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VA SATIVHTA

BIOLOGICAL EFFECTS

ICTP Trieste 1995

BASIC PHYSICAL LAWS OF THE
CLECTROMAGNETIC INTERACTIONS

#

1) Relaxation processcs - Cooperative
at microscopic level - Non linear

- Resonant

2} Constitutive relations processes
at macroscopic level at

- cell

3) rate of energy absorption - cell membrane

per unit mass (SAR) - nucleous
levels

DOSIMETRY AND : NONTHERMAL

THERMAL EFFECTS ' (WEAK FIELD)
EFFECTS
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BASIC PHYSICAL LAWS
OF THE INTERACTION

a) INTERACTION WITH ELECTRIC CHARGES  (Ions)

b) INTERACTION WITH DIPOLES (Atoms, Molecules)

¢) RESONANT INTERACTIONS
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BASIC PHYSICAL LAWS
OF THE INTERACTION

L]

a) INTERACTION WITH MONOPOLES (IONS)

F=ql& [ELECTRIC FORCE|

F=q(vxB) IMAGNETIC FORCE]

bYINTERACTION WITH DIPOLES (MOLECULES)

T=m.x E [ELECTRIC COUPLE]
T=m,xB [MAGNETIC COUPLE]

F=V{mex Elocoq  IDIELECTROPHORETIC FORCE]
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BASIC PHYSICAL LAWS
OF THE INTERACTION

TASATI IS

¢) RESONANT INTERACTIONS

-

di-

2 )
m 47X 3 ‘('}‘l‘ + k x =q Eg [VIBRATIONAL RESONANCES]

: d:g; i+ F ((ll? i, +m. xE=0 [ROTATIONAL RESONANCES]
at
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THERMAL EFFECTS
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EXAMPLE

Area of the human body: 1.8 m 2

Absorbed power = (.5 incident power (at MW frequencies)

Energy absorbed in 24 hours for exposure to 10 mW/cm .

100 x 1.8 x 0.5 x 24 =2160 W h= 1860 Cal

ICTP Trieste 1995

For a body exposed to 10 mW/cm?
after about 1/2 h the body temperature

increases ol 1°C
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1A SATFIZA

B10- HEAT EQUATION

dT _ (SAR + Wy - W - W)
dt ¢

T = temperature (°C)
SAR = specific absorption rate (W/kg)
W = metabolic heating rate (W/kg)
W = heat loss due to thermal conduction (W/kg)
Wy = power dissipated by blood flow (W/kg)
c = specific heat (Joule/ kg°C)
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IN VIVO EXPERIMENT

2800 MI Lz pubsed

[ & Tnitial heating 1653 mW/iem’

L@ [porcased respiniory ride
® Dearcased depth
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® Thermal equitibrium @ Breakdown in
thermal cquilibrium
s Collapse
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Duration ol cxposure (minates)

FIGURE 15.3.  Fhe triphasic response of the rectal temperature of dogs exposed Lo 2800
M1z pulsed microwaves at 165 mwicm?, e heating is followed by a period of thermal
cquilibrivm ane! finally, if the cxposure is continued, by thermorepulatory collapse.
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1A SAPIFMZA

LA SATITHZA

MICROWAVE CATARACTOGENESIS

LENS CHANGES = |
NO CHANGE o

600
500

POWER DENSITY (mw/em?)

MAX ABSCRBED POWER [ mW/gm)

&0 100
EXPOSURE TIME (MINUTES)

Threshold for cataractogenesis in rabhbits
exposed to near-zone 2450 JHz radiation
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CELLULAR MEMBRANE

membrane

Intracellutar

fluid (cytoplasm) Extraceltular fluid

celt radius (r) = 25 - 250 tm
membrane thickness (t) = 2 - 20 nm (20 - 200 /1)

membrane constitution  (phospholipids, H,O, Na+, K*, sugars)
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FEQUIVALENT CIRCUIT

LA SATTFNTA

Locally the membrane is like a parallel-plate capacitor

as a first approximation the membrane
has the following equivalent linear circuit

C = g8, wfi

Rpé
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EXAMPLE

LASATTEIZA

g = 2.5 p=10°Qm (g=10% S/m)

t=10nm=10% m
r=150um=15-10"m

S=4rr2=28 - 10% m?

