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A SILICON SENSOR BASED RADON MONITORING DEVICE 
AND ITS USE IN ENVIRONMENTAL GEOPHYSICS

András VÁRHEGYI* and József HAKL**

In the past few years a new, silicon sensor based radon monitoring device has been developed 
in Hungary. Silicon detectors are simple, such devices have extremely low power requirements, and 
they are resistant to humid environmental conditions.

The DATAQUA radon monitoring system has been used in various field environments, 
primarily underground (mines, caves, boreholes, cellars) where — in certain periods — extremely 
high Rn-222 concentration may persist. High resolution recordings of radon level indicate very wide 
temporal variations and show different degrees of correlation with environmental parameters 
(temperature, barometric pressure, etc.), depending on the characteristics of the given site. Since in 
some cases the radon concentration could reach the dosimetrically important limit, intervention is 
needed.

After a brief description of the system some representative results are presented together with 
qualitative conclusions concerning the behaviour of radon in an underground environment.

1. Introduction

Worldwide growing interest is being shown in simple environmental 
monitoring devices; in that these operate automatically, they can be left in the 
field for several months. The most important requirements for these devices 
are the very low power consumption and their resistance to harsh field 
conditions. The recently developed silicon photodiodes and PIPS detectors are 
able to fulfil these requirements [YAMAMOTO et al. 1987].

The idea of utilizing silicon detectors for field radon measurements (by 
alpha particle detection) came from Michel Monnin’s group (Laboratory of 
Hydrogeology, University of Montpellier, France), where HAMAMATSU 
photodiodes were used for radon detection in model experiments as long ago 
as in 1989 [VÁRHEGYI et al. 1992]. Since 1990 DATAQUA Electronic Ltd.
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(Balatonalmádi, Hungary) has developed the monitoring device to be presented 
here, and this work has been scientifically checked by the SSNTD (Solid State 
Nuclear Track Detector) Group of the Institute of Nuclear Research (Debrecen, 
Hungary). Financial support for the development came partly from the National 
Scientific Research Fund (OTKA No. 2011), partly from Mecsekurán Ltd. 
(Pécs, Hungary), where the first field tests were performed.

2. DAT AQUA single- and multi-channel monitoring device

The DAT AQUA system is divided into two separate parts: the measuring 
and data-storing unit (MDU) built together with the different sensors, and the 
data read-out unit (DRU). The microprocessor-controlled MDU is installed at 
the monitoring site, it performs the measurements with pre-adjustable sampling 
period (range: 1 minute to 4 hours), and stores the data in electronic memory 
(RAM). The MDU is able to operate for several months without attention, 
battery replacement is needed only once or twice a year. The user can gather 
the data by the DRU from several monitoring devices and transfer them directly 
into an IBM compatible computer. The block-diagram of the DATAQUA 
system is shown in Fig. 1.

For radon detection an alpha-sensitive HAMAMATSU photodiode (sen
sitive area: 1 cm2) or a CANBERRA PIPS detector (sensitive area: 3 cm2) is 
used. The multi-channel device can include — apart from the radon detector 
— other auxiliary sensors for temperature, pressure, humidity, water level

PRESSURE
SENSOR

MEASURING UNIT

Fig. 1. Block diagram of DATAQUA radon monitoring system 
1. ábra. A DATAQUA radon monitoring rendszer blokkvázlata
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variation, water conductivity, etc. measurements. The cross-section of one- 
and multi-channel instrument is presented in Fig. 2.

SINGLE-CHANNEL 
RADON MONITOR

MULTI-CHANNEL 
MONITORING SYSTEM

Fig. 2. Cross-section of single- and multi-channel DATAQUA radon monitoring device 
2. ábra. Egy- és többcsatornás DATAQUA radon monitoring műszer keresztmetszete

The monitoring device is highly resistant to harsh field conditions, first of 
all to humidity, thanks to the water-proof casing. It is suitable even for 
underwater measurements. The possible fields of application are monitoring in 
air (dwellings, cellars, open-air); in boreholes or wells, either above or below 
the groundwater level; in soil; in mines or caves; etc.

