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222I A new method for determining the rate of Rn (radon) emanation fmm a

surface is described. A modified U. S. Army AD.1 gas mask canister containing
activated clarcoal is sealed to the .;;u, rface for several houn to several days,3 The amount of radon adsorbed in thei d pending on the' anticipated flux. ,,

charcoal canister is determined by counting gamma emission fmm radon
- .

Details of the canister _calibra- _daughter.s in equilibrium with the radon.J

I tion and the Parameters that affect the measurements of radon flux using ,

activated charcoal canisters are also d,escr~ibed. .

.

* ;,.

A. It.TRODUCTION .v

Several methods have been used to measure the* radon flux from surfaces. '|)

The most comnon method is the dinct accumulation of radon in a closed i;'

container resting on the surface. An aliquot of the air fmm the accumulator :- ,

is transferred either to an ionization chamber or to an alpha scintillation h
finsk for analysis. Accumulators have been used to mersure redon flux,frem b
soil surfaces egensively in the United States by Kraner e,ji, al.OI and (i

_

An alternate method consists of entraining the radon j'Wilkening e_.t, a1. *)
emanati::g fmm a small area of the ground in an airstream coving in a closed

*

,

system through a charcoal trap or cold trap. At the end of the sampling
,

period, the sealed trap is returned to the laboratcry where the radon is
transferred into an evacuated scintillation flask foi analysis. This method

( ) and by Pearsen.(') Recently Megumi
and Macum(8) y Yli1kening and Handdeveloped a method whereby the redon emanating from the soilj

iis described b ,

, is adscrbed on a layer of granular, activated charcoal sprer.d directly on ;

the ground. The charcoal is bagged and returned to the laborator/ where the i
'

ana1 sis involves ceasuring the gamma activity frem the 0.61 MeV ganna rays ;

of a{*Bi (Rac).
.

In another method descriced by Wilkening e.1 c_1..,( radon !-)

flux is calculated from measurements of alicorne radon at var / ng heights in .-i
a vertical colu::n of air. A balance is assumed between the raden input at .h
the base of the column of air, and the decay of atocs within the colu=n. F

Tt.

This paper describes a new procedure based on the one described by h|
t' :

Megumi(and Manum. This procedure which has teen described briefly by this
author *) is an impmvement over the earlier methods. A modified U. S. b
Ar=y Ull gas mask canister containing activated cha:a;:oal is placed directly I,' '

*

in contact with t'he ecanating source. After an exposure period from several .

bours to several days, the canister is removed from the , source and placed in ?

a . gamma spectrometer. Radon adsorbed on the charcoal is deternined by | ]
'

counting the radon daughters that have grown to equilibrium with the radon. !;As in the method proposed by Megumi and Ma::nm, the canisters provide a time-
integrated measunment of radon flux as opposed to the "instaneous" measure- ! <

eent of the accumulator methods. The major advantage of the charcoal i,*

canisters over the traditional accumulator methods, as well as the Megumi {
and Mamuro method, is that ucerous measurements een be cade inexpensively
due to the low cost and the ease of deployment and recovery of the canisters. [*

'Moreover, ,the canisters are reusable and am manufactured to rigid militar/
'

specifications. In anticipation that the U. S. Amy !.11 canister may not be :-

available at some time in the future, the characteristics of a commercial e

actitated charcoal canister also were investigated. A canister that is
- ..

.
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, ''maEuftetured by th2 Mina Safety Appliance 'Co. (MSA) was chossn arbitrarily*

* *tmm among several.that an available. .i

.

'j B. DESCRIETION OF THE MET!iOD . [,,
-

g _

,.

The 11. S. Amy Mll gas mask canister, developed b the Ar=y themical - , -
| Corps during World War II, has been described by West (y) and Thomas.(e) ,, ;,;

.|
For use in flux measurements, the canisters are modified by removing the e-y

,

:i section containing a pleated rtiter and fitting a plastic or metal lid on [ |
~;

ii the other threaded end. The remaining cylindrical metal canister is 6 cm
', deep by 10.5 cm in diameter, weighs 225 g and contains ll.A g of ac'tivated $

charcoal. To measun radon emanation fmm concrete or similar smooth sur- . &.

faces, the canister is sealed to the surface by applying a bead of pliable ,r I
'

weathcr stripping around the outer edge that centacts the surface. To I |
,

measure radon emanation fmm soil, the canister is twisted into the soil to ,

o depth of 1 cm, and additional soil is packed amund the edge to a depth of -

2 cm. At the end of the exposure period the canister is removed frem the
'

/.

