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OPTIMIZING MEASUREMENT SENSITIVITY TO FACILITATE
MONITORING ENVIRONMENTAL LEVELS OF Rn-DAUGHTER CONCENTRATIONS!
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•Electronics Division

••Radiological and Environmental Research Division
Argonne National Laboratory

Argonne, Illinois 60439

Summary

• In the measurement of environmental levels of radio-
activity, the primary problem is the accumulation of a
statistically meaningful number of counts within a
reasonable period of time. In the case of measurements
of airborne 222Rn-daughter concentrations, the problem
is further complicated by the particularly short half-
l ife, 3.05 minutes, of RaA (Po2 1°). Since three Rn-
daughters—RaA, RaB (Pb214) and RaC (Bi2") _ a r e of
Interest, the equations interrelating these Rn-daughter
concentrations were derived from the laws of radio-
active-series decay. These equations, although
straightforward, are cumbersome to solve. To facili-
tate the efficient use of these equations, a computer
program has been written which permits the calculation
of Rn-daughter concentrations or expected counts for a
given set of measurement parameters (flow rate and
detector efficiencies). A subroutine then calculates the
optimum pumping and counting times required to provide
the number of counts necessary for acceptable statis-
t ics at environmental levels of 222Rn-daughter concen-
trations. This subroutine contains a set of parameters,
flow rate and efficiencies, that are fixed using realis-
tic restrictions. The use of these optimized pumping
and counting times results in maximum measurement
sensitivity under realistic constraints.

Introduction

In previous papers1 #2,3 We described the principles of
2"Rn-daughter determination from observed alpha and
beta counts and the instrumentation based on these
principles. The lowest detectable concentrations with
these early instruments were around 1 pCi/llter. For
environmental applications an Instrument with a detec-
tion limit of.about 0.1 pCl/liter corresponding to about
10-3 Working Level (WL) in equilibrium seemed desir-
able. At such low concentrations the number of Rn- '
daughter atoms per liter of air i s very small ( e . g . ,
0.1 pCi/liter in equilibrium corresponds to about lRaA-
atom/liter, 9 RaB-atoms/liter and 6 RaC-atoms/liter of
air). This implies that the number of observable disin-
tegrations i s also drastically reduced, and an optimiza-
tion of the measurement sensitivity under existing me-
chanical, physical and practical constraints becomes
mandatory.

Optimizing the Measurement Sensitivity

First, we state the primary constraints:

1) The measurement of the 222Rn-daughter concentra-
tions should be completed in a reasonably short time.

f This research was sponsored by the U. S.
Environmental Protection Agency under Contract
No. IAG-D6-0152 with Argonne National Laboratory
and the U. S. Energy Research and Development
Administration.

*** Now at Digital Equipment Corporation, Maynard,
Massachusetts.

2) The precision of the measurement of 10~3 WL under
equilibrium conditions should be about 33% relative
standard deviation (RSD) or lower. In this case
RSD = (standard deviation/10-3 WL).

With these two constraints given, one can begin to de-
velop the equations which relate the given 2 2 2 Rn-
daughter concentrations to the observed number of
counts. We will make the principle clear by consider-
ing the simplest case , RaA, and will then describe the
computational procedures for the more complicated
cases of RaB and RaC. '

The observed alpha counts. A, from RaA are related to
the airborne concentrations of RaA, NA. (in atoms/liter)
by the following equation:

i l \

exp A °J exp
where;

E« = detection efficiency for RaA alpha particles

V ** flow rate (liters/min)

XA » decay constant for RaA (tain" )

•tjj «= buildup or pumping time (mln)

d » delay time (mln)*

^ *> decay or counting time (min).

* This delay Is required in order to provide time for
the transport assembly to move the filter membrane
from the pumping position to the counting position...

It follows immediately from (1) that d should be as small
as possible.

