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ABSTRACT

An environmental monitoring device with BeO ceramic dosimeters
222

can be used to measure Rn in dwellings. Radon diffuses into a porous

hemispheric chamber and the radon daughters are electrostatically

collected on aluminized Mylar foil covering the BeO dosimeter that

records the alpha activity. A 10:1 signal-to-background ratio results

from a radon exposure of only 3 pCi-h/1. This high sensitivity makes

accurate radon measurement possible within one day, even at near back-

ground levels of a few tenths pCi/1. The BeO exoelectron dosimeter is

also uniquely suited for monitoring occupational exposure to insoluble

tritium gas. At one-fifth the maximum permissable concentration, exposure

for 8 hours gives a 10:1 signal-to-background exoelectron response to the

low energy beta rays. Compensation for any c/.oelectron response caused

by photon radiation can be made by reading the thermoluminescence. The

tritium exposure produces negligible thermoluminescence. Progress in

these and other applications is now totally dependent on achieving

reliability and long-term stability of the exoelectron dosimeter.

*Research sponsored by the Office of Health and Environmental Research,
U.S. Department of Energy under contract W-7405-eng-26 with the Union
Carbide Corporation.
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INTRODUCTION

To those engaged in trying to perfect exoelectron dosimeters, it

has been a galling experience to discover potentially promising applica-

tions only to be frustrated by instability problems. Ceramic BeO* is

an attractive material because it is inexpensive, commercially available

and has a lower limit of detection of about 0.1 mR. The instability

problems associated with ceramic BeO are related primarily to moisture
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condensation on the surface. This behavior has been subsequently linked

to the production of carbonic acid and its interaction with the BeO surface.

Without a reasonable chance of surmounting the problem of instability,

it would be pointless to report potentially promising applications of the

exoelectron dosimeter for environmental or personnel protection. Now,

however, through the combined efforts of the Giessen Physics Group and the

Battelle Institute in Frankfurt, a more environmentally stable, yet still

highly radiation sensitive, version of the BeO dosimeter is at hand. The

BeO dosimeter is composed of a thin-layer of evaporated BeO on a graphite

substrate. W. Kreigseis reports on these encouraging developments at this

symposium.

These improvements provide justification for reporting applications

to radon and tritium gas monitoring. Although the experiments were conducted

with the original, relatively unreliable Thermalox 995 BeO dosimeter, there

is every reason to expect that the newer and more stable type of thin-layer

BeO dosimeter will prove equally successful for detecting alpha and weak

beta radiations.

*Ceramic BeO, called Thermalox 995 and manufactured by Brush Beryllium

Company, Elmore, Ohio, USA.



The method for reading the exposure monitored by thermally stimulated

exoelectron emission (TSEE) materials and the ceramic BeO disks and their

conditioning treatment for optimum exoelectron response, have been addressed

in previous publications.

222Environmental Monitoring of Rn
222The concentration of Rn in the free atmosphere near ground level

is approximately 0.2 pCi/1, while concentrations are in the range of 50-500
222pCi/1 in soil gases. Concentrations of Rn inside dwellings are usually

in the range of 0.1 to 1 pCi/1 and depend on the construction materials,

their porosity and the ventilation. A recent study of different types of

Norwegian houses made of wood, concrete and brick reported mean concentrations
o

of 1.3, 2.0 and 1.0 pCi/1, respectively. Energy conservation measures involv-

ing low ventilation rates tend to increase the radon levels.

The high intrinsic sensitivity of this TSEE dosimeter to alpha particles
Q

from radon and radon daughters had been shown previously. The ceramic BeO
exoelectron dosimeter has since been incorporated into a passive environmental
?22 10

" Rn monitor intended for use in dwellings with radon concentrations close

to background.