3. Comparison with other methods, calibration

The usefulness of the radon monitoring device was first proved in Mátyás 
Cave Geophysical Observatory of ELGI, Budapest. The alpha, beta and gamma
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Fig. 3. Alpha, beta and gamma time series recorded at the same site — Mátyás Cave Geophysical
Observatory, Budapest

3. ábra. A  budapesti Mátyás-hegyi Geofizikai Obszervatórium azonos pontján regisztrált alfa,
béta és gamma idősorok

activities of air were simultaneously recorded at the same point. For alpha 
detection, the DATAQUA radon monitoring system was used: beta and gamma 
detection were performed by scintillation detectors routinely used in the 
Hungarian uranium industry. The diagram indicates good correlation between 
the three methods, see Fig. 3 (the reason for variation is mainly meteorological; 
additional details are given in Section 7.). From the results a number of 
conclusions can be derived; these are summarized in the Table I. Alpha 
recording gave a very good result, the only drawback is the low counting rate 
resulting from the relatively small active area (1 cm2) of the detector.

The energy spectrum of the HAMAMATSU photodiode in Fig. 4 indica
tes that both the Rn-222, and the short lived alpha emitting daughter products 
make a significant contribution to the counting rate if the level of comparison 
has been adjusted to be as low as possible (just above the electrical noise). The 
contribution of Po isotopes is peak-like because of their deposition on the 
detector surface, however the Rn behaves in a different way because of its 
homogeneous distribution in air space. Although it is not exploited, the 
possibility of energy-selective measurement is present.
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Fig. 4. Energy resolution of HAMAMATSU photodiode in radon-rich air 
4. ábra. A HAMAMATSU fotodióda energia-felbontása radon-dús légtérben

Record type ALPHA BETA GAMMA

Detection of radon: direct indirect indirect
Counting rate: low medium high
Dynamics of variation: high high low
Background value: zero medium high
Detector type: silicon plastic NaI(Tl)
Device construction: simple complex complex
Power consumption: low high high
Humidity resistance: good poor poor
Manufacturer: DATAOUA NUKLEX NUKLEX

Table 1. Comparison of alpha, beta and gamma recording for radon monitoring in air 
/. táblázat. Alfa, béta és gamma észlelések összehasonlítása légköri radon-monitoring esetében

The DATAQUA radon monitor was calibrated by comparing it with other 
radon monitoring devices (LR-115 П. and CR-39 solid state nuclear track 
detectors, ATMOS and EBERLINE monitors). The DATAQUA monitor gives
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one impulse per hour for 140 and 56 Bq/m3 Rn-222 concentration, respecti
vely, for the HAMAMATSU and CANBERRA detectors. These values deter
mine the sensitivity of the corresponding instruments in terms of counting 
statistics.

4. Radon monitoring stations in Hungary

In many places of Hungary radon monitoring stations have been installed. 
At these sites the radon concentration together with other environmental 
parameters are continuously recorded with one measurement per hour sampling 
frequency. The main aims in operating these monitoring stations are:

— to indicate wether or not there are extremely high radon concentra
tions in rooms where people live or work (dwellings, cellars, caves, 
coal mine, uranium mine);

— to obtain the radon output activity of some objects of interest 
(uranium mine, mill and tailings, coal mine and power plant, coal 
ash tailings, etc.) into the environment;

— to study the relationship between the variation of radon concentra
tion and other environmental parameters (air temperature, baromet
ric pressure, water level variation, etc.);

— to reveal the connection — if any — between radon exhalation and 
geodynamic events (earthquakes, fault movements, rock explosions 
in the mine, etc.).

In the following part some representative results of continuous radon 
monitoring are presented.

5. Radon monitoring in deep mines

In closed, underground places extremely high radon concentration (a 
couple of tens up to hundred kBq/m3, see the examples below) may occur in 
the absence of ventilation, even in rocks of average radionuclide content 
(2-3 ppm U and 8-10 ppm Th). Consequently, the quality and the operation 
of a ventilation system and its efficiency in underground mines has a very 
important role in the health protection of workers. The problem is more acute 
in underground uranium mines, where several thousand ppm U content of rocks 
is typical.

In Fig. 5 a diagram recorded at a depth of 1000 m at one of the workplaces 
of the Mecsekurán mine can be seen. At that site there was partial ventilation 
only (the fresh air is transported by plastic tubes to the workplace and returns 
through the drift). The arrow in the figure represents the maximum acceptable 
radon progeny level in the mine (1 working level, WL = 3.7 kBq/m3; in our
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Fig. 5. Radon and air temperature diagrams recorded at a partially ventilated, 1000 m deep 
underground workplace of Mecsekurán Ltd.

