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ABSTRACT

A microprocessor-controlled instrument for measuring the concentra-
tions of radon progeny 1in indoor air is described. The measurement
technique is based on alpha spectroscopy and uses two counting intervals
following a sampling period during which radon progeny are collected on
a filter. The coun%%gg intervals are selected to provide optimal preci-
sion for measuring Rn progeny for fixed total measurement times rang-
ing from 30 to 60 minutes: concentrations as low as 0.5 pCi/l can be
measured with less than 207 uncertainty in 45 minutes. The instrument
538 also be used to estimate the potential alpha energy concentration of
““"Rn  decay products. The device operates under the control of a com=-
puter or a data terminal, and, in the absence of high concentrations of
cigarette smoke, functions for week-long periods between filter
changes. The user can specify the sampling and counting-interval timing
over a wide range and select from among several operating modes. A
number of performance tests are also described indicating that for typi-
cal 1indoor concentrations the measurement uncertainty is dominated by
counting statistics.

Keywords: alpha spectroscopy, indoor air quality, instrumentation,
radon, radon progeny, thoron progeny.
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INTRODUCTION

Inhalation exposure to the radioactive progeny of 222p4 (radon) con-
stitutes a major portion of the naturally-occurring radiation dose to

the general public.1 218p,

O0f principal concern are the alpha decays of
and 214?0 following the inhalation of 218Po, 214Pb, and 2MBi (see Fig-
ure i). Such exposures have been correlated with an observed excess
ihcidence of 1lung cancer among uranium and other hard-rock miners.2
Exposure to the decay produdts of 220Rn (thoron) can also result in a
significant dose from the alpha decay of 21231 and212Po after inhalation
of‘212Pb and 21231, however, because of the short half-life of thoron
relative to that of radon, this dose is commonly'much less than that due
to radon progeny exposure. In residences typical radon progeny concen-
trations result in occupant exposures that fange from 1 to 20 percent of
those currently permitted to uranium miners. Possibly more significant
is the fact that in a small fréction of houses in the United States,
Canada, and Europe, exposures can aﬁproach or even exceea those permit-

ted miners.3

A commonly applied technique for measuring radon progeny in air
involves drawing air through a filter, then counting the totalvalpha
activity on the filter for three specified time intervals‘ after sam-
pling.4 Radon progeny concentrations are calculated by taking linear
combinatiohs of the three count totals with the coefficients determined

3 This technique was developed for

by solving the Bateman equations.
measuring high concentrations in mines. Recently, extended counting
intervals were suggested to improve measurement sensitivity for use

indoors, but for concentrations at the low end of the typical range for
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residences the measurement precision for Po is poor.6

An alternative technique uses alpha spectroscopy to distinguish the

decays of 218Po from those of 214Po.7

In this case two counting inter--
vals provide enough information to solve for the radon progeny concen-
trations. The alpha spectroscopic technique provides much better preci-

'sion for 218

Po than the total alpha technique, and, further, allows the
separate detection of alpha decays from progeny of the other isotopes of
radon (particularly 212p5 from thoron), which can be of interest in some

situations and can occasionally interfere with the radon progeny meas-

urement if not accounted for.

Groer and co-workers developed an automated monitor (EWLM) which
uses alpha spectroscopy and total-beta detection (from the decays of
214Pb and 21481) measured during a single interval after sampling to
measure concentrations of radon progeny in air.8 An instrument based on

9 This appears to be the only

their design is now commercially available.
example in the literature of an automated instrument for.measuring con-
centrations of individual radon progeny. The EWLM is capable of making
very rapid measurements (aﬁout S minutes per sample). Ifs fundamental
limitation is the complexity and, therefore, COSt'Of the filter tran-
"sport mechanism. Less important disadvantages are fixed sampling- and

counting—interval timing, and the lack of provision for communicating

with control or data-logging equipment.

