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1. Introduction 
Instruments based on collection of RaA (218Po) by an electric field on the surface of the 
semi-conductor detector are generally used to measure the radon concentration. The principle 
was published long time ago - see the references in the work by Hopke [1] and a number of 
authors have dealt with the aspect of the dependence on humidity - neutralisation of RaA and 
the effect of "trace gas" [1,2,3]. The commercial RD-7 instrument (from the Durridge 
Comp., USA), several types of instruments from the Sarad company, the upgrade of the 
WLM-30 instrument and Radim 1 (the Plch SMM company), based on this principle, exhibit 
a considerable dependence on the humidity, as calculated by Hopke [1] and Porstendörfer 
[2] and determined experimentally by Howard [3] and other authors.  
In 1996,  considerable attention was paid to a propsal for the optimal shape of the chamber 
using computer modeling so that the electrostatic lens would be as effective as possible. 
The Radim 2 monitor was developed, and exhibited extremely favorable parameters, i.e. 
high response of about 0.8, and low dependence on the humidity and working parameters - for 
details, see below. A total of 87 Radim 2 monitors were manufactured. The instrument was 
innovated in 1998 and the Radim3 instrument appeared; this employed an identical detection 
chamber, but was fitted by low-power electronics - the instrument is powered by a battery - 
the results are automatically corrected for the absolute humidity, etc. A total of 96 Radim 3 
instruments were manufactured. In the Radim 4 instrument, which is intended for measuring 
radon in water, and in the Fritra 4 instrument (measuring radon, all decay products), a 
chamber with the same shape as for Radim 3 is used; however, it is closed by a Cu-metal cap, 
with the same shape as the screen - the chamber is thus closed and is filled by an external 
pump. 
 
2.0 Description of the monitor Radim3 and Radim4 
A cross-section through the chamber Radim3 is depicted in Fig. 1 and chamber of Radim4 is 
depicted in Fig.2.   
Electronics: the signal from the semi-conductor detector is processed by a charge-sensitive preamplifier and 
then amplified in a spectrometric amplifier. The signal from the amplifier is fed to a single-channel amplitude 
analyzer in which a window is adjusted around the RaA peak. 
 
Fig. 1- Cross- section through the chamber Radim3           Fig.2- The chamber of   Radim 4 and Radim3 No.95 
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3.- The properties of Radim2, Radim 3 monitor, filled by the diffussion 
 
3.A - The humidity dependence of the response of Radim2 and Radim3 monitor 
Compared to competitive instruments, the Radim2 and Radim3 instruments exhibit very low 
humidity dependence, which is linear in a broad range of relative humidities (hereinafter RH).   
The humidity dependence was determined repeatedly by the manufacturer, several times at 
The Authorised Metrological Center of Czech Republic (AMC), at National Radiation 
Protection Institute - Prague (hereinafter NRPI) and in the laboratory of the University in 
Gent.  
The measurement of the humidity dependence for repeated several times in 2003 with Radim3 
monitor No.93 ( the monitor has an optimal covering of the detection chamber). Fig.3 depicts 
the typical result of one measurement. Thus the average value of the slope of the dependence 
on RH for instrument R3 No. 93 is  - 0, 0017 ± 0.0007  and the average value of the slope of 
the dependence on AH for instrument R3 No. 93 is:  - 0, 0061 ± 0.002.  When the relative 
humidity changes from 50% to 90% the response  decreases for 6.5% ( the results of 
Radim3 measurement are automatically corrected for humidity)  
 

Fig.3 - Humidity dependence of the response of the Radim3 No.93
(manufacturer`s experiment in 2003, the response determined using AlphaGuard)

Response ((counts/hour)/(Bq/m3)) = -0,0015 RH + 0,9858
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3.B - Decrease in sensitivity caused by VOC. 
Posterdörfer [2] and other authors  state that increased neutralisation of 218Po+ ions  occurs 
through the effect of admixtures that have a lower ionisation potential than PoO2 (Po does not 
exist in the free form, but forms an oxide with atmospheric oxygen), equal to 10.44 eV (Chu 
and Hopke[5]). The work of Busigin [4] gives the curve of the dependence of the collection 
efficiency on the concentrations of various admixtures. The "worst" admixtures seem to be 
ethylene and NO2 (ionisation potential 9.74 eV). Hopke [1] pointed out that an increase in the 
concentrations of NO2 and VOC above 100 ppb can cause a significant decrease in the 
efficiency of equipment based on collection of Po ions.  
Consequently, we have carried out experiments in 2003 to determine the effect of VOC. 
The Radim2P-REF, Radim3 No.93, No.94 and No.95 ( closed chamber, filled by a pump) 
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instruments were employed in the experiments. Tab. 1 summarizes the results of the relative 
decrease in the measured radon concentration in the individual experiments with injection of 
VOC. A similar procedure was employed for injection of benzene, which has a very low 
ionisation potential of 9.24 eV. 
 