5. ábra. A Mecsekurán Kft. egy parciális szellôztetésü, 1000 m mélységű földalatti munkahelyén 
felvett radon és léghőmérséklet regisztrátum

conditions the equilibrium factor between radon and its progenies falls between
0.1 -  0.3). The conclusion is that if the ventilation is strong enough it can 
maintain an acceptably low radon concentration at the site, but it requires large 
amounts of fresh air and energy. However, in the case of no ventilation — for 
example during weekends — the radon concentration abruptly builds up to a 
veiy high level. As a result of our measurements, the start time of the main 
ventilation system of the mine has been brought forward 2 hours earlier than 
before (from Sunday midnight to 10 p.m.). The radon level recorded inside the 
main air shaft of Mecsekurán mines is shown in Fig. 6. An enormous amount 
of air (20 million m3 per day) enters the atmosphere characterized by 20- 
50 kBq/m3 radon concentration. The daily and weekly periodicity of the 
diagram is well recognizable. The exact radon activity output for a given period 
can be calculated as a product of the air output and the recorded radon 
concentration.

Along the average wind direction at a distance of 200 m from the air shaft 
mentioned above, the radon concentration is satisfactorily low, (< 50 Bq/m3) 
and it has not shown noticeable periodicity and correlation with the meteoro
logical parameters. More details on the utilization of radon monitoring in 
mining are given in VÁRHEGYI, BERTA [1994].
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Time
Fig. 6. Radon concentration of output air recorded in the main ventilation shaft of Mecsekurán

Ltd.
6. ábra. A Mecsekurán Kft. fő szellőztető aknáján távozó levegő radonkoncentrációja

6. Radon monitoring in geophysical observatories

Geophysical-geodynamical observatories are generally located in closed, 
underground sites to ensure stable conditions and constant temperature. These 
conditions are suitable for the geophysical instrumentation but — due to the 
high radon level there — they may be dangerous for those who work in such 
places. Observatories are the optimum places for radon monitoring stations 
giving the possibility of comparative interpretation of radon time series with 
Sie geodynamic data.

In Fig. 3 a short time series is presented, in Fig. 7 a three years long one, 
recorded in the Mátyás Cave and Sopron-Bánfalva Geophysical Observatories, 
respectively. The former site is a separated part of a natural karstic cave system, 
the latter is an artifical underground exploration drift. Both the daily periodicity 
on the shorter diagram and the yearly variation on the longer one are well 
recognizable, which originate from the variation of meteorological parameters 
(primarily temperature). The correlation between the logarithm of radon level 
and outdoor temperature is surprisingly strong at Sopron-Bánfalva, and the 
Rn-222 concentration may reach an extremely high level (up to 500- 
1000 kBq/m3) in the summer months. The most plausible explanation for
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Fig. 7. Three years long radon concentration diagram together with the outdoor average 
temperature, recorded at the Sopron-Bánfalva Geophysical Observatory 

7. ábra. A Sopron-Bánfalvi Geofizikai Obszervatóriumban felvett hároméves radonkoncentráció
és külső átlaghőmérséklet idősor

radon behaving in this way is the opposite direction of air flow in the summer 
and winter periods, due to the temperature (and consequently to the specific 
weight) difference between the air indoors and outdoors. The barometric 
pressure also influences the radon level (inverse correlation) but to a lesser 
extent and on a smaller time scale than temperature.

One practical result of the radon recording is the dose limitation interven
tion for the workers (air masks, residing time restrictions, etc).

7. Radon monitoring in caves

Because of its radioactivity, radon is an excellent tracer for air flow studies 
in caves. The improved possibilities of continuous radon monitoring ensured 
the refinement o f theories concerning the ventilation system of different kinds 
of caves.

A diagram recorded in Abaliget Cave is shown in Fig. 8. Besides the radon 
concentration, the outdoor temperature was also recorded. From the radon 
concentration point of view, the tube-like cave behaves like a ‘bistable multi-
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Fig. 8. Ventilation system like a ‘bistable multivibrator’: radon and outdoor temperature time 
series recorded in Abaliget Cave

8. ábra. „Bistabil multivibrator” tulajdonságot mutató szellőzési rendszer: az Abaligeti 
Cseppkőbarlangban regisztrált radon és külső hőmérséklet idősor

vibrator’ (it means that the radon concentration has two stable states, a low and 
a high level, and the change between these states takes place very abruptly). 
This behaviour can be derived from the temperature variation outdoors (in the 
cave the temperature is practically constant). In the summer months, when the 
outdoor temperature is permanently higher than in the cave, the air always flows 
out from the cave and draws out the radon from the fractures. At that time the 
radon concentration in the cave is high (some kBq/m3) and practically constant. 
In winter the situation is the opposite: cold air flows into the cave and forces 
the radon back to the fracture system; consequently the radon level in the cave 
is stable and relatively low (100 Bq/m3 order of magnitude).