In view of these limitations, I undertook the development of an
automated instrument, the radon daughter carousel (RDC), primarily for
use in ongoing research at Lawrence Berkeley Laboratory into the

behavior of radon progeny indoors. The RDC operates by collecting radon



progeny on one of seven filters located near the perimeter of a disk.
Following the sampling period the disk is rotated to position the filter
unde; a detector where the alpha decays from 218?0, 214Po, and 212?0 are
separately counted during two intervals. The RDC can be operated as a
stand~alone device, froﬁ a data terminal, or under control of a computer
system. The sampling- and counting-interval times and decays betweén
these intervals are each programmable over a range of 0 to 33 minutes.
The RDC 1is substantially simpler in design and construction than the
EWLM, yet radon progeny concentrations can be measured with comparable
precision. The primary disadvantages of the RDC compared with the EWLM
are: (1) a longer measurement time is needed (30 minutes is the practi-
cal minimum for precise measufements of low concentrations with the
two-count alpha spectroscopic technique); and (2) the data must be pro-
cessed off-line, The 1latter disadvantage poses no serious problem as

the processing program can be stored and executed with a hand-held cal-

culator.

This paper describes the mechanical, electronic, and software design
for the prototype RDC (pictured in Figure 2). I also discuss the meas-
urement procedure and the timing optimization, and report on a number of
performance tests which provide indications of the degree of precision

that can be expected in using the RDC.
1. INSTRUMENT DESIGN
A. Mechanical System

The sampling system of the radon daughter carousel has seven filter

holders mounted near the perimeter of an aluminum disk or platter, 20 cm



in diameter. . The filter holdersl® have been modified to reduce the dis-
tance between the filter surface and the top of the holder to 2.6 mm.
Membrane filters,11 which have a collection efficiency for radon progeny
of nearly 1007 with sufficient surface collection for alpha spectroscopy
to be possible,12 are backed by an impermeable paper .gasket. fhis
gasket reduces the diameter of the filter through which air is drawn
from 22.2 to 18.5 mm, thereby preventing a significént fraction of alpha
particles .which would otherwise strike the detector from hitting the
filter holdef cap. A Viton O-ring prevents air from leaking around the
filter. Mounted to the bottom of each filter holder is a brass nipple
which extends 25 mm below the platter. The platter is rotated by means
of a 1 RPM motor to move filters from the sampling position to the
counting position, situated two filter positions (i;e. 102.8 degrees)
apart rather than one to reduce any influence the detector may have on
radon progeny in the sampled air stream. Indentations on the edge of
the platter are sensed by a microswitch to accurately position the

platter. An aluminum cover minimizes diffusive deposition ("plate-out")

of radon progeny on filters in other than the sampling position.

To sample air, a nylon cylinder is pneumatically driven upward to
couple to the brass nipple (see Figure 3). An O-ring provides an air-
tight sgal between the cylinder and the nipple. A photo transistor and
light-emitting diode are used to detect the cylinder position. Pressure
to the pneumatic drive is supplied by the same diaphragm pump13 used to
draw the air sample. The intake-vent and exhaust-vent solenoid valves
are opened briefly when the pump is started to ensure that it does not
stall. Mechanical malfunctions which cause the platter to stop out of

position or the cylinder to fail to move up or down are detected by the
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microprocessor which will attempt, once, to correct the problem before

entering an error state.

To ensure constancy of flow rate during a single sample, and as the

14 which maintains a constant

filters become loaded, a pressure regulator
pressure difference across the flow adjustment valve is installed in the
exhaust stfeam of the sampling pump. The typical sampling flow rate is
eight liters per minute; to measure the flow rate precisely the exhaust

is connected to a dry-test meter and the total volume sampled over 24

hours is used to determine the mean sampling flow rate.

The RDC 1is designed to operate for periods of several days without
attention; when sampling in air with low to moderate particulate concen-
trations, the flow rate ddes not drop significantly over one week. (In
one recent experiment in a room with a high concentration of tobacco
smoke, the filters became sufficiently clogged after only seven hours of
operation that the sampling interlock cylinder failed to disengage. 1In
such a case longer times to failure can be achieved by reducing fhé flow

rate, reducing the sampling time, or reducing the frequency of sam-

pling.)
B. Electronic System

Alpha particles are sensed by a 27.6 mm diameter surface-barrier
detector!® which has a light-tight front surface of aluminum, 1850
angstroms thick. The front face of the detector 1is 5.7 mm from the

filter surface, and the gap contains air at atmospheric pressure.

