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Abstract: A unique instrument for measuring environmental radionuclides and novel methods for their
concentrative sampling are described here which meet high requirements of sensitivity, easy and reli-
able handling, and low cost for most applications in field screening, monitoring and training.

1. Introduction

In operational radiation protection there is a need to fulfil three requirements:
1. simple methods for concentrative sampling of radionuclides from air, water and solids
2. a single, fast instrument for such samples
3. time-resolved background gamma dose rate measurements

The samples and the instrument should be portable, user-friendly and of low cost to assure acceptance
in field screening, research and teaching [1].

Natural radionuclides from the uranium and thorium decay series as well as artificial radionuclides
such as Cs-137 and 1-131 are examined for their common and distinctive features and how they may be
collected efficiently under most conditions. On this basis both a detector and a sample holder were se-
lected which meet all requirements like hand to glove. The instrument with detector plus sample holder
has been instrumental in discovering four novel methods of concentrative collection of radon and ra-
don decay products from air, water, soil air and solids within four years. These methods are much sim-
pler and more efficient than previously established ones.

2. Examining optimum counting, sample geometry and collection

Let us examine natural radionuclides from the uranium and thorium decay series and artificial radionu-
clides such as Cs-137 and 1-131 for their common and distinctive features. There is a clear and indis-
putable result: all radionuclides of interest are beta/gamma emitters, but they have different half-lives
of minutes, hours, days and years.

Even for Rn-222 it is beneficial to replace alpha counting of Po-218 by beta/gamma counting of
Pb-214 and Bi-214. The same is true for Rn-220. For exposure the relevant quantity is certainly not the
radon gas concentration but the "equilibrium equivalent radon concentration EER" or "potential alpha
energy concentration". This is made up 90 % by the contribution of the beta/ gamma emitters Pb-214
and Bi-214 and only 10 % by the alpha emitter Po-218. Isn't it a pity that all the countless, expensive
radon instruments using gross alpha counting or even alpha spectrometry are useless for anything else
but radon in case of a nuclear accident? It is the same pity that all non-radon instruments on the alert
are useless for daily radon. Why not have one instrument with the best of both worlds?

Beta detectors have many advantages compared to alpha or gamma detectors. They are available as
large-area, sealed, long-life and reliable proportional detectors with high efficiency. On the contrary,
alpha detectors are expensive, of small area and require special sample preparation because of self-
absorption. Their quoted high intrinsic efficiency is misleading, it refers to the small detector area and
not to samples of large area. Gamma scintillators require expensive photomultipliers and gamma semi-
conductor detectors require liquid nitrogen and more electronics. Both are only good for samples of
large volume and not for samples of large area.
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Large-area beta proportional detectors call for large-area samples. Fortunately, collection of radionu-
clides from air and liquids is best done with large-area filters or evaporation pans. Most solids studied
for radioactivity are of grain size smaller 2 mm or can be prepared to such size.

3. Beta counting and time-spectrometry in practice

The instrument conceived and designed under these auspices is the Living Level Monitor
LLM 500 of Miinchener Apparatebau [2, 3, 4]. It has a 11 x 11 cm2, sealed (7 mg/cm2) proportional
detector with an efficiency e = 1/k = 33 % for EER (Pb-214 + Bi-214), the calibration factor being k =
3.0 ± 0.3 [Bq/cps]. It may be compared to a contamination monitor, but with crucial differences. Con-
tamination monitors provide only single measurements and display current cps, Bq, or Bq/cm2,
whereas the portable LLM 500 (17 cm x 42 cm x 40 cm, 7kg) has features of large laboratory low level
systems and additional ones.

Increased sensitivity is of course obtained by time integration. The gate time may be chosen to
be between 1 and 100 min in steps of 1 min. Before measuring the sample, the background is counted
and deducted from subsequent sample counts. Before starting, the appropriate calibration factor k = x
[Bq/cps] (between 0.1 to 9.9) of the radionuclide and the volume or weight of the sample are entered
through a front panel keyboard. Activity concentrations appear on the LC display. In case of unknown
k, the result is given in net counts and net count rates.