In the intermediate periods (spring and autumn) abrupt daily changes can 
be observed between the low and high levels of radon concentration governed 
by the daily variation of temperature outside, which determines the direction 
of air movement in the cave. The observed phenomenon is in good agreement 
with the ventilation model of tube-like caves [GÉCZI et al. 1989].

Quite another behaviour is exhibited by Cserszegtomaj cave (Fig. 9). 
While the ventilation system of Abaliget Cave is governed purely by tempera
ture difference, Cserszegtomaj Cave is completely pressure-determined. Be
cause of the geometrical situation of the cave (the only entrance opens into the
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Fig. 9. Anticorrelation between barometric pressure and radon concentration: time series 
recorded in Cserszegtomaj Cave

9. ábra. A Cserszegtomaji Kútbarlangban felvett légnyomás és radon-koncentráció görbék
antikorrelációja

bottom of a deep, dry well), a significant ventilation system cannot build up, 
consequently the barometric pressure variation determines the direction of air 
flow at the air-rock interface. More (also quantitative) details about this 
phenomenon can be found in the paper of HAKL et al. [1994].

The radon level in certain caves and in certain periods (especially in 
summer) can lead to significant dose rates. We called the attention of the health 
authority to the fact that the extra dose rate coming from the radon progenies may 
in some cases exceed the average annual effective dose equivalent value (in 
Hungary it is 2.4 mSv/year) for those who work as guides and as cave therapists.

8. Radon monitoring in dwellings

In the last few decades it turned out that the radon concentration in certain 
houses, dwellings and cellars may exceed the acceptable level (depending on 
the health regulations of the given country, this value is about 200-400 Bq/m3). 
Unlike in many countries of Europe, there were no statistically acceptable
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numbers of surveys on this topic in Hungary, although sporadic measurements 
also indicate the existence of the radon problem.

One example of the above phenomenon was recently revealed in Mátra- 
derecske village (Northern Hungary), where the extremely intensive geogas 
upflow rate causes high C 0 2 and radon levels in particular groups of houses. 
In Fig. 10 a one week long diagram is presented, measured in a bedroom at 
Mátraderecske. Due to the unacceptably high radon values, some houses of the 
village had to be evacuated. The correlation between the radon level and air 
temperature and the inverse correlation with the barometric pressure calls 
attention to the importance of meteorological parameters in such situations.

Fig. 10. Radon, air pressure and temperature curves recorded in a bedroom in Mátraderecske
village

10. ábra. Mátraderecskén, egy hálószobában regisztrált radon, légnyomás és hőmérséklet görbék

9. Radon monitoring in observation wells

The basic aim of radon observation in boreholes and wells is to find a 
correlation between the recorded parameters and geodynamic events. In the 
Carpathian basin some observation wells (Kunadacs-1, etc.) are sensitive from 
the geodynamic point of view: during some earthquakes or other geodynamic 
events the water level in the wells abruptly changes by several centimeters 
[RÓNAI 1985]. The lunisolar effect is also observable on the water level time 
series of these wells.
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A  typical time series can be seen in Fig. 11, measured in Abaliget-4 
observation well, south Hungary. This well is perforated below the karstic water 
table. The radon detector is situated 1-2 m below the water level, which is at a 
depth of 18 m from the surface. The radon time series is characterized by 
marked variation through a relatively long time period, whose origin is 
unrevealed until now. Spectrum-analysis indicated that the water level follows 
the lunisolar field with a centimeter order of magnitude. The radon series is not 
influenced by the lunisolar effect.

