uniform, temperature-controlled EMF exposure systems
(near-field & far-field) enabiling realistic, reproducible blood-level
experiments.

RBC Results: EMF exposure increased RBC deformability & ESR —
indicating reduced surface charge on the membrane. Heating produced
the opposite trend - confirms non-thermal origin.

Protein/Hemolysate Results: EMF exposure decreased dielectric strength
(Ae) and increased conductivity (o) in hemolysate, MetHb, and plasma
proteins — suggests enhanced ionic mobility and subtle conformationa
changes.

Pulse-modulated EMF induced stronger and partially irreversible
bio-physical changes.

Overall: Weak RF fields can modify electro-bio-physical properties
of RBCs and blood proteins under controlled conditions. These findings
do not claim health effects, but demonstrate biologically meaningful EMF-blood



Next Steps HES:

* Build the model explaining ionic changes within EMF

* Predict the health effects of the EMF exposure



Question@

O
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