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MEASUREMENT OF RADON PROGENY CONCENTRATIONS IN AIR

BY ALPHA-PARTICLE SPECTROMETRY*

George D» Kerr
Health Physics Division

Oak Ridge National Laboratory
Oak Ridge, Tennessee 37830

The concentrations of short-lived radon progeny attached to dust particles

in the; air can be measured by taking three counts of alpha-particle activity

collected on a filter with an air sampling device. In a technique reported

by Tsivoglou et al. , the concentrations of RaA, RaB, and RaC in air are

calculated from three count rates of the combined alpha-particle activity of

RaA and RaC5 at S, 15, and 30 minutes after the collection of an air sample

and in a modification of this technique reported by Thomas^ , they are cal-

culated from three integral counts of the combined alpha-particle activity of

RaA and RaC1 from 2 to 5, 6 to 20, and 21 to 30 minutes after the termination

of the air sample collection. An advantage of these two techniques is that a

rather simple detector can be used to count the filter, since the 6.0 and 7.7

MeV alpha particle activity from RaA and RaC, respectively, does not have to

be resolved; but these techniques do not offer the accuracy, especially in the

calculated concentration of RaA, provided by a spectrometry tachniquo reported

lay Martz et al. ^ In this spectrometry technique, the concentrations of the

short-lived radon progeny are calculated from one count rate of the RaA and

two count rates of the RaC1 alpha-particle activity on the filter at- 5 minutes

*Research sponsored by the U.S. Atomic Energy Commission under contract with
the Union Carbide Corporation.
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and at 5 and 30 minutes, respectively, after the collection of the air

sample. ^

In measurements using the alpha-particle spectrometry technique, the

filter could, of course, be counted in a vacuum with a silicon surface-barrier

detector, but an elaborate counter with an air interlock would be required to

insert the filter or the counter would have to be cycled from vacuum to atmo-

spheric pressures to insert the filter. Because of potential breakdown of

these diode detectors at about 0.1 Torr, the bias voltage on the detector

should also be cycled making this procedure both complicated and time consuming.

A counter more convenient for routine use has been developed recently at this

laboratory. In this counter, helium is flowed between a diode detector and

filter which are separated by a distance of about 0.5 cm. By using helium in

the small gap between the detector and filter, the counter can be operated at

atmospheric pressures with little loss in resolution and considerably gain in

filter handling simplicity compared to measurements in a vacuum.

A modification of the spectrometry technique of Martz has also been Tie- • • . .

yeloped at this laboratory to improve the accuracy and sensitivity of measure-

ments wade with the above counter.^ ' This modification of the spectronetry

technique is similar to the modification »/f "-he Tsivogiou technique reported .

by Thomas. In the modified spectrometry technique, the concentrations RaA,

RaB, and RaC are calculated from one integral count of the RaA and two integral

counts of the RaC* alpha-particle activity collected on the filter. A computer

program, RPCQN4, has been written which will calculate the air concentrations

and estimate the accuracy in the calculated concentrations* of RaA, RaB, and RaC

for the air sampling rate, the sampling time, the counting times, and the detec-
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tion efficiency of the counter used in the measurements. This program is

written in the BASIC language for use with tine-sharing computers.

Both the statistical uncertainties in the three counts of alpha-particle

activity on the filter and the systematic uncertainties in the air sampling

rate along with the detection efficiency of the counter are considered in es-

timating the accuracy of the calculated concentrations. The systematic un-

certainties in the air sampling rate and detection efficiency, which mast b$

estimated by the user of tine program, are difficult to evaluate, but with care

are usually in the range of 2 to 5 percent. A statistical uncertainty of one

standard deviation in each of the three count.'; is used automatically in the

program for estimating the accuracy in the calculated concentrations. The

statistical uncertainties of the counts and, therefore, the accuracy in the

calculated concentrations are influenced by the sampling rate, the sampling

time* the detection efficiency of the counter, ant! the counting times. Of

these factors, the influence of the sampling and counting times on the pre-

cision of the technique, i.e. the expected accuracy in the calculated concen-

trations, are the most difficult to evaluate. In evaluating the influence

of the sampling and counting times on the precision of tht technique, only

the statistical uncertainties need bo considered, because tie systematic un-

certainties of the measurements are not influenced by these factors. A

starting time of 2 minutes for the first counting interval was selected because

this was the shortest practicable time for transferring the filter with the very

short 3.05 minute halflife RaA activity from the air sampling device to the

counter, and an ending time of 30 minutes was selected because a counting parked

of this length has become standard for techniques of this type.* ' * ' For
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sasgilftng times in the range of S to IS minutes, one RaA counting interval from