surface, wiped clean, and the open end of the canister is sealed with a ,

tight-fitting plastic or metal lid. The canister is then returned to the k ti
laboratory for analysis.- (

'

,- i
*'

,

~

The canisters are analyzed with a gamma spectmmeter. We use an 8 cm
by 8 cm Nat scintillation detector coupled to a 400-channel multichannel [ l

pulse height analyzer with a teletype printer. The canister is placed on !
-

.

the detector, nith the exposed side dcwn, and is counted at:y time later than !

five hours after the end of the exposure period. This allows the radon i

daughters to nach equilibrium with the adsorbed radon. The integration ,

limits of the multichannel analyzer are set to include the g'amma activity l

from "l'Pb (0.242 MeV, 0.294 MeV, and 0 352 MeV) and from * Bi (0.609 MeV) . -

After analysis, the canister is prepared for reuse by purging the radon
with 1000 liters of mom air, heated to a minimum of 60*C. Any time later .

,

than five hours after the ngeneration of the canister, an integral back- v
1 !

gmund count of the canister is recorded. In addition to gs::=a-counting the {
canisters, a count of a nference sample (e.g., aseRa), corrected for counter -

backgmund, is recorded' to check the counter response.

Radon flux, J, is calculated by dividing the net gas =a activity due to
radon adsorbed on the canister (corrected for decay),, by the calibration
factor of the codnter for the canisters, the crea of the canister, and the
exposure tise. The following equation applies: .

(Net Counts)(i a)t :J= (1)

(E)(A)(1-e-lat)(e-Ast' -1t')2. -e

where

.I = radon flux, pCi m~' min-2 .

E = calibration factor of the counter for the canisters, ep:i/pCi
A = area of the canister, m'

,
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g,1, a radon decay constants,1.26x10-4 min ~1 and 7.55x10~8 h- 1,

n spectively
t = exposu:e period, hours . -

t ' = time between end of sampling and start of counting, hours'

t' = time between end c4 sampling and end of counting, hours,

. ...

.

. . . _ .
-

C. CALI53ATION

Calibration was obtained by a direct comparison with the traditional
accu.rulator method. Canisters and accumulators were exposed simultanecusly
to several test surfaces. - The exposed canisters were gamma-counted and the
rndon flux as determined by the accumulators was used to calculate the cali-
bration factor for the canisters. 1

A test slab 'of concrete containing an artificially high level of ***Ra ;

(g pci per gram)- served as a convenient emanatien source fcr the comparison
casurements between the canisters and the accumulators i'n the laboratory.

canisters and accumulatore were exposed simultaneously side-by-side on this
conc:ete slab. Positions of canisters and accumulators were alternated to
average spatial and temporal variations in radon flux. Both the canisters
and the accu =ulators were sealed to the concrete with a pliable weather
stripping material. Exposure periods for the accu ulators were limited to
two hours or less to avoid the suppression of raden emanation. At the end
or each exposure period, the aig inside the accurulators was sampled with an
nipha scintillation flask which was then analyced for radon centent. Exposure
;eriods.for the canisters ranged f:cm one hour to cne week.

Additional comparisens of tha flux-can met %d and the canister method"

were subsequently made at several locations outside the laboratory.

Figu:t 1 shows calibration data obtained for seve'ral surfaces. Th' e
radon flux frem these surfaces ranged frem 5.2 pCi m-8 min-1 for a concrete
floor to 1.2x10' pCi m"* min-* for a uranium mill tailings pile. Figu e 1
indicates that the calibration factor for the canisters, 0.19430.005 cpm
per pCi of redon, is independent of exposure time from one hour to cne week.
From this figure, it may be inferred that the. adscrbtion efficiency of the
canister is also independent of time for these exiccures up to one week and*

the canisters can be used to obtain time-integrated +.easurements of flux.
Assuming constant flux during the exposure time end taking account of its
half-lifa, radon will increase to approxicately two-thirds of its maximum
accumulation in the canister in six days. Thus there is little to be gained

- by longer exposures.

To establish that the canister adscrbs t.he rsdon cuantitatively,
several canisters were used to semple air containing a 2ncrrn amount of radon
by means of an air ecmpling pump. The total air volume sar. pled in each case ,

was less than 100 liters to prevent raden from being desorbed f:cm the can-
ister." ) Rndon concentration in the air was determined by the two-filter
method de::cribed by Thomas and LeClare.") The integrated ga==a activity of -

these canisters was 0.19560.007 cpm per pCi of radon, confir=ing that radon
is cc:pletely adsorbed by the canister.
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D. PRO?ERTIES OF CHABCOAL CANISTEIG k
*

To measure the repmducibility of the canister cethod, as it would be .;
1

used to measun radon flux in the field, multiple erpesures were made on
several test surfaces. For each sucface the canisters vem deployed simul- ::.