Most importantly, the LLM 500 provides an automatic repeat mode for the counting of one sample up
to 100 times in steps of one, or continuously. All results are stored and can be sent to
a printer or PC. In the repeat mode, the inherent gamma sensitivity (background) of the beta propor-
tional detector or an additional external waterproof energy-compensated Geiger-Muller tube may be
used for time-resolved environmental gamma dose rate monitoring.

In the repeat mode the LLM 500 is a multichannel sealer for time-spectrometry. The advent of energy-
spectrometers made experts forget that half-lives are nuclide-specific and are a simple way to discrimi-
nate natural and artificial radionuclides in daily practice and in the case of a nuclear accident. All half-
lives of interest are sufficiently different for most purposes. With the repeat mode, very informative
graphs of activity build-up and decay vs time are obtained [5].

4. Handling an optimum sample geometry and collection

A large-area beta detector calls for flat, large-area samples. The sample holder (diskette) is a piece of
simple cardboard 130 x 195 mm2, 2 mm thick, with a round or square opening for the sample. For air
sampling or water filtration, beta counting permits inexpensive large-area glass fiber filters. Their
small flow resistance in turn permits large air flow rates up to 800 L/min for a Staplex and a filter of 10
cm diameter. This small flow resistance also permits breathing masks as collectors with the lung acting
as a cordless pump. 5 min of normal breathing (8 - 12 L/min) are sufficient for
100 Bq/m3 EER. For the Staplex, a special holder was designed for the filter diskette. For water, flow
rates of 1 L in 3 min are obtained through the same filter in a cylindrical (Biichner) funnel without wa-
terjet suction. With the LLM 500 changes of radon concentrations under exotic conditions were studied
with a time resolution of 2 min [4].

These benefits are not given to radon monitors using filters and alpha counting. Alpha counting re-
quires expensive membrane filters with large flow resistance which limits flow rates to L/min for the
small areas of alpha detectors. Hence, overall efficiency of such radon counters is small, with integra-
tion times of 60 min and more at ambient radon concentrations.

Solid samples in the form of thin sections or of grain size smaller than 2 mm are held in the opening of
the cardboard between two sheets of adhesive plastic. The best results were obtained with a clear adhe-
sive plastic of brand name "biiro actuell", commercially available on waxy paper in rolls of 10 m x 45
cm. It is polyethylene, 9 |am thick, and impermeable to radon gas.
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A diskette with 1.9 g of KC1 ((1 g K with 31 Bq K-40) spread out over an area of about 50 cm2 is used
as a test diskette for quality control of the instrument. The calibration factor k = 6.0 [Bq/cps] for K-40
(1 beta/ gamma emitter) yields 10 net cpm per Bq. For 30 Bq K-40 the net signal is twice the back-
ground of about 150 cpm at 70 nGy/h. At 100 min gate time, 2 Bq are measured
± 20 % (2 sigma). Because of self-absorption, the maximum volume 20 cm3 of the sample holder
should not be used. Some solid materials studied are: heavy mineral sands, uranium mine tailings, tho-
rium gas mantles, wipe tests, thin sections of uranium glass and black shale, dried mushrooms of 1994
and a table cloth soaked by rain in my garden in May 1986.

5. Playful collection of radon and radon decay products

The LLM 500 has been instrumental in discovering and developing four novel concentrative collection
techniques for radon and radon decay products from air, water, soil air and solids.

1. Radon and thoron decay products are collected with high efficiency on a polystyrel plate, which has
been charged to -20 kV by simple rubbing with a piece of wood [6, 7]. The plate is placed on 4 insu-
lating rods of 10 cm length each, and then exposed to air for a few minutes. The technique was named
Philion (lover of ions) and received a patent, but may be used freely for educational purposes. Po-218
by virtue of the alpha recoil energy is positively charged. Unattached to aerosol particles, Po-218 has
an electric mobility about 104 times higher than in the attached state. The life time of the free state is
quite long in clean air. The count rates in LLM 500 or with an alpha-sensitive end-window Geiger
counter are sufficiently reproducible under constant conditions. They are a good measure of radon con-
centration, considering the extreme simplicity of collection and measurement. Perfect alpha spectra are
obtained with the Philion plate.