A bias of =100 V, derived from a DC~-to-DC voltage converter,16 is

applied to the detector (see Figure 4). Pulses from the detector are



preamplified; then fed into a two-stage inverting amplifier with a gain
of approximately 50. The amplifier output is buffered and made available
at the rear panel of the RDC for optional 'input to a mwmulti-channel
analyzer. This output also.drives a three-channel analyzer with thres-

218Po, 214Po, or 212

holds set so that an alpha particle from Po triggers
a pulse on channel A, B, or C output, respectively, each monitored by a
five-decade counter. The counters are interfaced to a five-~digit

17, which controls

front-panel display and to an eight-bit microprocessor
the operation of the RDC. Solid-staté relays provide the interface
between the computer and tﬁe electromechanical devices (pump, platter
motor, and three solenoid valves). The microprocessor monitors the
cylinder-position sensor and the platter-position switch, as well as
front-panel control switches for advancing the platter and starting a

measurement sequence. The processor also controls eight measurement-

status lamps on the front panel.

The program under which the microprocessor operates resides in
electrdnically-programmable réad only memory. The program capacity of
the RDC 1is 2048 bytés; the current progrém utilizes 1440 bytes.
Random-access wmemory (RAM) used for program execution and data storage

is provided by the 64 bytes of on-chip RAM in the microprocessor.

The RDC 1is designed to primarily be operated either from a data ter-
minal or as a slave to another computer. Communication is over an EIA
RS-232C data line with a universal asynchronous receiver transmitter at
30 characters per second. This data rate was selected to permit opera-
tion of the RDC with a wide range of printing terminals; the low rate of

data production by the carousel (one string of 65 characters per meas-



urement, typically every 30 minutes) makes this transmission rate prac-

tical.
C. Software

The software for the RDC was written to pr§vide flexible and simpie
use of the instrument, while at ;he same time minimizing the program
developmént time. Two types of keyboard entries are permitted: parame-
ter assignment and command. Eight parameters, wused in controlling
automatic operation of the carousel, may be assigned by the wuser with
the format p=dd, where p is the parameter designation (A-H) and dd are
two decimal characters (hexadecimal for parameter G) to be assigned to p
(see Table 1). For parameters representing times, each unit represents
20 seconds, and setting the value to 0 causes the carousel to skip that
state 1in automatic execution. Thus, in addition to its normal sample
and two-count operating mode, the carousel can be programmed to execute

218

the rapid single-count procedure for measuring Po concentrations and

estimating the potential alpha energy concentration (PAEC) of radon pro-
geny.18 One could also use the carousel to monitor alpha decays frbm a

filter (or other suitably sized material) and print the results over

intervals ranging from 20 secs to 33 minutes.

Commands are used to operate the carousel manually, inquire about
status and results, and start an automatic measurement. (See Table 2
for a 1list of commands and their functions.) When the carousel 1is 1in
automatic operation, only commands that inquire about status or results,
or those that reset the machine may be executed. New parameters, on the

other hand, may be entered at any time.



2. DATA ANALYSIS AND TIMING OPTIMIZATION

The six counts resulting from the two-count procedure are first

218

corrected to obtain four values: counts due to Po decay in the first

214

count interval (Nl)’ counts due to Po decay in each interval (N2 and

N3 for the first and second interval, respectively), and counts‘due to

21231 and 212Po decay summed over both intervals (Né)' Three correc—

tions to the raw count totals are applied to obtain these values: (1)

background count rates are subtracted (these are approximately 0.05,

1

0.01 and 0.00 min * for channels A, B, and C, respectively); (2)

energy degradation of the alpha particles is accounted for (the mean

214

ratio of channel A to channel B counts due to Po decay was measured

212

to be 0.025; the ratio of channel B to channel C counts due to Po

214Po spectrum, is estimated to be

212

decay, determined by analysis the
0.11); and (3) counts in the channel A due to Bi are transferred to
channel C. (The number of counts so transferred is 0.54 times the

o212

number of counts due to Po decay.) Sampled radon progeny concentra-

tions are then computed from the equation

1 3 ‘
I, = 7 z K..Ni Q)
i jop J1

where Ij is the activity of the jth radon decay product
(218Po, 214Pb, and 2l4py respectively)
in pCi/1,
n 1is the detection efficiency of the system
(counts/dis),

V 1is the sampling flow rate (1/min),



and K is a 3 x 3 matrix whose elements depend on sampling
and counting interval timing (pCi dis™! min~1)

(see Appendix).