'2taneously in a nlatively small ana (1-2 m*) to minimize variation. The ..

nsults of these tests are pmsented in Table 1. Coefficients of variation, :.
,.

corrected for countir.g errors, ranged from 0.06 for an outdoor location in $

the high phosphate region "of Florida, to 0.15 for a r.easurement on soil in' /
h

'
.

New Jersey. ,

i..
*

The sensitivity of th'e annister method for :easuring environmental i

levels of redon flux was calculated assuming a counter back;round of 58 cpm j.

and a canister backgmund of 24 cyu, which are typical values for our system. t
The lower limit of detection (LLD), which is defined as the smallest c::nunt .

.

of sample activity that will yield a net count for which there is confidence y|
at a pr2 determined level that activity is pn sent, M was calculated for a .f

'

counter calibration of 0.194 cpm per ;C1 of raden. Values are given as p.

functions of ccunting ti:re and confidence level in Table 2. An LLD of 69 .|'

!';C1, corresponding to a 10-minute count and 95 confidence level, is '

ecuivalent to the radon accumulated on a canister in a four-day exposure at
+.- a flux of 2 pCi m~8 min" .
.
'

As a substitute for the ICL1 canister, a cor ercial charcoal canister was . ,

investigated. Mine f aretf Appliance Co. (USA) canufactures an activated
charcoal cartridge, Type GMA #459315, that is used with a gas mask against
organic vapors. The cartridge is 2.5 cm high by 7.2 c= in diaceter and con-
- tains 36 g of activated charcoal, with a mesh sice similar to that of the Mll
canister. Several of the MSA cartridges were exposed siccitaneously with the.

.

Mll charcoal canisters for 6xposure periods up to one week. The results 3
-

indicate that the USA canister is equally suitable for measuring raden flux. jc
..F

... . ::
E. PROFERTIES AFFECTING CANISTER PERFOTNANCE 9. .

c

Since analysis of the charcoal canisters is delayed at least five hours :

af ter the end of expcsure and often may be delayed for =uch icnger periods 'i
because of transpcrtation or convenience, raden r.sy be lost frem the charcoal. ,

Tests were perfonced to measure the rate of loss under diffennt conditions ;

and to ascertain prcper procedures to prevent loss. Cenisters were exposed
to the concrete test slab and after being stored in the. laboratory under
various conditions wen gamma-counted periodically to determine the effective
half-life of the radon adsorbed on the canisters. .

'

The results for canisters st'ond at nora1 a bient teoperature (25'C) -

and pressure (760 :=n Hg) are shown in Table 3 If then were no loss of'

radon from the canister other then by decay, the effective half-life
observed would to 3 825 d (91.8 h), In all tests, the effective half-life
is less than 91.9 h, indicating some less. Canisters sealed with a tight-

fitting plastic lid (2 mm thick) or with a metal lid gave an effective half-
life that was not significantly different fmm that of radon.

.

.-
O

.
'
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The temperature was then varied ovsr a range, from O*C to ,60'C.
'

Tho
included in Table 3 Again, canisters fitted with plastic or

.hsuitsareal lids lost the least amount of adsorbed mdon.
Since on occasion the canisters we;e to be used in the field and

returned to the laboratory for analysis 'cy air freight, the effect of reduced
'

.
,*

pn :ure that might exist in an aircraft cargo hold was also investigated.
Canisters were subjected to a combination of pressures and temperatures in-
a!de a large chamber that could be evacuated to 220 mm Hg, corresponding. to .

*

an elevation of 31,000 feet. For this series of experiments, the exposum
Fried in the chamber was limited to three hours to simulate an air flight.

of 2000 miles. Table 3 also, lists these results. The maxir.um radon loss
tma canisters with lids that would occur during a three-hour aircraft flight
would be less than 1%.