C =610 pF
R = 35 kQ

ICTP Trieste 1995
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EXAMPLE

TASAPTFMZA

1/oC (k€2)

260 R << l/oC — f< 1 kH7

20

R >> l/wC f> 100 kHz

FCTP Trieste 1995

TASATTELZA

Usually the circuital parameters are expressed
referring to an area of the membrane of 1-cm?

< UF
% (E:%?) RS (anﬂ)

i the previous example:

RS = 10%(CQcm?)
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NERNST EQUATION

1A SAPTFNTA

OUTSIDE Na*|. Q@@ K+, @@
[Na*], o022 [K*]e 06

MEMBRANE 1 clectric ficld J

INSIDE [Na*}; gg LK, ggg

Different concentrations of various ions
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EXPLANATION

LA SAPTFPTA

lons moves from the high concentration region to the
low concentration region. An electric field, that contrasts with
this flow, develops, and an equilibrium situation is reached.
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NERNST EQUATION

The difference of potential at the ends of the membrane
is evaluated with reference to the external potential

+
Vi = kI log [K J tipically for neurons Vk=-70 mV

(K™,
tipically for neurons Vg, = 50 mV

k = Boltzmann's ¢onstant
T = absolute temperature

q = ion charge
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HODGKIN - HUXLEY MODEL
INSIDE
'KJ/% lNl 'IJ%
VK
N

QUTSIDE

H‘I

Convention: Vm(t) inside relative to outside.
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CONNOR and STEVENS MODEL

I
I,,,. Toe -1sen2nrl u N}

INSJDE

ES % ok

TTTT

OUTSIDE

. Circuile! model of & neuronal cell membrane,
Exgciling curren!:l.”,. Hembrane res'l:mrasz:\»’M
Paramelers shown in (he ligure ore discussed

in{a): U (1) is the Heaviside funclion,
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s MEMBRANE RESPONSE
o SIMULATED

T

TR TTE T e Thr e e 4« 6 B 10 1z 14 5
v is) L(s)

F1G 78 . Mansrang responte to o DC current T, + OS5 04 T16 2. The ssme a5 FIG 25 with the eddition of the stnusaidal
1he current 15 applied at L=0  The Inlerval 35 ccmpoacnt of the appleed current. T ¢ 30 aA =T Hz

betwen L an AF 5 cen be conlrolleg by varying [,
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Y MEMBRANE RESPONSE
EXPERIMENTS

LA SAMENTA

TG B. Pecordings af Lhe 1rensmembrene vollage versus
time for & pacemaiker neuren slimulaled by o sinusoida?
corrent { €2 70Hz o} T 250800 T2 t504
SumuTalion Limewidlh indicates by arrows
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LA SAPTFNZA

ffHz —
A TR

Threahold values of the electrle current denslty for different biological effects.
IUTE Stimulation of sensory receptors immediately underneath surface electrodes;
by - E)sz ventrlcular fibrillation thresholds for stimulation times of 1 second or longer (different
authors, see text);
thresheld curve for extra-systele elicitation, stimulation 1 second or longer;
extra-cetlular stimalation threshelda af aingle cells,
frequency dependence of stimulation threshalds for nervel/muscle systems;
“envelope® threshold value curve for stimulating effects,
'
i
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PROTECTION STANDARDS
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BASIC DOSIMETRIC PARAMETERS

f<0.} MHz ’

Internal current density

ANSI [imit F< 35fup, mA/cm?2
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BASIC DOSIMETRIC PARAMETERS

0.1 <f <6000 MHz

Whole body average SAR; local peak SAR
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Ex i 4 K5 .

IEEE/ANSI LIMIT
CONTROLLED ENVIRONMENT

Whole body average SAR < 0.4 W/kg

Local peak SAR < 8 W/kg
(averaged over any lg of tissue)
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IEEE/ANSI LIMIT
UNCONTROLLED ENVIRONMENT

Whole body average SAR < 0.08 W/kg

Local peak SAR < 1.6 W/kg
(averaged over any lg of tissue)
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SAR FOR DIFFERENT SIZE HUMANS
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Ht=1.75m Wt=70kg
................. Wt=32kg
_________ Ht=0.74m Wt=10kg
_____ Plane

NORMAL TZED SAR

FREQUENCY (MHZ)
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POWER DENSITIES LIMIT SAR TO 0.4 W/kg

—_ ANSI (Sep B82)
Wt=70kg
..... He~32kg
—— Ht=0.74m Wt=10kg
.. Man on Gd Plane

(mW/cm®)

AVERAGE POWER DENSITY

FREQUENCY (MHZz)

B
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