The operating characteristics of the filter membrane
transport system required that d » 13 sec (0.2167 mln).
It is also clear that V should be as large as possible.
The need to conserve a sharp alpha spectrum, and limi-
tation of the size of the air sampling port by the dimen-
sions of the available alpha detector, forced the limita-
tion of flow rate to about 40 liters/min. We found e x -
perimentally that penetration of the aerosol particles
Into the filter was not significant for this flow rate and
that the deformation of the filter membrane by the fore*
of the air stream was tolerable. An enlarged air sam-
pling port size (the diameter, of the air sampling port i s
30 mm) would have allowed us to use a higher flow ret*
but the corresponding increase in counts would have
been insignificant since the diameter of active area of,
the detector was fixed at 30 mm. Since the Instrument
will use ac power, the power consumption of the motor
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drive for the pump was not a limiting consideration.
"With the size of the air sampling port and the detector
fixed we proceed to investigate the values of the
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written to handle these equations for all three Rn
daughter concentrations. This subroutine calculates the'

- nine required coefficients (Cj-Co) for the set of equa-
tions listed below which relate the Rn-daughter concen-
trations (In atoms/liter) to the observed counts corrected
for the overlap of the RaA and RaC1 spectrum.

A - C . E . V N .
I - A A ."••.

If we rewrite Eq. (1) into the form:

theh^Ci Js a iiuih«erical c o ^ l c ^ t f o r a fixed pumping
^^:i^fii^:fi.!:ii^\tid^i^tim6^ (t-cp given bym—

(4)
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where:

I ||i&V*» airborne concentrations of RaC (to atoms/liter)
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The program calculates these counts [A, (B+C) and CQ
for each requested pumping and counting time. The
program asks for pumping time limits and then for
counting time limits. It then asks for 'she iteration time
interval. After receipt of this input data it then makes
the calculations and prints out the pumping time, count-
ing time, the RaA counts In channel A, the Ra(B+C)
counts in channel B, the RaC1 counts in the C channel
and the Working Level. An example i s listed below:

Pumping Counting
Time Time
3.0
3.0
3.0

RaC»
WLCounts

23 0.00098
25 0.00098
26 0.00058

As discussed earlier, It was shown that for RaA the
counts were maximized by fixing tB= tj> for any given
sum of pumping and counting time?;. The results of the
computer program agreed with these findings for the
RaA counts and gave similar results for Ra{B+C) and
RaC courts as Indicated in Fig. 1 .

I

It becomes obvious that new coefficients are required
foe each change of pumping or counting times. This re-
quires excessive mathematical manipulations even for a
programmable calculator. Therefore; a subroutine was
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ffiis plot of the computer output data also shows the
w symmetry observed between the pumping and counting

times. This implies that the same counts will be gener-
ated for specific fixed measuring times (tg +t£>), when
the counting time and pumping time are Interchanged
[ i . e . , (tB +tp) » 6 « (2.0 + 4.0) or (4.0 + 2.0)]. This
information would be very useful when power is limited,
such as with a battery-powered instrument, since the
pump motor is the major power drain of the system. It
should be pointed out, however, that unequal pumping
and counting times will not produce the maximum count.

For specific design criteria, such as battery-powered
operation, it may be desirable to compromise the time
parameters. The differences in counts at low Working
Levels are small for short measurement periods; and,

' since a short pumping time may be desirable, a small
increase in measurement time would compensate for the
loss in the optimum ratio. For example:

Pumping Countina . '.RaA Ra(B+C) . RaC1

Time Time Counts Counts Counts WL

2 .0 5.0 21 37 28 0.98x10"

The next question to be addressed is whether the pre-
dicted counts are adequate to yield the desired preci-
sion at these environmental levels? Based on the cal-
culation of the relative standard deviations (RSD) of
the predicted counts, adequate precision Is obtained
at environmental levels as shown in the following
table.

Relationship of Counts to RSD at Specific Concentrations

RSD (%)
3 0 . 5 '
72.5
26.7
30.8

Rn-daughter
concentrations

RaA O.iOOpCi/L
KaB 0.096 pCi/L
RaC 0.101 pCi/L
WL 0.983 x 10~3

Counts
20
33
25
_

Background
Counts

0
IS*
0 '
_

* This background count corresponds to a gamma back-
ground of approximately 5 /tRyhr.

Conclusion •

We have described a procedure fpr the design of a
222Rn-daughter monitor for environmental (Concentra-
tions of 0.1 ppi/liter or higher. We found that these
concentrations could be measured with adequate preci-
sion In a gamma background of about 10/tR/hr within
approximately 6 min in a fully automatic manner. We
have also shown that the program discussed i s very
useful in a variety of designs and that ho one set of
design parameters will be the optimum for every con-
ceivable instrument. A device designed according to
these principles1*2*3 is presently being used by the
United States Environmental Protection Agency to moni-
tor dwellings in Florida.

• • .
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