To test the effect of humidity on the canister's capacity for raden, i
pairs of canisters were exposed to 1001 relative humidity for periods
ranging frem several hours to three days and then weighed to detemine the !
asunt of water adsorbed. The canisters were then exposed to the conc:ste !i

alab along with dry canisters. The results are presented in Table 4. Only j
th2 pair of canisters exposed for 67 hours to 1007. Td! at '25 C chow a signif- t 1

.

icant difference in response (at the 95% confidence level) from the response
of dry canisters. Based on these observations, it can be predicted that j

canisters exposed to wet soil for a period of several days will not adsorb l
enough water to reduce the capacity of the canisters for radon by more than

'

*

10-15%.
-

.

i..
1 '

F. APPLICATICFS OF THE CHARCOAL CA!!ISTZES 1 I

|
Applications of the canisters include investigations of spatial and j (

temporal variations in radon flux. Figure 2 shows the spatial variation of ;
flux from a tailings pile at an uranium mill. Flux varies by a facter of 6
two over a distance of several hundred feet. Figure 3 sh:ts variatiens of k:
flux over one year at the sere tailings pile. For the mest part, variations [': ,

!from week to week were quite small. However, on two occasions, dramatic t-
changes occurred. A thousand-fold reduction in flux persishd for several

,

j
weeks following the fomation of an ice cover en the pile and a ten-fold [ .
: eduction in flux occurred 1.n.ediately af ter a 3 cm raipfall. {

-

t

'fhe canisters can also be used indoors to locate and measure scurces of |
raden. Adaptors were built for mounting canisters in corners and across wall- I
wall or wall-floor joints. Radon input frcm these locatiens is often several ;

orders of magnitude greater than that from an adjoining surface. In addition, ;
this phancmenen is often observed for canisters mountad ever cracks in a I

concrete foundation. |
|-

G. CC!lCLUS1011

At least two types of activated charce .;.1 canisters, the U. S. drmy Mll j
and the MSA type C/A #459315, have been sho.rn to te convenient and reliable
for measuring raden flux. Presumably, other commercial charcoal cenisters

"5 90019208
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wou21 serve equally 'well. Because of their si..plicity and low cost,' tha .

'

canisters may be deployed in great nw: vers to .~np the redon flux from large ,

an as. In addition, deplop.ent of the canisters requires much less manpower !:
than is requind to obtain reasurement:: with accu.nlators. Hcwever, to . !

8attain adequate sensitivity, the @isters must be exposed for several hours .

2, |to several days. The longer expcsure time required with the canister yields .,

an average (time-integrated) value of flux, rather than the series of .i !-.

" instantaneous" values which are possiule with the accu ulator. ': !
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Table 1. Reproducibility of canister measurementa k.
.

.

n.

*
:Exposun .:

5- No. of Time Radon Flux Coefficient 7
Tvre or Jutrace Measunments (huurs) feci m nIn-,) or variation 'g

.

A

2.%g ,Conente Floor - 10 73 5.2. 0.14
. \

'

NJ Soil, loc. I 12 24-48 67 O.14 %g-
A s g.

NJ Soil, Irc. II 18 6.G-28 134 * 0.15 .y l
* '

> - < 1g.
Florida Soil 6 21 6GO 0.06 l

,

.s .

Radioactive Concrete 21 2-55 2300 0.09. (
o
2v

.
tg.
..

1'

1
.

?,-

.s
P
.
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Table 2. Sensitivity (LLD) of . canister =ethod

.

.

l. _.
,

!
,

LLD. IC i **Mn )
Counting Time

(min) 001, Confidence level 457, Confidence Level :
1

.

!
-

*

- 10 54 69,
!. l

e

100 17 22'

*

400 8.5
"

11
'

: .

I

1000 5.4 6.9
*

.

*

* .
*e

1

'
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Table 3 Effective half-life of radon adsorbed on charcoal canisters
*j(888Rn decay: tg=91.8h) .

,

w
Effective e-

:Hal f-Life ' Loss .fa -'
Storare Cenditict c (h) (1,/h) L

f.*
.

(I) Room T + " [ |
s-
.x |

No Cover 68.1 0.26 EI
11astic Dag, 0.004" 82.0 0.09 P j

,

Flastic, or metal lid 89 4 0.02 't,
'

4

(II) Effect of Temternture /P = */'O mm Fri j-
c.

::o Cover @ 0 C 75.8 0.16 !
|

'

No Cover @ 60*C 77.4 1.1 7
'

Tlastic Bag @ 0 C 89 4 0.02 i
*

IPlastic Bag @ 60 C 63 9 0 33' '

ilastic, or metal l'id @0' 91.8 0 .!
#Plastic, or metal lid @ (.0 C 88.0 0.03 I..

J.

(III) 1.frect of Pressure - 5,~

,

i
' '

Plastic Bag @ 27 C, 760 r.m :!r 81.1 0.10 k:

Plastic Bag @ 27 C, 430 cm i.* 67.6 0.27 ,

Plastic Bag @ 27*C, 220 cm :!,; 67.0. 0.28 '
-

'

Plastic Bag @ 4 C, 430 mm iin - 76.6 0.15
Plastic, or metal lid @ 27 C, 220 c:n Fg 89 4 0.02

. ,W..
* ;-}i-
..