‘The PAEC (pR) of radon progeny is obtained by

where Ly = 0.00103 K 4 + 0.00507 Ky; + 0.00373 K34 (WL dis™' min71).

The counﬁing—interval timing for the RDC has been optimized to pro-
vide the maximum precision for measuring individual radon progeny con-
centrations with fixed total measurement times. The optimization param-
eter used was the mean of the three adjusted minimum measurable concen-
ttationé (MMC’) of the radon progeny, defined as the concentrations -at
which the relative standard deviation in the measurement is 207 assuming
a sampling flow rate of 8 1/min, a detector efficlency of 0.27 and

214Pb:218 214Bi:218

activity ratios of 0.5 for Po and 0.4 for Po (taken to
be representative of ratios found inside houses with relatively low
air-exchange rates, i.e. less than 0.5 ach). Figure 5 is a plot of MMC’
for each decay product versus total measurement time for the two-count
alpha spectroscopic procedure with a 5-minute sampling time. For meas-
urement times in the vicinity of 30 minutes, small increases in measure-
ment time are seen to substantially improve measurement precision for
214Pb. This observation can be understdod by recognizing that 214Pb
decays do not directly contribute to observedAcounts; sufficient time

‘for decay of it and its product,‘214Bi, must be permitted for it to be

measured precisely. With a measurement period of 35 minutes or more,



the RDC is capable of measuring concentrations of approximately 1 pCi/1

or less with moderate precision.

Because the RDC is designed to reuse filters, some alpha activity
may be present when sampling begins. Count totals can be corrected for
the effects of this préviously deposited activity. However, for meas-
urements of radon progeny it is rarely necessary: for a 30;minute meas-—
urement period, the correction is negligible for channel A, while for
channel B it is approximately 1% of the counts from the previous use of
" that filter. The accumulation of thoron progeny activity i1is signifi-

£ 212Pb, and this fact is exploited

cant, because of the long half-life o
to estimate the potential alpha energy concentration of thoron progeny
(pT),19 even though in most indoor environments the activity in channel
C resulting from a single 40-liter sample would be insufficient to meas-
ure pg precisely in a 30-minute period. For the first several measure-
ments with initially clean filters, N4 for a given Pp depends substan-

212 d 212Bi. After one

tially on the degree of equilibrium between Pb an

day this dependence is reduced so that pp may be estimated, without

knowing the relative concentrations of 212Pb and 212Bi, using the for-
mula
pT = E%-tN4

(3)

Values of t for three timing sequences are given in Table 3, assuming
either (1) that the activity concentration of 212p4 45 zero (tg)s or (2)

that the activities concentrations of 2!2pb and 2121 are equal (te).

-10-



3. PERFORMANCE TESTS

An alpha spectrum for the RDC, showing 218Po and 214p, peaks as well
as threshold settings for the three~channel analyzer 1s presented in
Figure 6. The primary source of energy degradation in this spectrum
appears to be tﬁe self-absorption of the filter. Only modest poftions
of the 360 keV FwﬁM are accounted for by energy loss in air (160 keV
according to a Monte~Carlo calculation), energy loss due to particulate
loading (less than 1 keV for dusty étmospheres), and the energy resolu-
tion of the detector (30 keV according to manufacturer-supplied data).
Energy 1loss in the membrane filter could account for the degradation
observed if radon progeny penetrate through 5% of the filter thickness
during sampling. The contribution of electronic noise in the preamplif-
ier and amplifier may also be significant; however it is probably less

than that of filter absorption.

Two techniques were used to determine the detection efficiency of
the carousel: (1) an electrodeposited 241Am source, with an 18-mm diam-
eter active area, and activity certified to 0.7% by the National Bureau
of Standards, yielded an efficiency of 0.274; (2) a Monte-Carlo calcula-
Vtion for this source taking 27.6 mm for the detector diameter (nominal
specification from manufacturer), and 5.7 mm, as measured, for the
source-detector spacing yielded 0.283. The discrepancy may result from
inaccurate centering of the source under the detector. I use 0.271 as
the efficiency for filter samples which have an 18.5 mm sampling diame-
ter, causing a 0.003 reduction in efficiency relative to the 18 mm

source.

