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‘equilibrium conditions’ should be abou\. 33% relatlvo
standard deviation (RSD) or: lower.*‘ ol
RSD (stondard d vlatlon/ 0=3 ¥

s further compucated by'th pa iculerly short ha!f-' itk
-llfe, 3.05 minutes, of RaA (Po?19), - Since.three R~
' 'S - RaA, RaB'(Pb214) and: RaC (Bi214) '~ are of
'tequatlons Interrelatlng these Rn—daught_er

;.,velop the' equattons which relate the qive :
daughter concentratlons 0. the ‘ob!

ctive-series decay. These equatlons. although .
tralghtforward ‘are ‘cumbersome to solve.: To facﬂi,
4 v t:use of these equations, a computer
" program has been written which permits the calculatton
' of Rn-daughter concentrations or ‘expected counts for a'
_given set of measyrement parameters’ ({low rate and :

-detector efficlencies).-A subroutine theén calculates: the
.optimum pumping and. countlng times required to provlde
the mumber of counts necessary for acceptable -statis-:
“tics at environmental levels of 222Rn-daughter concen
‘trations. :This subroutine contains a set of parameters
- flow rate and efﬁciencles, that are fixed ‘using 'realis=~
: T(hez use of these opumlzed pumping

o Rn-daughter‘de rmin tlon from observed alpha and’
o '-,beta ‘counts and'the instrumentation based onthese -
o prlnciples. < The: lowest detectable. ‘concentrations wlth
. these early instruments were around‘}’ pC4/liter, For -
" - environmental‘applications an instrument with a dete
L tlon limit of about 0.1 pCi/uter corresponding to about
.7 103 Worklng Level (WL) in equilibrium seemed desir-
" able, 'At such low concentrations the number of Rn‘
. daughter atoms. per liter of air. is very: small {e,g.,; >
" 0.1 pCH/liter in equilibrium’ corresponds to about.1 RaA=-
BT atom/ltter, 9 RaB--atoms/liter and ‘6 RaC~atoms/1iter of -
©“alr). -This implies that the number of observable disin~
. tegrations is also: drasucany reduced; _and an optimlza‘
- tion of the measurement sensitlv.lt under exjstlng me-=
- .chanical, physlcal and' ints be

.'d = delay time ’(nun)*‘

: tD = decay or oounting me: (min)

Thls delay is’required.in order to: ovide t!me for
the h-ansport assembly

It _fOIIOWS .immediately from 1) ‘that d should be assmall

-The operattng oharacteristlcs of the filter membran
transport system required that.d = 13 sec {0.2167 mln).
It 1s also clear that V should be as large as possible. :
The need:to conserve a sharp alpha spectrum; and limi~
tation of thé 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 ex-
perlmentally that: penetration ‘of .the aerosol particles ’
into. the filter was not- s!gnl.ﬂcant for this.flow rate and v
that the' deformation of the filter’ ‘membrane by the force
.. -of the air stream was.tolerable, ' An enlarged air sam-
pllng port size (the diameter.of the air sampling port'is
30 mm) would have allowed us to use a higher flow rate, :
. but the corresponding increaseé in counts would have
* been insignificant’ since the diameter of active area of, -
““the detector was fixed at 30 mm, .Since the mstmment
: wm use ac power, the power consumptlon of the motor -

tlons 'should be completed ina reasonably short timé
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Fﬁﬂm for the pump was not a llmmng cons!deration.
. ‘With the size of the air sampling port and the detector
d we proceed tcs investigate the values of ﬂ*e‘ .

—
-n~-.
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,"wrltten to handle these equatxons for all thrn 22231)-
-daughter concentrations. This subroutine calculatesthe’
:nine required coefficlents (C3~Cg) for the set of equa-
tions listed below which relate tl?m Rn~-daughter concen-
-tratlons (in atoms/liter) to the observed counts corrected
p { pof the RaA and RaC' spectmm

B+C= ",Cz 8 + c EG)VNAl

#1042, e

aughter concentratlons
‘in the program: (NA
.31 atoms/liter) AT
 the N as .
' ,beta efficien- -j-'

=0,977, NB = 8,585 and Nc
reaustic flow:rate is also fized ,
well as the alpha efficiency'and’ ‘the.

cles (EA, BB and Bc, respecttvely

tei‘ (BA = 38 5475- v .
sugqested to us th

; ‘The program. calculates these counts[A, (B+C) and G']
for each requested pumping and counting: times The - .
. program-asks for pumping: time limits and'then for - "
counting t!me Mmits. It then asks for:the’ 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 RaC! counts In the C channel
and the Working Level. An example is Msted below:.

