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Abstract

Scintillation cells like “Modified Lucas cells” are widely used for grab-sample measurements of radon in the

environment including those developed in the laboratory

for evaluation of radon diffusion coefficients of radon

barriers, radon emanation powers in small samples of porous materials and radon concentrations in small chambers
used for different research studies. In this paper we describe the main characteristics of an improved and practical

scintillation cell developed in our laboratory. Experimenta
between 0.038 and 0.123 cpm,:’qum". The effects of atmosp

| efficiency values obtained for different cell volumes ranged
heric pressure on the detection efficiency as a function of the

diameter of the cell were also studied. In general, a decrease of 15% was observed when increasing the pressure from

827 to 1013 hPa.
© 2003 Elsevier B.V. All rights reserved.
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1. Introductien

Scintillation flasks like “Lucas cells™ are widely
used for grab-sample measurements of radon and
for continuous radon monitoring in the eaviron-
ment [1]. Typically, a modern Lucas cell consists of
a plexiglass right cylinder, coated inside with
silver-activated zinc sulfide, ZnS(Ag) [2]. In use,
a filtered sample of the air to be measured for
radon concentration enters the cylinder. After
waiting for radioactive equilibrium between radon
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and its short-lived alpha-emitting progeny, the
Lucas cell is placed on a photomultiplier tube
(PMT) inside a light-tight enclosure. Alpha
particles emitted by radon and radon decay
products strike the ZnS(Ag) phosphor, which
emits light pulses that are amplified by the PMT
and, then, counted with an alpha counter [2-5].
Concerning calibrations, these are usually done
by sampling a known radon concentration and
calculating the alpha counting efficiency for radon
and its progeny from the alpha scintillation pulses
counted. However, most of the calibration facil-
ities are located at or near sea-level; NRPB,
Chilton, UK or more recently the radon chamber
of the “Institut de Tecniques Energetiques™ of the
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Technical University of Catalonia, Barcelona,
Spain, are key calibration sites for wortldwide
radon measurements. Because radon measure-
ments are being made at all altitudes at which
people live, the atmospheric pressures at which
these measurements are made range from 800 to
about 1010 hPa. If a Lucas cell is calibrated at sea-
level and used at higher altitudes, the maximum
path length of any alpha particle inducing a count
above the preset threshold will increase with
decreasing pressure; thus, overestimating high-
altitude radon measurements with Lucas cells
based on sea-level calibrations.

2. Material and methods
2. 1. Design of the instrument

The improved Lucas scintillation cell proposed
in this paper has been developed in our laboratory
as a modified design of the original Lucas cell.
Basically, it has its inside walls lined with ZnS(Ag)
coated mylar and its main difference with respect
to the traditional one is the ability to open the cell
after use by removing its bottom. For the
commercially available Lucas cells {(Eberline In-
struments Inc., Santa fe, NM; Ludlum Measure-
ments, Texas, TX) the main problem is related
with the potential contamination of their inner
walls when they are used in places with very high
radon concentration, that can increase the normal
background of the cell. The improved scintillation
cell can be decontaminated easily, by simply
removing the bottom window of the cell and
inserting a new uncontaminated ZSn coated
mylar. This procedure cuts the cost of recoating
the inside surfaces of the cell and makes it fully
reusable at any time.

Cells with different diameters and heights have
been built checking for all their air tightness by
comparison of the experimental decay of a given
radon concentration brought into them with that
theoretically expected according to radioactive
behavior of radon gas. In all cases, no significant
leakage was detected. Schematic view of the
scintillation cell is shown in Fig. 1. As in other
systems, it is coupled to a photomultiplier and a
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Fig. 1. Schemalic view of scintillation cell.

standard counting device. The ZnS(Ag) coated
foils are fixed to the walls and top of the cell by
using a rubber solution and placed each time in the
same position, Tn general, because a pre-filter for
stopping radon decay products 1s used when the
sample is taken, the change of the coated foil is
usually unnecessary. When a change takes place, a
new check of the cell is performed in our
laboratory testing the efficiency with a known
radon concentration and the air tightness analyz-
ing the decrease of this radon concentration
according its 3.8 days half-life and also using a
bubbling chamber.

2.2. Calibration of the instrument

The calibration of the improved cells mentioned
above has been carried out first in the Inhalation
Toxicology Research Institute, Socorro, New
Mexico (TTRT) and NRPB radon chambers and
more recently in a new scaled chamber of 20m® at
the “Institut de Tecniques Energetiques” of the
Technical University of Catalonia [6], by sampling
with the cells different radon concentrations in the
chamber at standard atmospheric pressure
{1013 hPa), and evaluating the detection efficiency
for different geometries and capacities. Experi-
mental efficiency values obtained in cpm/Bq m™?
are shown in Table 1. The variability of the
detection efficiency when changing the coated
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Table 1