-11-



The accuracy and reproducibility of positioning the filters under

241Am source. First the source was

the detector were tested using the
placed in each of the seven filter positioné in turn and counted for ten
minutes. The mean number of counts was 33,560 with a standard deviation
of»311, so that the estimated error (SD) due to filter positioning is
0.7%. Reproducibility was tested by placing the source in one position
and rotating the platter 360 degrees between 10-minute counts. - The

standard deviation for 14 count periods was 213; thus the estimated

reproducibility error of a single position is 0.3%.

The flow-rate stability of the RDC was tested by connecting the

20 which, in turn, was monitored

exhaust port to an electronic flowmeter,
by a microprocessor data logger. The carousel was programmed to collect
a 5-minute sample every 30 minutes, and allowed to run for one week.
During the central four minutes of each sampling period, the microcom-
puteri read the flowmeter output voltage, typically 400 times. After
each period, the mean and standard deviation of the flow rate measure-
ments were printed. The mean and standard deviation for the 329 samples
were 7.91 and 0.08 lpm, and there was no apparent trend toward Ilower
flow rates as the filters became loaded. Thus, determining the flow
rate of individual measurements by measuring the average flow rate over
several measurements (using a dry-test meter, for example); is expected
to contribute 1% to measurement uncertainty. The average standard devia-
tion of flow rate during a single sampling period was 0.0l lpm, and the

maximum was only 0.09 lpm, so the assumed condition of constant flow

rate during sampling is reasonably satisfied.

-12~-



As a final test, six measureménts of radon progeny concentrations in
a research house were made simultaneously with the RDC andvby grab sam-
pling, also using alpha spectroscopy. During this experiment radon pro-
geny éoncentrations ranged from.25 to 70 pCi/l. The mean and standard
deviation of the ratios of measurements by grab-;ampling to those by the

RDC were 1.07 % 0.05, 1.04 + 0.07 and 1.03 + 0.04 for 218p,, 214

214

Pb, and
Bi, respectively. Thus, in spite of the fact that these two devices
use the same measurement principle, and were calibrated with the same

alpha source, there appears to be a small systematic bias between them.

' The results of the optimizations and performance tests 1indicate

s

that, while for radon progeny concentrations greater than about ten
pCi/1l uncertainties associated with efficiency and sampling flow rate
determinations are important, for concentrations less than a few pCi/l
measurement uncertainty will be dominated by counting statistics. One
shortcoming of the analysis reported here, and, indeed, throughout the
literature, is that the primary efficiency determination is based on an
electrodeposited alpha-emitting radioisotope (such as 241Am) -- there
are no radon progeny standards. Researchers at our laboratory, and
elsewhere, are exploring the possibility of generating known concentra-
tions of radon progeny indoérs which would then be collected on filters
and used to calibrate instruments such as the RDC. Such calibrations
could.be based on 226Ra solutions from the National Bureau of Standards
and would thus provide a consistent basis for calibrating radon and

radon progeny measurements.

-13-
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APPENDIX: CALCULATING THE K-MATRIX ELEMENTS

A measurement timing sequence is specified by (to, tia = tipr t2a -

t2b) where,

t, is the sampling time,
tia is the start of the ith counting interval,

tip is the end of the ith counting interval,

and all times are referred to the beginning of sampling.

Solving the Bateman equations, the corrected observed counts can be
expressed as linear combinations of the radon progeny activity concen-

trations:

3
N, =nvVv I H,.I,. i=1-3 (A1)

For alpha spectroscopy, the H-matrix elements are given by

Hyp = 6p(tp) = 610800
(A2a)
Ry = 0, j=2,3
(A2b)
sz = G3j(t1b) - G3j(tla), j=1-3
(A2¢c)

-18-



and H3j =_G3j(t2b) - G3j(t2a). - j=1-3

(A24d)

The functions Gij(t) give the number of decays on the filter during
the interval t, tot of the ith decay pro&uct due to sampling one pCi/l

of the jth decay product at a rate of one 1/min.

