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 LF HF UHF Microwave 
Band 125 kHz, 

134 kHz 
13.56 MHz 433 MHz, 

865 MHz, 956 MHz 
2.45 GHz, 
5.8 GHz 

Typical reading range 30 cm 1 m <10 m passive tags, 
up to 100 m active 
tags 

Up to 10 m 

Typical data rate <1 kbps Tens of kbps 10 - 100 kbps 100 kbps 
Main characteristics Short range, 

low data, 
penetrates 
metal 

Good range, 
good rate, 
penetrates water 

Very good range, 
high rate, can’t 
penetrate water or 
metal 

Very good range, 
high rate, can’t 
penetrate water or 
metal 

Applications Animal ID, car Smart label, 
contactless card, 
access control, 
security 

Tracking, logistics, 
automation 

Moving objects 
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Operating 
Frequency 

Minimum 
Operating 

Power Supply 
( ICminP ) 

Input 
Impedance 

(Z) 

Input Parallel 
Capacitance 

( ICC )/ 

Resistance ( ICR ) 

Parallel 
Assembly 

Capacitance 
( asC ) 

840-960 MHz 15− dBm up 
to 18− dBm 

24 195j−  890 fF/1.7 kΩ 100� fF 
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Project Cell line Exposure System Vessel Biological End-Point 
PERFORM B  
In-vitro and in-vivo 
Replication Studies 
Related to Mobile 
Telephones and Base 
Stations  

Human 
lymphocytes  
(24 h)  

Short-circuited 
waveguide  
(900, 1750 MHz) 

Petri dishes Proliferation index, genotoxicity,  

 
ODC enzyme in 
L929 cells,  
(2, 8, 24 hrs) 

TEM Cell (fan on/off) 
900 MHz, 
STUK resonator 
(shorted-waveguide 
chamber, 900 MHz) 
WPC (900 MHz) 

Petri dishes 
ODC activity, apoptosis, 
proliferation, lipid peroxidation). 

CRADA-CTIA 
Evaluation in human 
peripheral blood 
lymphocytes of the 
exposure to radio-
frequency radiation by 
micronucleus frequency 
and cell proliferation  

Human 
lymphocytes  
(24 h) 

WPC (900 MHz, GSM 
signal) 

Petri dishes genotoxicity 

RAMP:  
Risk assessment for 
exposure of nervous 
system cells to mobile 
telephone emf: from in 
vitro to in vivo studies 

Neuroblastoma 
cell line 

WPC (900, 1750, 1950 
MHz) 

Petri dishes 
Proliferation, apoptosis, gene 
expression, differentiation 

 

hippocampal 
and cortical 
neural culture 
(from a few 
minutes to a few 
hours) 

TEM cell 
(900 MHz) 

Multiwell 
plates 

apoptosis, gene expression, 
differentiation; activation and 
inactivation kinetics; changes in the 
ratio of the different calcium 
channel subtypes 

 Rat neurons  
Coplanar waveguide 
900 and 1800 MHz Petri dishes changes in ionic currents (e.g. Ca++) 

REFLEX  
Risk Evaluation of 
Potential Environmental 
Hazards from Low Energy 
Electromagnetic Field 
(EMF) Exposure Using 
Sensitive in vitro Methods 
 

Human 
peripheral blood 
mononuclear 
cells 
(lymphocytes 
and monocytes) 
from young and 
elderly donors. 
Human newborn 
(5 days-8 
months) 
thymocytes. 

Short-circuited 
waveguide 
(1750 MHz, GSM 
DTX and Talk) 

Petri dishes 

spontaneous apoptosis, 
mitochondrial membrane potential, 
expression of membrane receptors, 
cytokine production, activation and 
proliferation, cell cycle and HSP 70 
levels. 
apoptosis and differentiation 

CEMFEC:  
Combined Effects of 
Electromagnetic Fields 
with environmental 
carcinogens 

murine NIH 
3T3 
(fibroblasts) and 
L929 
(fibrosarcoma)  
1h on,1h off,1h 
on; 3h; 1h; 30 
min; 

Rectangular 
waveguide 
900 MHz 

flasks 

Oxidative stress, Cell cycle and cell 
proliferation, Gene Expression, 
Apoptosis, Mitochondrial membrane 
potential modifications 
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Exposure System Number* Efficiencies (W/kg)/W 

Modified rectangular 
waveguide 

2 

Modified stripline 1 

Parallel plates 1 

Propagating 

Coplanar waveguide 1 

WORST CASE 
 
0.035  
(Parallel plates at 
700 MHz [53])  
 

BEST CASE 
 
3300  
(Modified rectangular 
waveguide for pulsed 
fields at 9200 MHz 
[46])  

Real time 

Resonant 
Modified short-circuited 
rectangular  

1 2 (at 1000 MHz [16]) 

Horn rectangular 2 

Radiating 

Dielectric Lens 1 

0.175  
(Dielectric lens at 2000 MHz [17]) 

TEM/GTEM cell 7 

Rectangular 5 

Cylindrical  1 

Radial Transmission Line 2 

Propagating 

Other 2 

WORST CASE 
 
0.016  
(RTL at 835 MHz 
[22])  

BEST CASE 
 
8.6  
(Cylindrical 
waveguide at 1900 
MHz [15])  
 

Short-circuited rectangular   3 

Parallel plates 1 

Offline 

Resonant 

Wire patch cell 2 

WORST CASE 
 
0.46  
(WPC at 900 MHz 
[18])  
 

BEST CASE 
 
10÷50  
(Short-circuited 
waveguide at 1800 
MHz [27])  

* number of found exposure systems based on the same EM structure 
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 to a 900 MHz plane wave, with an incident power of 1 mW/cm . 
 

Sample Holder Average SAR 
(mW/kg) 

Standard Deviation  
(mW/kg) 

60 mm Petri dish with 5 ml 0.71 0.41 
35 mm Petri dish with 3.1 ml 0.12 0.098 
T25 Flask with 5 ml 1.02 0.36 
T75 Flask with 40 ml 0.34 0.19 
14 ml Tube with 10 ml 5 × 10-3 6.39 × 10-5 
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