Development of a Continue, Intelligent, Autonomous, Real Time Monitoring and Alarming System for Radon Detection in Ground Water

S. Abbad1, M. Abbad1, C. Bertrand2, P. Danihelka3, G. Patané4. C. Mario4, S. La Delfa4, D. Morelli4,  

F. Capello4, D. Diagourtas5, S. Valvo6, G. Tringale7, M. Gadeberg8
1. INFOTERE, 20 Rte de St Arnoult 91340 Ollainville France ; sabbad@infotere.fr
2. ALGADE, 1 av du Brugeaud 87250 Bessines Sur Gartempe France claude.bertrand@algade.com
3. VSB University, 17, listopadu 15, 70833 Ostrava Czech Republic : pavel.danihelka@vsb.cz
4. IRC - Innovation Relay Center Geology Dpt P.zza Falcone,12 95131 Catania Italy : gpatane@unict.it
5. Neuron 56, Arapaki Str, 17676 Athens Greece : ddiag@neuron.gr
6. PROTECO Via Scipione Africano, 26,    96010 Palazzolo Acreide (SR) Italy : salva.valvo@proteco.it
7. European Commission Research DG - Office LX46 1/175; B-1049  Brussels – Belgium : Mogens.Gadeberg@cec.eu.int
Introduction

In homes, buildings, drinking water and ground water, in some areas of the world, radon produced by the radioactive decay of uranium-238, present in soil, in rock and in groundwater can reach levels regarded as dangerous. Radon is the largest and most variable contributor to the radiation dose to the public. 

The primary health risks from radon in drinking water are lung cancer, from inhaling radon discharged from water used in the home, and stomach cancer, from ingesting radon in drinking water. 

The project involves the development of the first ever fully automated real time, autonomous, intelligent, alarming station for monitoring radon into the groundwater.

Since the particular project involves the development of techniques for the detection of the radon concentration in water, it follows that it aids the implementation of the First European Standardization water policy which focuses on the maximum allowed quantities of radon authorized in drinking and environmental water. This regulation re-enters within the framework of the quality of the life and the environment. The growing interest in environmental problems has sparked the undertaking of several activities for the protection from pollutants and for the remediation of the contaminated sites. The implementation and management of these activities requires the use of advanced monitoring techniques.

The interest of environmental agencies has been indicated for technology of this sort throughout Europe. There is clearly a need for low cost environmentally friendly technologies which can be used to improve water quality. Once the technologies have been demonstrated to be effective through this project, the economic interest is certain, and the market huge, both within Europe and globally. 

From investigations effected from States members, too, it has been shown that the concentrations of Radon in the waters of surface are very low, usually well under 1 Bq.l-1. The concentrations in the water-bearing strata may vary from 1 to 50 Bq.l-1 for waters coming from sedimentary rocks; from 10 to 300 Bq.l-1 in the case of wells, is from 100 to 50 000 Bq.l-1 for crystalline rocks.  

The Radon which is in the water pipes for domestic use causes to the population exposure of it through the inhalation and the ingestion. It may be ingested either through the water of the public water, and with the bottled waters, while the inhalation occurs because the water that escapes from the taps gives out in the inner environments this harmful gas.  

The increase of the concentration of Radon in the closed environments caused by the water of the water pipes depends from different parameters, as the total consumption of water in the residence, the volume of the residence and the rate of air change.  

The National Research Council thinks that 1000 Bq.l-1 of Radon in the water of a water pipe will  increase, as average, the concentration of Radon in the air of 100 Bq.m-3.   

In the case of an individual water supply, the exposure to the Radon in the water it is a similar phenomenon to the one of the presence of Radon in the residences, where the level of concentration is equal to 200 Bq. m-3, which represents the level of planning stated in the recommendation 90/143 / EUROATOM.  

High concentrations of Radon may indicate the potential presence in the water of other radionuclide belonging to the series of the uranium, although the correlation has not been always tested.  

For all above motivations the monitoring of this gas in the waters either is drinking water use, and for irrigation purposes the use of water coming from rocks of igneous nature, has to be performed  in the interest of the public sanitary protection, following the European directives.

Development of the new radon probe
For experiments of permeability of radon throw membranes, the source of radon diluted in water is necessary. The reason for this demand is the lack of exact knowledge of the process of radon transport and possible importance of radon desorption process from water in overall mechanism of radon throughput from water media at one side of membrane to air phase at other side.  The problems of radon in water source are linked to two principle phenomena, i.e. the instability of radon and the volatility of radon from water. From reason of sufficiently high half time of 222Rn (3.8 days), only this isotope is used for measurements.