Tab. 1 - The effect of VOC  
 
Experiment Injected Instrument Decrease (%) Note 

R3 No.93  -( 49 ±1.2) ACETONE1 0.5 g liquid  
R3 No. 94 -( 59 ±2.2) 

Enormous 
concentration 

R3 No.93  -( 5.5 ±2.6)  ACETONE2 100ppm –gas  
R3 No. 94 -( 5.7 ±2.2)  
R2PF-REF -( 0.3 ±2.6)  ACETONE3 100ppm –gas  
R3No.95 
(closed chamber) 

-( 0.6 ±3.1)  

R3 No.93  -( 4.7 ±2.1)  ACETONE4 500ppm –gas  
R3No.95(closed) -( 19.1 ±3.5)  
R2PF-REF -( 2.6 ±1.4)  ACETONE5 500ppm –gas  
R3 No. 94  -( 1.5 ±3.1)  
R3 No.93  - 3.0 Temporary change Acetic Acid1 50ppm- gas 
R3No.95(closed) 0 Temporary change 
R3 No.93  -( 2.8 ±2.1)  Acetic Acid1 500ppm- gas 
R3No.95(closed) -( 1.7 ±4.4)  
R3 No.93  -( 5.4 ±1.3)  Benzene1 100 ppm- gas 
R3No.95(closed) -( 19 ± 4)  
R2PF-REF     0 ± 1.5  Benzene 2 100 ppm- gas 
R3 No. 94      0 ± 1.8  

 
In the experiments denoted as "smoke", smoke from about 1/2 cigarette was injected into the 
closed 100l -barrel, where the instruments were inserted - i.e. there was a very high 
concentration in the barrel (according to the author - a smoker, the smoke from two cigarettes 
creates a aerosol concentration in a room with a volume of approx. 75 m3 that increases factor 
F (EER/RC) from 0.2 to 0.6 - i.e. the aerosol concentration in the room must be about 200 000 
particles/cm3). The concentration in the barrel must thus be 200 to 500 times higher. The 
results of the "smoke experiment” are given in Tab.2 
 
Tab.2- Effect of smoke 
 
Experiment Injected Instrument Decrease (%) 

R3 No.93  -( 17 ±6.7) SMOKE 1 Smoke from half 
a cigarette R3No.95(closed) +( 18 ±3) 

R2PF-REF  -(12.7 ±4.0) SMOKE 2 Smoke from half 
a cigarette   

R3 No.93  -( 24.3 ±10) 
R3 No.94 -( 7.8 ±5.7) 

SMOKE 3 Smoke from half 
a cigarette 

R3No.95(closed) +( 19.9 ±5.8) 
R3 No.93 (felt) -( 9.8 ±3.2) 
R3 No.94(cloth) +( 3.9 ±2.4) 

SMOKE 4 Smoke from half 
a cigarette 

R3No.95(closed) -( 5.2 ±2.2) 
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3.C - Dependence of the response on F ( aerosol concentration) 
 
Experimental method: 
The following instruments were installed in the room: AlphaGuard, Radim3 No.93, Radim3 
No.95 (closed chamber, continuously filled by a pump through two paper filters and a 
Millipore filter), reference Radim 2PF and Fritra4. The Fritra4 monitor measures the  radon 
concentration, concentration RaA, RaB and RaC and  also all free fraction of radon progeny.  
Measurement on July 7, 2003 (high aerosol concentration) 
A lot of cigarettes were smoked in the room during the measurement (9 hours). The ratio 
radon to radon progeny, measured by Fritra 4 were as follows:   Rn:RaA:RaB:RaC:EER=  1: 
0.678:0.455:0.362:0.458. No free fraction was found . 
Measurement on July 22, 2003 (low aerosol concentration) 
Two air cleaners ( Bionar and TRION) were turned on during the night from July 21 to 22. 
The air cleaners were turned off in the morning. No one smoked in the room during the 
measurement (6 hours). The ratio Rn:RaA:RaB:RaC:EER=  1: 0.502:0.242:0.173:0.243. Free 
fraction: RaA= (285±34), RaB=(36 ± 4), when EER=  385 ±85 Bq/m3. 
 
