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Introduction

Detection of alpha-active nuclide contamination sources is an important component of radiation ecology and medicine because alpha-radiation produces a strong biological effect on humans. The big and heavy helium kernels that will be emitted along the alpha decay may be shielded with nothing but a sheet of paper but will cause numerous damages in the thin tissues of the respiratory tract when breathed and deposited in the lung. Protection at home or at work against dangers of ionizing radiation is one important aim of civil protection. One principle of radiation protection is to keep the additional dose, expressed in Sievert [Sv], As Low as Reasonable Achievable (ALARA): The additional annual dose for the population independent from the natural background radiation plus inalienable exposure like application from medicine shall not exceed 1 mSv per year. Clean-up of contaminated sites, decommissioning of nuclear power plants or military actions related to DU (depleted uranium) are known for imminent dangers to the employees. But an accident like the terrorist dispersion of radioactive dust, smelting a radioactive source or blast of a dirty bomb may as well cause a high exposure and requires special preventives for the public and workers.

A simple approximation will point out that the inhalation of nuclides, especially the alpha emitting ones, is some magnitudes higher in biological risk than the external exposure by gamma radiation: A regulation level of 20 mSv will be exceeded after 840 hours in case of a exposure to 1 g Ra-226 in a distance of 1 m. The same amount, dispersed in a large sports stadium will cause 20 mSv after 1 minute of exposure due to the deposition in the human body. Far the worst is the inhalation of plutonium: just a dispersion of 0,004 g Plutonium inside the sports arena will cause the same 20 mSv in 1 minute, whereby the external exposure is negligible with 20 mSv in 292 years. Although these basics of radiation measurement should be taken into account already, even the trained responsible persons in charge still swear on the detection of gamma radiation to watch the radiological risk.

Method and device

We developed a portable device for distant control of alpha-active nuclide contamination of various surfaces by means of an air ion topometry method in the presence of beta- and gamma-radiation under actual atmospheric conditions in the real time mode. This device provides reliable distant detection of alpha-particles at a distance from the radiation source significantly longer than the alpha-particle run in air. The results of previous developments are presented at [1, 2]. The Fig.1 illustrates block-diagram of this device and its photo is shown on fig.2. 

Alpha-particle detection is effected through registration of air ions generated on particle tracks. The air ions are transferred from the particle tracks into the detector operative chamber by air flux. The registration is performed by gas discharges using a wire counter open towards the air flux. The detector operates in the events count mode which has certain advantages over ion current measurement. It was showed that only registration of ions generated on alpha-particle without pulses from electron tracks could be affected using this device. The events count mode of detection allows finding the alpha-nuclides at presence of accompanying beta- and gamma-radiation
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Fig.1. The drawing of the detector chamber: 1 - fan, 2 - ion counter, 3 - ring gap of the flow shaper, 4 - deflecting electrodes, 5 - air flow, 6 - The surface being investigated
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Fig.2. Photo of laboratory design

Lifetime Ti of light negative air-ions is determined by recombination with light positive ions as well as by atmospheric aerosol content. Under normal conditions the Ti values are within 10-1000 s, which is sufficient for ion collection and detection.

Gas-discharge detection on the wire detector in no uniform electric field possesses important advantages. It makes possible to distinguish particles with different ionization density in the ion clusters. So, it is like to separate ionization effect from alpha – particles from background of associated beta and gamma – radiation whereas detection efficiency depends on ionization density. As the ionization density on the alpha tracks substantially exceeds density on the tracks of electrons, it is possible to reject background radiation choosing the proper counter voltage. Thus, it is real to develop the instrument with a sufficient efficiency for detection the localized sources of alpha-radioactivity at a distance to some tens of centimeters. The device provides air flux running over the investigated surface of any complicated profile and continuous transport of air ions to the work chamber of the detector.

The device will provide contact less examination of objects with irregular surface, such as transport means, vegetation areas, stocks of agricultural products, raw materials for construction industry etc.

The device has the following features and characteristics:

· detection of air ions in an event count mode;

· high selectivity against different types of penetrating radiation;

· high accuracy of measurement under conditions of varying atmospheric parameters;

· operation in a real time mode;

· portability;

· absence of limitations associated with irregular configuration of surfaces to be examined;

· fast examination of any objects, materials and ambient atmosphere;

1) detection distance 0.5 m; 

2) particle energy lower threshold 0.2 MeV;

3) single measurement time not more than 10 s; 

4) minimal detectable activity 0,05Bq/sqm.

The laboratory model will be a basis for a commercial instrument for fast reliable detection of alpha - radioactive environmental contamination.
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