2 to* 12 Bdnuies and two RaC counting intervals from 2 to 12 and 15 to SO.aintttes

after the tersiiiation of the air sample collection were found to give a*good

overall precision for a wide range of RaB/RaA and RaC/RaA activity ratios. San-

fling intervals of time greater than 15 minutes were also investigated,, but were

not found to offer any great improvement in the precision of the technique*

In • siaUar Modification of the speetronetxy technique, Jfonassen and Hayes * *

xecomwended © » RaA counting interval from 120 to 320 seconds and two RaC* count-

ing, intervals firon 12$ to 320 and 1200 to 1600 seconds. A eosftaxlson of the pre-

cision of the technique for these counting tines and tfcose xecotmendedl fox general

use in this paper are given in the Appendix for n 10 minute sampling interval of .

tlm and for several different RaB/RaA and RaC/RaA activity ratios* It can na

sten fro» Table 1 in the Appendix that the counting intervals of 2 to 12 and IS

to 30 minutes yield a slightly greater precision. ---

By USSJ of the shorter counting intervals from 129 to 320 and 1200 to 1600

seconds, Jonasstn and Hayes were, however, able to suggest the use of two ad-

ditional counts of the RaC* activity frost 480 to 680 and 1800 to 2200 seconds

to itftxov* the accuracy in the calculated concintrations of RaB and **£• -H»s«

two additional counts of the RaC» and the count of the RaA activity from 120 to

320 seconds are used to calculate a second set of concentrations for RaB and

RaC which can be averaged with the first set calculated from the count of RaA

activity fro» 120 to 320 seconds and the two counts of the RaC* activity from

120 to 323 and 1200 to 1600 seconds, fiy the averaging process, the standard

deviations of the calculated concentrations are, of course, improved slightly.

This MUtner of improving the precision of the technique appears to be useful only

where the volume of the air sanpled in a oeasureaent oust be limited, because

the accuracy in the calculated concentrations £%n easily be iaproved by in-
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creasing the air sawpling rate.

In late October and early November of 1973, viie alpha-particle spectrometer

and Modified spectroaeti/ technique developed! at the Oak Ridge National Labora-

tory w«tti med to Measure radon progeny concentrations of hones in Grand Junction,

Colorado. Btcsus* radon concentrations were neasurtd sinultaneously by the

Institute of Environmental Medicine of the New Yotk Medical Center/7-* informa-

tion was obtained on both radon and its short-lived daughters in these homes.

Eased on a preliminary analysis of the data for six homes having radon and radon

progeny concentrations determined with a standard deviation of 20 percent

or less in each of several measurements, mean ftaA/Rn activity ratios were found

that ranged froa 0.60 to 0.96 with a median RaA/Rti activity ratio of about 0.75.

Th# M a n Rifi/RaA and RaC/RaA activity ratios of the hones were found to be

typical of ventilation rates of 0.5 to 2 air exchanges per hour based on the

vmtilation equations of Hultqvist.^ ' Hie median ventilation rate for the

six hones was about 1 air exchange per hour. As would be expected, the RaA/Kn

activity ratios of the homes were smaller than those predicted by the venti-

lation equations of fiuitqvist* since other factors, such as deposition on

roc« surfaces of R«A which are unattached to dust particles and other conden-

sation nuclei, are-operable in reducing the RaA concentration. The mean venti-

lation rates of 0,5 to 2 air exchanges per hour and the median ventilation rates

of about I air exchange per hour of these hones agree very well with those

•assured in a aujfcer of homes by other methods.^ ^ •
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APPENDIX

Equations relating the concentrations of radon progeny in air to three

counts of the alpha-particle activity on the filter for all four of the

counting techniques discussed in this paper can be written in the general

fora:

n12c2 + m13Cs]

or

g7 [a21Cl + n22C2 + m23 C
3]

g7 [B31C1 + ffl32C2 + m33C3]

3

E m.-c.

