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INTRODUCTION AND OBJECTIVES


 

inhibition of electronic systems


 

people neutralisation

BiologicalBiological and and healthhealth effectseffects of High Power of High Power MicrowavesMicrowaves (HPM)(HPM)

Literature


 

D’Andrea, Hjeresen, Raslear, Frei, Lu, Kues, Cain, Lin, Seaman, 
Oscar, Neubauer, Devyatkov, Bol’shakov


 

0.1 µs to some µs
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
 

If not thermal, specific effects of the electric field per se could occur 
from very high intensity MW electric pulses


 

Frequency:

 3.8 GHz: global absorption, near-resonance (SAR max)


 

Repeated pulses: cumulative process?

 Superradiance source S bandwidth

Mechanistic hypotheses
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SRS - source 
• Frequency 3.8 GHz
• Peak power 500 MW

• Electric field 600 kV/m

• Pulse duration 2.5 ns

• Repetition rate 100 pps

Material and Methods
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HPM Source

Circular design for 
homogenous exposure

Filtered Box

Plexiglas support
3 m

Chronic exposure SR-S
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Material and Methods

 Sprague-Dawley, 6-weeks old males, 24 rats/group; sham + exposed

 Scheme of the study: chronic exposure

Train duration 2 x 8 min, 10 min interval

Pulse number 2 x 48,000

1/day, 5 dys/wk x 8 weeks, boxes rotated each day

 Sacrifice at high morbidity (ethical) or at 103-104 weeks

 Histology and anatomopathology (HES coloration)

Biological studies
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Survival (days)

EX 19.5 
SH 23.8 

 

 

OR 3.5

CI 2.0-8.6

Medians
 

(months)
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

 
Arteritis



 
Inflammatory

 lesions
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Benine Malignant

Ex Sham Ex Sham
brain 4    ‐

pituitary 21    17    4    ‐
thyroid/

 parathyroid
trachea/pharynx

lung
heart

intestine 8    4   
lever ‐ 9   

pancreas 17    13    4    ‐
spleen

Lymph node/

 thymus/blood 17    ‐
adrenals 21    22    8    ‐
kidney 4    ‐
bladder
testes 4    ‐

prostata
preputial glands ‐ 4   

bone ‐ 4    4    ‐
eyes/ears 4    ‐

skin/sub‐cutaneous 38    26    13    13   
breast 8    ‐ 4    ‐

Tumours 
(%)
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Discussion
Acute exposure at the horn output 

• Survival: rats did not explode ! 

• Avoidance: huge effect at thermal level (22 W/kg)

• BBB: no effect at 10 GHz; see at 3.8 GHz

• Biological studies: 
 

GFAP; physiopathological meaning to deepen
Faraday Box

MFP Box 
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Discussion
Acute exposure at the horn output 

• Survival: rats did not explode ! 

• Avoidance: huge effect at thermal level (22 W/kg)

• BBB: no effect at 10 GHz; see at 3.8 GHz

• Biological studies: 
 

GFAP; physiopathological meaning to deepen

Chronic exposure at 3 m from the horn

Behaviour:  no effect on beam-walking and T-maze 
rotarod performances decreased ()

Chronic exposure: 
 

cancer
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Bias: RX

20 mGy/session 

= 46 mGy/hr acute (26 min) or 0.8 mGy/hr average (24h) : 

tumour incidence increase, but no survival decrease 

(M. Morin, CEA)
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Conclusions and Perspectives

HPM chronic exposure below thermal level: 
 

cancer

Larger group

Determination of a dose-response curve

Threshold

Improved dosimetry (SAR computing)

Different strain (Sprague Dawley prone to tumours) and species (mouse)
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

 
THEORETICAL SAR

TYPE DE FREQUENCE DUREE D’IMPULSION
SOURCE MFP GHz ns

loin de la source en sortie de source loin de la source en sortie de source
SR BANDE X 10 0.6 à 0.9 150 1500 0,75 7,5
SR BANDE S 3.8 1.6 à 2.5 150 1500 2,5 25

DENSITE DE PUISSANCE
MW/m2

DAS
MW/Kg

GANDHI MODELING



 
NORMES

seuil d’effet thermique : à 4 W/Kg, 
augmentation de 1°C 
puissance crête : 128 W/kg

Far field:

0,1 1 10 Fréquence (GHz)

1

0,1

0,01

DAS (W/kg) pour un champ incident de 1 mW/cm²
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A

S 
(W

/k
g)



SFRP-RNI, Paris DRC/VIVA/TOXI  01/02/2011    23/20

Behavioural studies
Open-field

• time spent, number of crossed areas, 
run distance

• central or peripheral part

5

4

3
2
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Beam-Walking
Training


 
Score: 1 per 50 cm success


 

Day 1: 50 cm, 5 trials (score 1)


 
Day 2: 4 trials: 0.5 m (1), 1 m (2), 1.5 m (3), 2 m (4)


 

Day 3: 4 trials: 2 at 1 m (2x2), 2 at 2 m (2x4)


 
Day 4: 3 trials at 2 m (3x4)


 

total score: 39

Test


 
Day 5: 3 trials at 2 m
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Blood-Brain-Barrier
Mean spot number per slice (N=10)


 
1.1 to 1.6


 

2.1 to 2.4


 
3.1 to 3.4
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