Tab. 3 - The results of comparison of instruments with the AlphaGuard monitor - the table 

gives the ratios to AlphaGuard 
 
Instrument R3 No.93 R3 No.95 

Closed chamber 
Ref Radim Fritra4 

High aerosol 
concentration 
F= 0 .458 

0.944± 0.06 0.788±0.04 0.971±0.07 1.018±0.07 

Low aerosol 
concentration 
F= 0.243 

0.942±0.025 0.515±0.02 0.939±0.03 1.11±0.08 

Change (%): -1.4 -53 -3.4 +8.8 
 
 
3.D - Dependence of the response on radon concentration 
Porstendörfer [2] determined the rate of neutralisation of positively charged 218Po ions in the 
room on the ionisation rate, caused mainly by radon and its decay products and  stated that the 
occurrence of charged ions decreases rapidly with increasing ionisation rate - the 
concentration of positively charged ions decreases to 18% at radon concentration = 3000 
Bq/m3. It should be emphasised that these results are related to the occurrence of 218Po 
ions in the room; these ions are not collected by an electric field. Nonetheless, the 
following should be pointed out: 
The Radim monitors are usually calibrated by the manufacturer at radon concentration of 
approx. 10 kBq/m3 and are then tested at concentration from 50 to 500 Bq/m3. At AMC, 
monitors are routinely monitored at radon concentration between 1000 and 3000 Bq/m3; 
however, in type tests, monitors have also been tested at concentration of about 50 kBq/m3. 
Testing of Radim3 at BFS-Berlin was carried out at the levels: 1354, 9357 and 4217 Bq/m3. 
The Radim3/BFS ratio was (0.90 ± 0.07), 0.95 ± 0.08), (0.90 ± 0.08).. Conclusion: no 
dependence of the monitor response on radon concentration was never observed. 
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4.0 - Properties of the Radim monitor with closed chamber operated in the flow-through 
regime (Radium3 No.95) 
The experimental results can be summarised as follows: 
- The response is approx. 2-times lower compared to the monitor filled by diffusion (the 

efficiency of collection of Po ions is 0.46); 
- the slope of the dependence on the relative humidity is -0.0072, i.e. almost 4-times higher 

compared with the optimum cover of the detection chamber; 
- the shape of the dependence on the humidity is highly non-linear ( see Fig. 4) - i.e. the 

same as found by Chu and Hopke; 
- the response is highly dependent on the external aerosol concentration- see Tab.3   

 
 
 

Fig4- Humidity dependence of the response of the Radim3 No.95 instrument
(closed chamber, continuosly filled by a pump through two paper filters+ Millipore)-manufacturer`s experiment in 2003
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Possible explanations: 
- The chamber is filled at a flow rate of 1.5 l/min through a hole with a diameter of 3 mm. 

Thus, the outflow velocity is about  350 cm/s. 
- The high outflow velocity causes turbulent flow inside the chamber and increases "plate-

out" of  Po ions (the velocity of ions in the electric field is only 47 cm s-1 at the border part 
of the chamber). 

- Turbulent filling causes homogenisation of Po ions with OH groups ( see later) and thus 
the same situation occurs as in the normal, quiescent air without the effect of an electric 
field, where equilibrium is achieved amongst the individual components. 

The effect of external aerosols  concentration on the response is hard to explain, as the 
chamber was filled through a Millipore filter. The only explanation is that the filter allows 
passage of an "entity" in molecular form, which is bonded to aerosols at high  concentrations 
and is emitted into the chamber and decreases the response at low aerosol concentrations.  
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Conclusions drawn from the experimental results: 
1. Radim with diffusion filling of the chamber that is covered by the “right filter” 

exhibits enormous efficiency in collecting Po ions, which is slightly dependent on RH. 
The dependence is linear down to the lowest RH values.  

2. The decrease in the response with VOC is basically the same for all the instruments 
with the exception of the closed chamber and is acceptable, because the VOC 
(smoke) concentration was enormous in the tests. 

3. The decrease of the response at low  aerosol concentrations is significant for the 
Radim with the closed chamber, which is filled continuously during the 
measurements. If unsuitable chamber covering is employed, the effect of aerosol can 
be as high as 10%. 
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