Pumplng Countlnq ‘RaA 'Ra(B+C) RaC*. .
“lme Time. - Counts’ Counts Counts WL

2.8 19 ;_ 31 .23  0.00098
“3l0 20 33 25 0.00098
3,2' ?, 21- .3 26 0.00058

disi ssed. earller, 1t was shown that for Rak the - e
counts were matimized by fixing’ tg= tp for any given -
suin ‘of pumplng and counting times. ' The results of the

y th :
spondmg to (1) for these other nuclidas. (-3
: used the co:;z}fu rjprogram gl_escrlbed

ap of the: RaC' spectrum into

erre ates ‘the observed [RaA “Ra(B+C)
222Rn-daughte ‘ncent;atlons

ed in: ‘derived

generate a

_z"""’"’ ghter cor

. th.' "‘ o

* It becomes obvlous.that new coefficients arerequtred R T R PR

or, each change of pumping’ ‘or:counting times, This re= SR NSRRI -~ , pA "
julces excessive mathematical manipulations evenfor a R R o T -
' frocrammabte calculator., subrouttne was" ST : L testemcO i,

e mem scvemsat o . ee e . m—.—-
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FFI»‘or spec.lﬂc deslgn crtterla, soch as battery-powared .
. operation, it may be.desirable to compromise the time . ©"

. parameters. - The differences {n counts at low- Working - O

"since a“short pumpmg time may be desfrablé; a small
loss in the optimum *‘atlo.

s Pumplng Countlna :

ﬁus plot of the computer output data also shows the
kymmetry ohserved between the pumpling and counting

" #imes. This implies that the same countswill be gener~
ated for specific fixed measuring times (tg + tp), when
the counting time and pumping time are interchanged
[i.e., (tg+tp) =6 = (2.0 + 4,0) or (4,0 + 2,0)]. This
information would be very useful when power is ltmited,
such as with a battery-powered Instrument, since the -
pump motor is the major power draln of the system. It~

.. should be pointed; out, however, that unequal pumping . .
" and counting times wlll not produce the maximum count. R

Levels are small for short measurement perlods, and,

increase in measurement time would .compensatevfor~ th
.For: example- CETEITT

‘RoA Ra(B+C) RaG' '
Tlme : Time . Counts Counts Gounts WL_

' '.l‘he next quest!on to be addressed Is whether the pre-
. dicted counts are ‘adequate to yleld the desfred preci-. =
*._ . slon'at these environmental levels? Based on the cal-- .
* - culation of the relative standard deviations (RSD) of -
- the: predicted counts, .adequate preclsion {s.obtained
at envlronmental Ievels as shown in the. followlng

" - table. S

2.0 80 21 e ‘-28"1:,6;963_:,'1"6"'." "

Re]ations.hip of Counts toRSD at Speclﬂc Concentratlons :
o Rn—daughter R Background ,
" ,RSD (9Q_ concentrations : Counts ~ . Counts -
_30.5 ReA- 0, 100pc:/r,_ 0 0
72,5 . ReB 0,096 pCi/L 33 . 15%
26,7  RaC 0.101p04/L° 25 0
30,8 WL 0.888x10 - - .

‘% This background count corresponds to a gamma back- N

ground of approximately 5 yR/hr

Concluslon .

‘We have descr!hed a procedure for: the des!gn of a.
222Rn-daughter monitor for environmental concentra-
tions of 0.} pCi/liter or higher. We found that these
concentrations could be measured with adequate preci-
sion in a gamma background of about'10 xR/hr. within
approximately 6 min in a fully automatic manner, We

" have also_shown that the program discussed is very

vseful in a variety of designs and that no one sét of

" design parameters will be the optlmum for every con-
- celvable Instrument. A device designed according to
- these principlesl»2.:3 1s presently being used by the

United States Environmental Protection Agency to nonl-
tor dwellings in I-‘lorlda. _
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