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AN U1PROVED TECHNIQUE FOR MEASURING WORKING LEVELS 

OF RADON DAUGHTERS IN RESIDENCES 

William W Nazaroff 

Energy Efficient Buildings Program 

Energy and Environment Division 

Lawrence Berkeley Laboratory 

University of California 

Berkeley, CA 94720 

Many techniques have been employed to measure radon daughter levels 

in buildings. Perhaps the most widely used technique is the modified 

Kusnetz method. The original technique (Ku56) was designed for sampling 

high radon daughter concentrations in mines and, as a result, signifi-

cant statistical errors occur when it is used to measure radon daughter 

activi~ies below -0.01 Working Level (WL). This note describes our 

modification of this method, which involves extending the counting time 

to reduce the uncertainty of low-level WL measurements. At the Lawrence 

Berkeley Laboratory, we have successfully employed this technique to 

study the effects of reduced ventilation on levels of radon(222Rn) and 

its daughters in residential buildings. 

• The original Kusnetz method involves passing a known volume of air 

through a filter paper and, at any time between 40 and 90 minutes after 

the end of sampling, measuring total alpha activity on the filter by 

Keywords: indoor air quality, instrumentation, radon, working level 
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means of an alpha decay ratemeter. This method is based on the fact 

that the total alpha decay rate of radon daughters per WL during this 

interval is nearly independent of the degree of disequilibrium in the 

sampled air (see Figure 1). The radon daughter working level is calcu-

lated from the formula 

where 

A 

v 

to 

F 

WL 
A 

t VF ' 
0 

is the alpha decay rate (disintegrations per minute), 

is the volume flow rate of air sampled (liters per minute) , 

is the sampling time (minutes) , and 

is the time-.dependent instantaneous normalizing 

factor (see Table 1) known as the Kusnetz factor 

(disintegrations per minute/liter/WL). 

The Kusnetz method was modified when portable scalars were developed 

permitting alpha decays to be discretely counted and summed over a time 

interval (Br72). As currently used, the total alpha count is taken for 

a short time interval (generally five to ten minutes) and the count rate 

is determined by dividing the total decays by the counting time (Co 77). 

The Kusnetz factor selected corresponds to the midpoint of the counting 

interval used (see Table 1). Certain small, systematic errors occur 

when using the modified Kusnetz rethod: The first derives from Kusnetz's 

own assumption of zero sampling time, which he acknowledged to be 

incorrect; a second derives from the assumption of linear decay over the 

counting interval; and a third derives from uncertainties in the rela-

tive activities of radon daughters. High-speed computers make the first 
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two easy to correct.· The third errur, however, is inherent in using a 

single measurement to determine the working level. A more serious draw-

back in our view is the sensitivity limitation of the modified Kusnetz 

method because of its short counting times. For example, assume air 

containing .001 WL [10% of the lower end of the health guideline recom-
L1 

mended for houses built on phosphate reclaimed land in Florida (Fe79)] 

is sampled for ten minutes at ten liters per I:linute. Application of the 

modified Kusnetz method with a five-minute counting time and a detector 

efficiency of 0.25 will yield 20 counts. Assuming Gaussian statistics 

apply, the statistical uncertainty of this measurement is greater than 

20%. 

The precision of the working level measurement is improved by using 

longer counting times and an integrated, rather than instantaneous, nor-

malizing factor. This factor, denoted K, is simply an estimate of the 

number of disintegrations per WL per liter/minute of air sampled for a 

given sampling time and counting interval. Our procedure for determin-

ing K is described below: 

1. A number of reasonable disequilibrium conditions over whic;}} the 

integrated factors were to be averaged was selected. The degree of 

disequilibrium is denoted by two parameters, R1 and R2 , where 

R1 
Volume Activity of 214Pb (RaB) 

Volume Activity of 218Po (RaA) ,_, 

.. 214Bi 
and R2 

Volume Activity of (RaC) 

Volume Activity of 218Po (RaA) 
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The volume activities are expressed in units of picocuries per liter 

(pCi/1). The eight conditions selected are intended to span the range 

of values likely to be encountered (see Table 2). 

2. The differential equations for the activity of radon daughters 

collected on a filter paper were solved. Similar calculations appear in 

the literature (Ev69, Ha69) and are not repeated here. 

3. With the assistance of a computer program, the normalized alpha 

decay rate is computed as a function of time for a given sampling time 

(t
0

) for each of the disequilibrium conditions selected. This function 

is denoted Xi (t
0

, R1 (i), R2(i); t). Figure 1 is a plot of X1, X4 and 

10 minutes. 

4. K is then computed as 

K(t ,t ,t
1

) 
0 X 

1 8 
l: 

8 
i=1 

t -

J1
[Xi(t

0
,R1 (i),R2(i);t)] dt 

t 
X 

where tx is the time between the beginning of sampling and the beginning 

of counting, and t 1 is the time between the beginning of sampling and 

the end of counting. 

The values of K are obtained for sampling times t
0 5, 7, 10 

minutes, for wait times (tx t 0 ) = 40, 43, 45, 50, 55 and 60 minutes, 

and for count times (t 1 - tx) 5, 10, 30 and 60 minutes (see Table 3). 

The working level is computed as 

WL 
c 

nVK ' 
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where c = counts recorded 

n counter efficiency (counts/disintegration~). 