The unit consists of u hemispheric diffusion chamber with electrostatic
222collection of Rn daughters onto an aluminized Mylar (3.8 ym thick) foil

covering the BeO. The alpha particles produce a latent recording in the

BeO disk. An evaluation of external gamma radiation is made by an additional

BeO detector located inside the hemisphere but remote from the collection

point of the radon daughters.
The results of tests with radon bearing air are shown in Fig. 1. For

this particular TSEE reader, the background exoelectron counts usually

number about 200. A 10:1 signal to background ratio is, therefore,

produced by a radon exposure of about 3 pCi-h/1. Because of the combined



errors in the TSEE readings, fluctuations in temperature and relative

humidity and the analysis of the radon concentration, the data points

in the graph are reliable to about ±25%. One concludes that with a

reliably performing exoelectron dosimeter, integral radon measurements

will be possible down to concentrations of a few tenths of a pCi/1 in

a time period no longer than one day.

The porous foam covering of the hemisphere, that permits ingress

of radon gas, has beneficial implications for exoelectron dosimetry.

The surface of the BeO disk is protected from dirt and dust that can /

produce triboemission or other spurious effects. Light is also excluded/
/

during the monitoring period so that photostimulated fading is prevented/.
i
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Each of these factors suggests that practical environmental Rn monitoring

with stable exoelectron dosimeters is indeed possible. /
i

Gaseous Tritium Monitoring /

Tritium is an emitter of pure beta rays with mean and maximum energies

of 5 and 18 keV, respectively. The beta rays from tritium are stopped in

the outer 1000 8 of phosphors such as LiF and BeO. This thin surface! layer
12 i

is essentially a dead layer for thermoluminescence, which explains'why

thermoluminescent dosimetry is unsuitable for tritium monitoring. The

reverse, of course, is true for TSEE. The potentials of monitoring tritium
13via exoelectron emission were explored in an earlier paper. Since that

time a more thorough study has been made of monitoring for insoluble tritium

gas.

The maximum permissable concentration (MPC) of insoluble tritium duringa 40-hour working week is 2 pCi/1 of air. The MPC for soluble tritium is

only one four-hundreth of this value or 5 x 10 pCi/1. The potential of

tritium monitoring were explored with a view towards the future personnel



monitoring of, for example, fusion reactor operators exposed to fugitive

emissions of unoxidized tritium gas.

During exposure to tritium gas, the BeO ceramic disks were mounted

in a small holder that excluded light but allowed the circulation of air

on the inside. The loaded holder was placed in a closed loop containing

tritium gas. In the same loop, a positive displacement pump drew air

through a submicron filter, electrostatic precipit?tor and gamma compensated

ionization chamber that had been calibrated for absolute tritium concen-

trations (Johnson Laboratories 995B Triton beta-gas monitor).

Results of the exoelectron response versus tritium exposure in units

of MPC-hours, are shown in Fig. 2. Again the background is 200 counts so

thc?t a 10:1 signal to background ratio is produced by an exposure of

1.5 MPC-h units. This would correspond to an 8 hour work-day exposure

at 0.2 MPC.

Compensation for any exoelectron response caused by concomitant

penetrating radiations, such as the gamma background, can be made quite

easily. Tritium beta rays produce a negligible thermoluminescence signal

but strong exoelectron signal. Gamma rays produce both thermoluminescence

and exoelectron emission. The thermoluminescent signal can be converted

to an equivalent number of exoelectrons and by simple subtraction the

exoelectron yield due to tritium exposure can be calculated. This pro-

cedure is only possible because in this particular type of BeO ceramic,

the TL (200°C) and TSEE (350°C) peaks can be read separately with good
13resolution from the same detector.

It remains to be seen whether the newer and more stable, thin-layer

BeO dosimeters exhibit this same useful property. If not then a pair of

dosimeters would be needed to make the compensation for the effects

of mixed radiation fields.



It can be re-emphasized that the most uniquely attractive applica-

tions of exoelectron dosimeters are for the monitoring of short-range

radiations that deposit their energy in the thin exoactive surface layer

of the dosimeter. What remains is to verify that dosimeters can be mass

produced that have the reliability and long-term stability that is now

commonplace for TLDs.
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Legends

Fig. 1. Exoelectron response of thermally stimulated Thermalox 995

BeO dosimeters exposed to radon in a hemispherical chamber for different

concentrations and times.

Fig. 2. Response of Thermalox 995 BeO ceramic dosimeters to in-

soluble tritium gas in units of maximum permissable concentration x hours.
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