'W
.

< .
.
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$[ Table /.. Effect of adsorbed water on canister capacity.for radon
. le

- t,.a *

at

[ Exposure Time
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,
' Heasurement of Raden; *

,
-

Questions and Answersd -

'
.

. , .

What polarity is required to collect the radon daughters on the|

9: HOLUB: walls of the Lucas qbamoer?.

''

Radon daughters are collected on the walls when the walls are

negative with respect to the electrode; radon daughters are col-lected on the electrode when the electrode is negative with respect
-

$ g LUCAS:
.

'
- .

$, to the walls.
How do you correct _for radon decay during the sampling period?

j- Q: CLItiE:
We take the mid-point of the collection time as the time of col-

In a 48-hour sampling period with a radon half-life ofi A: SILL: lection.
about 4 days and using the mid-point, you ,will have, on the average,
as much too high at the beginning as you have too low at the end of
the sampling period. The point I want to make is that the errcr

'

from this correction will be less than 15t under the most pessimisticFurther, I would
assumption, and is very likely to be 2 - 3%.
like you to remember that I'm talking about a detection limit of
about 0.01 pC1/1 for a one-hour counting period so that this order

.

-

of uncertainty is totally negligible. .

'

What is the need for a 10% precision flow meter when you are col- j
i

.

lecting a 20 '- 50 liter sample in 48 hours and from that sampleQ: ROLE:
-

analyzing a 6 liter aliquot? .

The only alternative for the precision-low digital flow meter would
be a meter that we could not depend on to adequately measure theA: SILL:

In operation, we collect the sample at a particular rate forflow. -

the 48-hour sampling period. .
,

In your continuous digital environmental radon measuring' instrument,
Q: FLEISHER: do you detect both radium A and radium B7

Yes, there are two alpha emitting daughters (RaA and RaC) for eachA: WREfiN:
*

radon decay and you are able to measure one alpha from each, which.

is the theoretical upper limit in the sensitive volume. In this'

i'nstrument, we get between 80 - 90t of the upper limit of response.i,
,

Although the signal is developed .by the alpha emitting daughters.i *

the response is proportional to the radon.*

In Houston, Texas we see effects belcw 25% relative humidity; this' COP!!ENT: PRICHARD:

- -
is seidem the case in Texa:;. but might occur in places like New
Mexico. In any case, above a relative humidity of 25%, the response

.-
is flat. .

; Q: PRICHARD: In looking at the prir. tout from the readings taken in Grand Junction,IsColorado, most of the peaks occurred between noon and midnight.
this correct?

A: WRENN: It is possible. The peak periods seem to depend more on what man
There are peaks shown that candoes rather than waht nature does.

.

be correlated with the air changes in a h,ouse; e.g. , air condition-
'

ing, open windows, etc..

g,

a
'
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You stated that when the grour.d 'gets saturated with water, the .it! g.' dR0 EP,: radon and radnn flux goes down. According to your exueriment,

..$is this generally true or does it change with soil type? .

-
.

31

Your question has to do with water saturation. When we first made I.

A: WILXENING: measurements following a small amount of rain, we thought the radon F'

9-
would be lower but it wasn't.

Dut when you get up to 00-90", of #

This is true .7.
moisture in the soil,'the radon flux drops down. ' tii

..
4

whether the water is frozen or liquid. ' .h
W,

What is your technique for measuring radon migration in soil? i[Q: WORTH: -

One is molecular dif- R
The work we did considered two parameters: #
fusion in the pores of the soil and the other is pressure induced

.:f.>
* A: WILKEMInG:

transport. . 9.

The radon emanating power of soil particles is important and in- 4[For thisfluences the radon concentraticns in the soil gas. 1determination, we do a radium-226 analysis of the soil to obtain t.

Then we take a sample of the same $quantity of radium per gram. The ratiosoil and determine the radon emitting frem the soil. [-
is the number you want. -|

"

We expose canisters in duplicate and triplicate at each location,.

within one meter of each other. Variation in radon flux for :
Q: XAUTI:

these canisters .is less than 10!.
However, over a distance of f

C
50 to 100 feet, the spatial variations may range from a factor
of 2 to 10, depending on the type and condition of the soil.

,

t
Humerous flux measurements should be made simultaneously on the 'l
given land mass to cancel out temporal variations in radon. flux

,

,

due to changes in the meteorological conditions.
. .
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