In field measurements, we most often use the regime (t
0

, tx, t 1 ) 

(10, 50, 80 minutes) in order to offer a reasonable compromise between 

total measurement time and counting uncertainty. 

Table 4 compares the errors occurring in this method with those of 

the modified Kusnetz method. The statistical errors are calculated as 

the square root of the number of counts recorded. The systematic errors 

noted reflect the overestimate of working level for specific equilibrium 

conditions due tb the fact that K and F, in some sense, are average 

numbers. It is evident from the table that statistical errors dominate 

the systematic errors at low daughter concentrations. The statist ica 1 

errors occurring in the integrated method in the (10,50,80 minute) time 

regime are half as large as those in the modified Kusnetz method. vJe 

conclude that the modified Kusnetz method is adequate for many applica-

tions, but that the method presented here can be used to obtain more 

precise results in situations where low concentrations of radon 

daughters are being sampled. 
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Table 1. Kusnetz factors for various times after sampling (Ku56). 

t' (min) F (dpm/liter · WL) 

40 150 

50 130 

60 110 

70 90 

80 75 

,_, 90 60 
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Table 2. Radioactive equilibrium ratios used to determine the 
integrated normalizfng factors. 

i 

1 1.0 1.0 

2 0.9 0. 75 

3 0.8 0.6 

4 0.7 0.5 

5 0.6 0.4 

6 0.5 0.25 

7 0.4 0.15 

8 0.3 0.1 

R
1 

(i) RaB 214Pb(pCi/£) 
= -- = 

RaA 218Po(pCi/£) 

214Bi(pCi/£) 
R2 (i) Rae 

= -- = 
RaA 218Po(pCi/£) 
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Table 3. Integra~ed normalizing factors for various time regimes. 

* (t ,t ,t
1

) (min) 
0 X 

(5,45,50) 

(5,45,55) 

(5,45, 75) 

(5 ,45,105) 

(5,50,55) 

(5,50,60) 

(5,50,80) 

(5,50,110) 

(5,55,60) 

(5,55,65) 

(5,55,85) 

(5,55,l15) 

(5,60,65) 

(5,60,70) 

(5,60,90) 

(5,60,120) 

(5,65,70) 

(5,65,75) 

(5,65,95) 

(5,65,125) 

K(dis/~pm•WL) 

3700 

7150 

18500 

29200 

3450 

6650 

17000 

26700 

3200 

6150 

15600 

24400 

2950 

5650 

14300 

22200 

2700 

5200 

13000 

20100 

(t , t , t
1

) (min) 
0 X 

(10,50,55) 

(10,50,60) 

(10,50,80) 

(10,50,i10) 

(10,55,60) 

(10,55,65) 

(i0,55,85) 

(10,55,115) 

(10,60,65) 

(10,60,70) 

(10,60,90) 

(10,60,120) 

(10,65,70) 

(10,6?, 75) 

(10,65,95) 

(10,65,125) 

(10,70,75) 

(10,70,80) 

(10,70,100) 

(10,70,130) 

* All times are referenced to beginning of sampling 
t

0 
= End of sampling 

tx = Beginning of count interval 

t
1 

= End of count interval 
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7150 

13800 

35500 

55900 

6650 

12800 

32600 

5l100 

6150 

l1800 

29900 

46600 

5650 

10600 

26800 

41500 

5200 

9900 

24900 

38400 



Table 4. A comparison of errors in the modified Kusnetz method 
and the method presented here. 

Statistical 
Error 

Systematic 
Error * 

Normalizing 
Factor 

Work in~ Level 

. 0.01 WL 
0.001 WL 

Rl:R2 

1.0:1.0 
0. 9:.0. 75 
0.7:0.5 
0.3:0.1 

Modified Kusnetz Method 

to, tx, t
1 

(min) 

Improved Method 

to, tx, t 1 (min) 

(10,47.5,52.5) (10,57.5,62.5) (10,50,60) (10.50~80) (10;50,110) 

7.3% 
22.0% 

-1.~% 
-0.4% 
-o, 7% 
-4.9% 

F=l50 

7.9% 
25.0% 

-4;0% 
-2~2% 
-1.6%' 
-2.3% 

F=l30 

5 .ll~: 
17.0% 

+0.4% 
-0. 9~~ 
-0. 3/; 
+1. 2% 

K=l3800 

3.5% 
11.0% 

+2.5% 
+0.6% 
-0.1% 
-0.3% 

K=35500 

2. 7% 
8.5% 

+4.2% 
+1. 7% 
+0.4% 
-1.7% 

K=55900 

*For systematic errors,"+" indicates an ov~restimate. of WL, while"-" indicates 
an underestimate. 
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ALPHA DISINTEGRATION RATE OF 
RADON DAUGHTERS ON FILTER PAPER 

Radioactive 
equilibrium ratios 

\ R1 :R2 
\ ---- I .0 : I .0 

\ . ' 
\ ' 0. 7 :0.5 

\ ' 
' ' \ ~ . 
' ------. 

Begin sampling 
End sampling 

-·----- 0.3 :0.1 

20 40 60 80 100 120 
Time (minutes) 

XBL 7910-4372 

Fieure 1. Alpha disintegration rate of radon daughters 
on a filter paper as a-function of time. The 
decay rate is normalized by the HL sampled. 
The sampling time is ten minutes. The three 
curves plotted correspond to three disequi
librium conditions. 
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