2,22 '
1 (A3a)

f £..£f £..f
_ 2,22 21731 12732 13723
TR e e R
(A3B)

f
2.22 32 23
G32 = DY l:;—— Zz(t) + S Z3(t)]

2 2 3 (A3c)
2.22
and G33 = -;f—-Z3(t).
3 (A3d)

-

In these equations Aj is the decay constant of the jth decay product

(A = 0.227 min”!, ), = 0.0259 min!, and Ay = 0.0352 min”l);

(Ada)
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=i, t -Ai(t'- to)

and Z,(t) = (1 -e "°) (1-e ).
(A4b)
Equation (Al) is inverted to obtain
. X . |
I,= < Z K,N,, j=1-3 (A5)
b Wy Jid

and the K-matrix elements are obtained by inverting the H-matrix.
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Table 1

Designation Parameter
A sampling time
B first delay interval
C first count interval
D second delay interval
E second count interval
F post-measuremegt delay
G operation mode
H filter currently under detector

ok
Decoded bit-wise

alrijelplsxtx]x

MSB LSB
a=] => automatic recycle
r=] => attempt error recovery
e=] —> echo commands and print errors
p=1 => print results at end of measurement
s=]1 => turn on sampling pump during sampling interval
X => not used
Table I. Assignable parameters for automatic operation of the RDC.

Parameters A-F may take values from O to 99 and are in units
of 20 seconds. The operation mode is entered in hexadecimal

and decoded as noted. The filter number can be 1-7.
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Table II

Command Function
{CTRL] A: advance platter :
[CTRL] B clear counters and start counting
[CTRL] C print current contents of counters
[CTRL] D print data memory bytes 29-64
[CTRL] H print status and time remaining in current state
[CTRL] P print output data message (same format as at
x end of measurement sequence)
[CTRL] Q stop counting
{CTRL] R* reset - re-initialize system
[CTRL] S, start sampling pump and raise cylinder
[CTRL] T lower cylinder and stop sampling pump
[CTRL] X go to idle - stop current operation but
T a do not reinitialize parameters
[CTRL] 2z start automatic measurement sequence

* L
may not be executed when the RDC is in automatic measurement

sequence.

Table II. Radon daughter carousel commands.
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Measurement Timing

[to,t

Radon Progeny Calculation Constants

1 (min) i K K K

Table III

L

Isotope

MMC!

Thoron Progeny Calculation Constants

t

1a~%1b* %227 %2 11 12 13 1 a - e
- - - - -1, -1
(pCi.dis 1-m1n 1) (WL.1.dis l.min 1) (pCi/1) (WL.1.dis "~ .min )
-5 218 0
5, 5.33-12, 20-30 1 0.047326 0 0 4.875 X 10 o .6 . B
2 -0.005502 -0.025707 0.030377 -2.270 X 107° 24y, 1.5 1.55 X 10 1.40 X 10
3 0.000595 0.022289 -0.006583 8.906 X 10> 21y 0.5
-5 218
S, 5.33-16, 26-45 1 0.040517 0 0 4.173 X 10 oo 0.5 . y
2 -0.004951 -0.010871  0.014443 -0.634 X 107° Ly, 0.5 1.32 X 10 1.13 x 1074 .
- 2
3 0.000618 0.014273 -0.004118 5.764 X 107> Lag, 0.3
-5 218 :
5, 5.33-18, 30-60 1 0.039130 0 0 4.030 X 10 Po 0.5 . By
-0.004862 -0.006964  0.009152 -0.618 X 107> 2L4py, 0.3 1.22 X 10 1.00 X 10
- 2
3 0.000640 0.011941 -0.002916 5.032 X 107° Tagy 0.3

Table I1T1.

Calculation constants and adjusted minimum measurable concentrations for the radon

daughter carousel used with selected, optimized measurement timing. The five mea-

surement times give the time of the end of sampling and the beginning and end of the

first and second counting interval, respectively, all referred to the beginning of

sampling. Equations 1-3 in the text give the relationships between radon progeny

concentrations and radon and thoron progeny potential alpha energy concentration,

and the counts observed.
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RADON DECAY CHAIN

' THORON DECAY CHAIN

showing the half-1ife of each isotope, its mode of decay,
and, for alpha decays, the decay energy. Inhalation of the
shaded 1isotopes is the primary radiological concern: their
half-lives are short compared with lung clearance times, and
yet long enough to reach significant number concentration in
air; their decay leads to an alpha particle emission before
a stable or long half-life element is formed. The shaded
alpha decays both cause the primary biological damage and
are used to measure radon and thoron progeny.