Values of dead volume and efficiency at standard atmospheric pressure depending on the dimensions of the scintillation cell
Scintill. Radius Height Volume Dead volume Dead volume/! Sensitive Efficiency
No. (cm) (cm) ] ® total volume volume (1) {cpm/Bg/m)
Cell 1 4.52 71.60 .49 0.020 0.041 0.47 0.0378
Cell 2 5.10 6.10 0.50 0.021 0.043 0.48 0.0338
Cell 3 4.52 11.00 0.1 0.029 0.041 0.68 0.0541
Cell 4 4.05 16.80 0.87 0.013 0.015 0.86 0.0757
Cell 5 4.32 15.60 1.00 0.041 0.041 0.96 0.0795
Cell 6 4.75 16.10 1.14 0.062 0.054 1.08 0.0811
Cell 7 5.65 17.00 1.70 0.196 0115 £.50 0.1232

ZnS(Ag) foils was in all cases less than 5%.
Standard uncertainties for the volume and effi-
ciency were also less than 5% for all cells tested.
The “dead volume™ means the effective volume
inside the scintillation cell in which alpha particles
emitied from have not enough energy to finally
give rise to a detectable light pulse in the ZnS(Ag)
coated mylar. Thus, the sensitive volume is the
result of reducing the dead volume of the total
volume,

To study the effect of pressure on the calibration
of the improved scintillation cells, several evacu-
ated Lucas cells of different sizes were filled with
air containing from 37 to 370Bq of 222Rn and
counted to determine the dependence of the
detection efficiency of the ZnS(Ag) scintillation
cells used for grab-sampling on atmospheric
pressure. The experimental setup is shown in
Fig. 2, equipped with bulkhead connectors to
enable changes of pressure inside the Lucas cells.
This setup permitted connection to an absolute
pressure gauge and both compressed air and
vacuum sources.

For testing, a filtered sample of air containing
322Rn was introduced into each evacuated scintil-
lation cell. Two types of experiments were
conducted: (1) at a starting pressure in the cell of
400 hPa and (2) at a starting pressure of 1067 hPa.
After radioactive equilibrium was established
between 2?Rn and its short-lived alpha-emitting
decay products, the count rate was determined as
the pressure was increased or decreased, respec-
tively, in steps of 33.3 hPa.

For cases where the pressure is decremented,
some radon is lost from the cell and the observed
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Fig. 2. Arrangement for testing scintillation cells to changing
pressure.

count rate must be corrected by the pressure—
volume relationships at each datum point.

Fig. 3 shows count rate measurements made
over a pressure range of 467-1067hPa. A clear
variation in the count rate as the pressure was
either increased or decreased was observed. At a
pressure of 827hPa (1676 m altitude), this effect
amounted to about a 15% increase in count rate as
compared to a simulated sea-level count rate. As
the diameter of the Lucas cells decreased, the
effects of atmospheric pressure also decreased. All
of these effects may be explained by the following
facts: (1) alpha counts are emitted from three
radionuclides, **Rn, 2'*Po, and ***Po; (2) the two
polonium isotopes are solid particles of about 1-
2nm diameter that very quickly diffuse to the
ZnS(Ag)-coated walls of the cells; and, (3) radon is
an inert gas that is evenly distributed within the
volume of the Lucas cell. Tests of the maximum
range in air that could induce a count in our
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Fig. 3. Response of different scintillation cells at different
pressures.

counting system for 5.5MeV alpha particles from
electroplated ***Pu, indicated a maximum of
3.5cm. Thus, scintillation cells with a radius
greater than 3.5cm could have a significant dead
volume in which atoms of ***Rn could decay and
the resultant alpha particle would not have enough
energy to travel through the air and induce a
detectable light pulse in the ZnS(Ag). If the
measurement pressure is significantly lower than
the calibration pressure, the alpha particle can
then travel a longer distance to induce a countable
light pulse. Thus, large diameter Lucas cells,
calibrated at sea-level, can overestimate the radon
concentration when used at higher altitudes. This
effect is modified by a combination of the counting
efficiency of the ZnS(Ag) and the preset lower
alpha energy threshold of the electronics.

Corrections for this effect after sampling have
been addressed obtaining a sample of air contain-
ing a known amount of **’Rn at a known
atmospheric pressure, pressurizing it to 1067 hPa,
and collecting count rate data as the pressure is
reduced in discrete decrements. Observed count
rate data should be corrected for loss of sample air
(containing radon) by the pressure-volume rela-
tionships. A plot of corrected count rate data vs
pressure will provide the correction factor and
enable correcting all Lucas cell measurements
obtained at atmospheric pressures that differ from
the calibration pressure.
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Fig. 4. Varialion on efficiency for different sizes of scintillation
cell expressed as relationship beiween dead/total volumes when
the cells are used at a pressure of 806hPa, lower than the
standard atmospheric one.

As an example, Fig. 4 shows a general solution
for the correction factor expressed as percent
increase in count rate for different cells when these
are used at §27hPa and calibrated at standard
atmospheric pressure. This general correction
method could be applied for any size of scintilla-
tion cell and PMT device.

In conclusion, the new scintillation cell, devel-
oped for different sizes and geometries shows a
good efficiency and appropriate behavior for
pressure effects. These facts made it interesting
for measurements not only under clean environ-
ments but, and more important when the sampling
is developed in chambers with high radon con-
centration or in dusty environments.
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