2. Waterborne radon decay products were found to be quantitatively adsorbed by glass fiber filters
during filtration. The filter is dried on a hot plate before measurement. Before and since publication [8,
9], the method has passed several intercomparison measurements with all other, more complicated
methods of measuring radon in water, with excellent results. PET bottles are very suitable for storing
and mailing radon water.

3. Radon gas in soil air may be collected with a bubbler in ethanol with a distribution coefficient of 6
for ethanol/air, as compared to 0.25 for water/air [10]. Unexpectedly, the quantitative adsorption of ra-
don decay products on glass fiber filters during filtration works for ethanol as well as for water. The
method might not to replace standard methods for measuring soil radon, but it is good for educational
applications. The sensitivity is sufficient for most purposes. The high solubility of radon in ethanol, its
accurate measurement with the filter method and its storage in PET bottles are an excellent means to
produce radon calibration sources up to 100 kBq/L.

4. Radon and thoron exhalation from walls or loose material, such as soils, waste materials or minerals
in containers is simply collected by a thin layer of charcoal, which is fixed to a sheet of adhesive plas-
tic covering the wall or the container. The thin layer is exposed for a standardized time, transferred to
the sample holder and evaluated with the LLM 500 [11, 12]. Developing a new technique requires
close attention to practical details. Commercial materials are preferable and the individual steps should
be simplified as much as possible without impairing the results. Since submission of [12] in April 97,
several interesting observations and cost- and time-saving simplifications have been made on the tech-
nique described.

Firstly, a good quantity of uraniferous material with a high exhalation rate of radon gas was procured.
About 30 L of material was taken from a low intensity uncovered uranium anomaly along a road,
known from field trips in the '70' s. All stones, large and small were picked out, some showing the
yellow colour of secondary uranium mineralisation. These pieces are not suitable for intercomparison
studies as each one has different gamma dose and radon exhalation rates. The soil which passed
through an ordinary garden sieve with mesh openings of about 1.5 mm was dried in the sun and 12 kg
(12 L) of radioactive material with high exhalation rate were obtained. This material is uniform to
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+ 5 % in activity. This material was used for a series of parallel samples in order to study the influence
of various parameters.

Secondly, optimum containers, large and small, and an optimum fixture of the charcoal layer on the lid
sealing the container were found for loose material of all types. Semadeni AG, CH-3072 Ostermundi-
gen supplies containers of hard polyethylene (HD-PE) in capacities of 0.25 to 2.0 L. They have an
opening of 80 mm diameter with a flat rim of 2 mm. This rim is sufficient when a sheet of adhesive
plastic (see above), is used as the lid. The charcoal layer is sprinkled onto the adhesive sheet before
hand with the aid of a mask of 48 mm diameter. An another type of container is supplied by J. Week
GmbH, D-79656 Wehr, in units of 12 small glass jars of 80 mL or 140 ml, intended for delicatessen
(foie de gras). The round rims are polished to 2 mm width by wet grinding with SiC, 2 min each with
50 u.m and with 15 um grain size on a glass plate.

Thirdly, using the uraniferous material and the containers and sealings described, the area, mass and
grain sizes of the charcoal were varied and influences examined. Merck, charcoal activated granular
about 1.5 mm, Nr. 1.02514 was used. For equal sources, source volumes and exposure times the activ-
ity collected is the same within 10 - 20 % for variations of the charcoal in 3 grain sizes (0.5 - 2.0 mm)
and areas (9, 18, 38 cm2) which means also weight (0.25 - 2.1 g). This means the preparation of the
collector is independent of area, mass, and grain size of charcoal, which means a saving of time and
cost. A closed system behaves differently from an open system, for which the activity collected per
collector would depend on the mass of the charcoal collector.

Charcoal with 5000 Bq/g or more of radon gas (in equilibrium with radon decay products) is easily
obtained. Because of the short half-life of radon, a high activity corresponds to a small mass or volume.
But in units of activity, the sorptivity of charcoal for radon gas is unlimited. Such radon activated char-
coal,' open or enclosed, is a convenient radon source for a range of experiments on fundamental proc-
esses. Results will be reported in the near future.
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