222Rn 220Rn
3.8 day 54 sec
a(55 MeV) | a(6.3MeV)
i
W— SR 216
SR8, Po
Po 0.2 sec
305 min
' a (6.8 MeV)
"’G(G.OMGV) - ':. o — 3
214, B 24 Bl 24 apb | 221 -~ 22po
TUPb -] TTUBI > Po ~ 106 hr 60.5 min | 65%| 0.3 nsec
-26.8 min - 197 mi 160 ' - ——
6.8 k97‘mm H Sec a (6.1 MeV) G eV
a (7.7 MeV) 135% (e
\ ,
2105, _ 208, - B | 2085,
n 3. min "]  Stable
19.4 yr :
XBL 831-1056
XBL 831-1055
Figure 1. Decay chains of a) 222Rn to 210py, 4nd b) 220Rn to 208Pb,
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G
2’ ,E}' Wl;f’;i@“‘as

o

B

i

CBB831-386

Figure 2. The prototype radon daughter carousel. It measures 62 cm X
30 cm X 18 cm and weighs 22 kg.
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Radon Daughter Carousel
Air Sampling Configuration

the intake and exhaust vents are opened briefly while the
pump is started. The exhaust vent is then closed and the

pneumatic drive ‘activated to raise the cylinder to couple -

with the nipple. The intake vent is then closed to draw air
through the filter.

platter filter holder -
i A - 0
ni Ie"]”l—' o \aphragm pump P, exhaust
PPE L position REF . . o
| i sensor :Dé’:
53Kl || BRIE T
| L?LK — IN YPOUT
platter motor  cylinder | ~NC NO ' o pressure regulator
(1rpm) S E _in'fatke |
| - ven - A
C | | |} NC | ,
’ . | exhaust
“NO ™ NC : | — vent
pneumatic drive | |
for cylinder
> XBL 8I10-1374
Figure 3. The air sampling aésign of.the carousel. To start sampling,
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Radon Daughter Carousel Electronic Block Diagram

-lO0V
. HV supply
surface -barrier test in >— _
detector ] preamp Front panel
filter switches / — ] qi :
olatter and ir sampling and |
platter-motor control

o cylinder 4 :
discriminator/ o position
three-channel analyzer [ Po sSensors

Lo < -
—’ >—— : - microcomputer
V Mldl. 214 po| I
amp
Hil - U
N 2
P

Y 9 serial port
amp output < T
|
Data Status |
%Bﬂgfgge to terminal
Front panel display or host computer
XBL 8110-1373

Figure 4. Radon daughter carousel electronic block diagram.
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® | =
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C
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020 30 40 50 - 60
Total measurement time (min)
XBL 831-1054
Figure 5. Adjusted minimum measurable concentration of rad

on progeny, as defined in the
text, vs. total measurement time for the two-count alpha spectroscopic tech-
nique. The sampling time and delay time before counting arﬁla.O 9%2. 35?420
sec., respectively; the radon daughter activity ratios Po: Pb: Bi =

are
1.0:0.5:0.4; the product of detector efficiency and flow rate is 2.2 1/min.
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600 |
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360

240+

Counts /channel
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LLD

2|8PO

1

uLD
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Figure 6.

J m
200 400 600 800

Channel number

Alpha spectrum for the radon daughter carousel showing set-
tings of the thresholds on the three-channel analyzer.
Pulses with amplitude between LLD and MLD are counted in
channel A, between MLD and ULD in channel B, and above ULD
in channel C. The energies of alpha particles striking the
detector corresponding to these settings are approximately
1.5 MeV for LLD, 5.9 MeV for MLD and 7.6 MeV for ULD.
Roughly 0.4 MeV is lost penetrating 5.7 mm of air. For this
spectrum approximately 150 pCi/l1 of each decay product was
sampled for 5 min at 8 1/min through a 0.8 pm-pore membrane
filter. After a delay of one minute a 400-Eecond spectrum
was collected. '

1000

XBL 832-1210



This report was done with support from the
Department of Energy. Any conclusions or opinions
expressed in this report represent solely those of the
author(s) and not necessarily those of The Regents of
the University of California, the Lawrence Berkeley
Laboratory or the Department of Energy.

Reference to a company or product name does
not imply approval or recommendation of the
product by the University of California or the U.S.
Department of Energy to the exclusion of others that
may be suitable.




TECHNICAL INFORMATION DEPARTMENT
LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720