There are three principle methods how to have water with radon in sufficient quantity and concentration for permeation experiments:

· Natural radon-containing water 

· Water containing radium 226 salts which release radon continuously by radioactive decay. Radium content may be either natural or by addition

· Water saturated by radium from solid minerals/ores or synthetically prepared solid matter  

The prototype development has been based on micro-fiber membranes. To produce the compact, robust and easily replaceable measuring membrane, following steps have been realized:

Attachment of micro-fibers to the bundle with open entrances to micro-fibers but tight for external environment so that no water or air can leave by leakage. This step was performed by sealing of micro-fibers bundle into tube with special polyester.

To enable active pumping of the air and radon through micro-fibers, input and output to the measuring cell space must be available. From two principal montages, straight one and U – shaped, the former has been chosen because of bigger simplicity and resistance to the mechanical stress. This montage enables also to modify the length of fibers and active surface of membranes. The upper and lower length limits are 50 cm and 20 cm. 
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Sealing of micro-fibers bundle
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Overall montage with protecting external tube and return tube


The radon probes work on the principles of semiconductor silicon and they are capable to detect  with a high degree of accuracy even a very low radon concentration in water. The local data acquisition units are linked to a computing network capable of handling many probes, which are controlled with their own microprocessors and powered by internal batteries. 

The probe contains the filtration membrane, the sensors (radon, pressure, temperature), the power supply, the pump, the digital electronic board., the preamplification board and the heating.

· The radon migrates by natural diffusion through a membrane

· The instrument works by periodically scrutinizing the different sensors.

· The data is memorized and extracted from the memory by user inquiry.

· The instrument is half or fully immersed at very low depth. 

· The instrument power supply is by batteries and provides independent operation of more than 6 months.

For Radon Measurement, we have used a Silicon sensor 450 mm2 polarization by Lithium battery providing a lifetime of 10 years. We have expected a response with a counting window centered on the peak of the 218Po : 1 count.h-1 for 50 bqm-3 of radon in the air.

Taking account of the coefficient transfer between the radon dissolved in the water and the radon present in the measuring chamber 1 bq.l-1 would give 100 impulses.h-1
The chosen temperature sensor is a platinum probe. The probe gives a real resolution of 0.05°C. After thermal balancing,  the temperature of the air in the measurement chamber is equal to that of the water. The water temperature is necessary for the calculation of the BUNSEN coefficient.

The pressure sensor successfully tested on instruments for measuring radon in the air, is a relative pressure sensor giving a real  resolution of 0.3 mbar. The sensor will be compensated in temperature by software. The pressure sensor will be placed on the radon measurement chamber.

Two programmable alarm methods are integrated. They will emit a signal when the radon threshold value is exceeded.

The pump is controlled by the instrument. It functions continuously.

The heating is controlled by the instrument. It is activated when the absolute humidity in the measurement chamber gives rise to a risk of condensation. This function requires the integration of a relative humidity sensor. The absolute humidity will be calculated in real time each time the probe wakes up.  

The circuit followed by the air is as follows:

- Clean air enters, supposed not to be charged with radon, with high humidity via a membrane 

- Passage into a recipient filled with a desiccant. The recipient is placed in contact with the chamber of the internal casing, to take into account the variations in internal pressure due to the change in temperature.

- Air driven by the peristaltic pump,

- The pump forces the air to circulate in the micro tubular fibre, placed between the two hulls.

- As it goes into the micro tubular fibre, the air is charged with the radon dissolved in the water,

- The air is injected into the radon detection chamber

· The air is expelled towards the outside via a gore-tex membrane.

The temperature measurement probe is placed in the water, in contact with the micro tubular fibre.

After placing the electronic boards and the 2 power supply batteries, we obtained the casing figure below. The external and internal hulls as well as the lid are made of polyester composite. The components are secured to a base plate.. The design was carried out with a constant desire to ensure easy maintenance. So it is possible to dismantle the micro tubular fibre just by removing the external hull.
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For sanitarian applications it might be needed to record radon concentration variations for short and long time durations. Short time duration measurements (some days) for sanitarian purposes are probably the most common ones where the daily variation is the requested parameter. Long time durations might be also requested for continuous monitoring in specific areas where possible abnormal increase is expected for alarming purposes.

Study of Air-water radon transfer 

The results obtained remain qualitative. However we wanted to compare previous results with the values obtained by a localized radon measurement method.

The curve below shows good correspondence between punctual measurement (Lucas Celles) and continuous measurement
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From our observations, we can make a first estimation of the expected sensitivity of the instrument: 10 impulses.h-1 equivalent to 1 Bq.l-1  

Influence of temperature: the curves recorded during the tests confirm the influence of  water temperature on exchanges through the walls of the fibres.

Nevertheless, the influence of the temperature can only be quantified when the instrument is available.

This figure shows the comportment of the radon activity versus the time taking account the length of the membrane.
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