Fig. 11. Water level and radon concentration variation recorded in Abaliget-4 karstic observation
well

11. ábra. Az Abaliget-4 karsztvíz megfigyelókútban észlelt vízszint és radonkoncentráció
ingadozás

10. Conclusions

The field results prove the usefulness of the DATAQUA radon monitoring 
system. The advantage of this monitor compared with the traditional solid state 
nuclear track detector technique is obvious: the time resolution of observations 
has revealed previously unknown details of temporal variation. However, 
enormous efforts are required to analyse and interpret the great amount of time 
series recorded. The authors would readily share the recorded data with 
scientists who work in similar fields, in the hope of common scientific 
advances.
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EGY SZILÍCIUM DETEKTOROS RADON MONITORING MŰSZER ÉS 
KÖRNYEZETGEOFIZIKAI ALKALMAZÁSA

VÁRHEGYI András és HAKL József

Az utóbbi években egy új, szilícium detektoros radon mérőeszközt fejlesztettünk ki Magyar- 
országon. A szilícium detektor alkalmazásával biztosítható az egyszerű felépítés, a rendkívül 
alacsony energiafogyasztás és a nedves terepi körülmények közötti működés.

A DATAQUA radon monitoring rendszert különféle terepi körülmények között alkalmazzuk, 
elsősorban földalatti térségekben (bányákban, barlangokban, fúrólyukakban, pincékben), ahol — 
bizonyos körülmények között — extrém magas Rn-222 koncentrációk fordulhatnak elő. A radon- 
szint nagyfelbontású regisztrálása igen széles időbeli változásokat jelez és különböző mértékű 
korrelációt mutat a környezeti paraméterekkel (hőmérséklettel, légnyomással, stb.), az adott megfi
gyelőhely jellemzőitől függően. Néhány esetben a radonkoncentráció sugárvédelmi szempontból 
jelentős értékeket érhet el, következésképpen beavatkozás válik szükségessé.

A cikkben a rendszer rövid ismertetése után néhány jellemző alkalmazást mutatunk be 
elsősorban a kömyezetgeofizika területéről és levonjuk azokat a legfontosabb következtetéseket, 
amelyek a radon felszínalatti viselkedését jellemzik.
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INTERNATIONAL CONGRESSS ON 
ENVIRONMENTAL/CLIMATE

UNESCO, The European Commission, and the Italian Government are sponsoring the 
International Congress and Exhibition on Environment/Climate to be held in Rome, Italy, 
March 4-8, 1996.

The program will include:

Environment: Climate:

Environment technologies 
Methods for monitoring environment 
Natural hazards and risks 
Risks to human health 
Industrial safety
Contamination of soil, water and air 
Technologies to protect cultural heritage 
Measurements in environment 
Geophysical and remote sensing methods

Impacts of climate change 
Water resources 
Land resources 
Agriculture and climate 
Simulation of climate 
Climate variability 
Atmospheric processes 
Climate and biodiversity 
Terrestrial ecosystems

The deadline for Abstracts (maximum 2 double-space A4 pages including figures) is October 
15, 1995. Registration fee is 320 USD. If paid by October 15, 1995, the fee is 250 USD. Student 
pay 25 USD. The participants of the Congress and Exhibition will receive the UNESCO certificates 
of recognition.

The Abstracts should be sent to:

Prof. Philip Carrion 
Technical Chairman
International Congress on Environment and Climate 
OGS, P.O.Box 2011, Opicina (TS), Italy 34016 
Tel 39 40 2140 203, Fax 39 40 327 307 
E-mail carrion&tango.ogs.trieste.it
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The Association of Hungarian Geophysicists decided at its annual meeting 
to establish the “Foundation for Hungarian Geophysicists” and elected its first 
Advisory Board for 3 years. The foundation has been started with a moderate 
initial capital of 300 000 HUF, which has by now increased to more than 3 
million and it is open for everybody.

The aim of the foundation is to help Hungarian geophysicists. There are 
two main target groups whose application for grants will be accepted with 
preference: young geophysicists needing assistance (travels, participation at 
conferences, publications,post-graduate education etc.) at the beginning of their 
professional life as well as retired and unemployed colleagues whose economic 
and social position became especially unfavourable.

The nine members of the Advisory Board invite everybody to join this 
foundation; donations should be communicated with the Board. Organisations 
and persons donating sums exceeding the initial capital will have the opportuni
ty to delegate representatives into the Board. Detailed information is available 
at the following address :

Advisory Board of the 
“Foundation for Hungarian Geophysicists”

H-1371 Budapest, P.O.B. 431 
Budapest, I., Fő u. 68.

Telephone 201-2011/590 
Telex 22-4343 

Telefax 156-1215
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