(1)

(2)

where q. • concentration in atoms per liter with i * 1 for RaA,
2 for RaB, and 3 for RaC,

v • air sampling rate in liter* per minute,

g « detection efficiency of the counter,

c, * counts of the activity on the filter with j « 1, 2,
3 and 3,

and »JJ • coefficients which are dependent on the sampling time,
• •* counting times, and the counting technique,

The accuracy in the concentrations calculated by any of the four counting

techniques can be estimated by the equation:

3

V Cgv)' 2)
5*1

? s2 •'ii sc. (3)

where s * uncertainity in the calculated concentrations with
qi i • 1 for RaA, 2 for RaB, and 3 for RaC,
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s = statistical uncertainity of one standard deviation in
cj a count of the activity with j = 1, 2, and 3, .

s = systematic uncertainity in the air sampling rate,

and s = systematic uncertainity in the detection efficiency of
* the counter.

For a 10 minute sampling interval of time, the coefficients m.. needed

to calculate the air concentrations of the radon progeny by eg. (1) from one

count c, of the RaA alpha-particle activity from 2 to 12 minutes and two counts

c, «nd c_ of the RaC alpha-particle activity from 2 to 12 and 15 to 30 minutes,;

respectively, are VL. = 0.4449, ra12 = 0, m = 0, m2J = -0.4819, m_2 = -0.9140, .

au- • 1.0445, m^ * 0.0512, n>32 = 0.7158, and m__ = -0.3276 with units of

ainutes per liter. These coefficients are, of course,-not needed if the com- „

puter program,, RPCON4, is used to calculate the air concentrations and to

estioate the accuracy in the calculated concentrations.

A comparison of the precision of the modified spectrometry technique for

these counting times and those used by Jonassen and Hayes' ' is given in Table

1 for several different RaB/RaA and RaC/RaA activity ratios. In this table,
-1/2the comparison in terms of fractional standard deviations with units of (gvr) '

Which were used by Jonassen and Hayes in comparing the modified spootronetry

technique with the precision of other techniques. The t i l the above units is

the activity of RaA in pCi per liter of air. The fractional standard deviations

of Table 1, which are based only on one standard deviation in each of the counts

of alpha-particle activity on the filter give the accuracy of the calculated

values for small r where the statistical uncertainities are large and dominate

the precision of the technique. For large values of R where the statistical

uncertainities in the counts are small, the systematic uncertainities in the air
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sanpling rate and detection efficiency must, of course, be considered in estimating

the accuracy in the calculated concentrations. It can be seen from the table that

the counting intervals of 2 to 12 and 15 to 30 minutes yield a greater precision

than the counting intervals from 120 to 320 and 1200 to 1600 seconds used by

Jonassen and Hayes.



Table 1, Comparison of the precision of the modified spectrometry technique for a sampling interval
of 10 minutes and (A) two countingperiods from 2 to 12 and 15 to 30 minutes and (B) two
counting intervals from 120 to 220 and 1200 to 1600 seconds after the termination of the
air sample collection. The fractional standard deviations in the table are given in terms
of (gvr)-l/2 where g is the detection efficiency, v is the air sampling rate in liter per
minute, and r is the activity of RaA in pCi per liter of air.

RaB/RaA and RaC/RaA
- Activity Ratios

1 and 1

0.6 and 0.4

0.4 and 0.2

s

0.213

0.213

0,213

(A)

s

0.259

0.313

0.368

0

0

0

s

.187

.322

.505

0.

0.

0.

s
Q *

Q

277

277

277

0

0

0

(B)

s

.311

.374

.445

0

0

0

s

.228

.387

.586


