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A new method for determining the rate of 232pn (radon) emanation from a

(ace 15 deccribed. A modified U. S. Army M1l gas mask canister containing
“{wates charcoal is sealed to the gurface for several hours to several days,
;:”mm; on the anticipated (lux. The amcunt of radon.adsorbed in the
chareoal canister is determired by counting gamma emission {rom radon.
daughters in equilibrium with the radon. Details of the canister calidra-
tion and the parameters that affect the measurements ol radon flux using
activated charccal canisters are also described.

A. INTRODUCTION

Seve1al methods have been used %o measure the’ radon {lux from surfaces.
The most common method is the direct aczumulation ¢f radon in a closed

. container resting on the surfece. An aliquet of tde air from the accumlator

is transferred either 10 an ionization chamdter or to an alpra scintillation
flasz for analysis. Accumulators have been used to mezsure raden {lux {rem
soil surfaces extensively in the United States by Kraner gt g.‘ ) and
Wilkening et 21.'?’ An alternate method consists of entraining the radon
epanating from 3 small area of the ground in an airstream noving in a clcsed
system through a charcoel trap or cold trap. At the end of the sampling
period, the sealed trep is returned to the laboratcry where the radon is
transferred into en evacuated scintillation flask for aralysis. This method
{s described by Wilkening and Hand3) and by Pearson.!®) Recently lMegumi
and Maruro'®) developed a method whereby the rodenm emanating from the soil
is adscrbed on a layer of granular, activated charcoal spread direcily on

" the ground. The charcoal is bagged ard returned to the ladoratory where the

ar.al{s‘.s involves measuring the gamma activiiy frcm the 0.€1 MeV ga:ma rays
of ®**Bi (RaC). In another method described ty Wilkening et al.!*) radon
flux is calculated {rom measurements of airberme r2don at varying beights in
a vertica! coluzn of air. A balance is assured betwzen the radcn input at
the base of the column of air, and the decay of atoms within the column.

This paper descrites a rew proccdure tesed on the cne described by
Meguai an? Mamurc. This procedure which has teen descrided briefly by this
author'®) is an improvement over the earlier methods. A modified U. S.

Army 11 gas mask canister containing ectivated chazgpoal is placed directly
in contact with the emanating source. After an exposure period {rom several
hours to several days, the canister is removed f{rom the source and placed in
8 gamra spectroreter. Radon adsorbed on the charcoal i{s ceternined by
counting the radon daughters that have grown to equilidrium with the radon.
As in the method proposed by Megumi and Mamuro, the canisters provide a time-
integrated measurement of raden flux es opposed %o the "irmstaneous” measure-
cent of the accurmulator methods. The major advantage of the charceal
canisters over the traditional eccumilator metliods, =28 well as the Megumi

end Maruro method, is that wrerous measurements can be rade inexpensively
due to the low cost end the ease of deployment and recovery of the canisters.
Moreover, the canisters ere reusable and are manulactured to rigid military
specifications. In anticipation that the U. S. Army .11 cenister may not be
evailadle at some time in <he future, the charzcteristics of a commercial
activated chareoal canister also were investigated. A canister that is
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pesufactured by the Mine Sefety Appliance Co. (MSA) was chosen erbitrerily
from srong several that are available. ) .

B. DISCRIPTION OF THE METHCD

The U. S. Army M1l gas mask carricter, developed dy the Army Chemical
Corps during World War II, has been described by west'!”) and Thomas.‘®’
For use in ux meesurements, the canisters ere modified by removing the
section containing & pleeted rllter and fitiing s plastic or metal 1lid on
the other threaded end. The remaining cylindrical metal canister is 6 em
deep by 10.5 cm in diameter, weighs 225 g and contains 147 g of activated
charcoal. T measure radon emanation (rom concrete or similar smooth sur-
faces, the cenister i{s seeled to the surface by applying a bead of pliable
weather stripping around the ovuter edge that ccntacts the surfece. To
peasure radon emanation from soil, the cenister is twisted into the soil to
a depth of 1 em, and edditicnal soil is packed around the edge %o a depth of
2 em. At the end of the exposure period the cenister is removed {rom the
surface, wiped clean, and the open end of the canister is sealed with e
tight-fitting plastic or metal 1id. The canister is ihen returmed to the
laboratory for enalysis.

The canisters are analyzed with a pamma spectrometer. Ve use an 8 cm
by 8 cm Nal scintillation detector coupled to a 400-crannel multichannel
pulse height analyzer with & teletype printer. The canis'‘er is placed on
the detector, with the exposed side down, and is counted any time later than
five hours after the end of the exposure pericd. This allows the radon
daughters to reach equilibdrium with the adsordbed radon. The integration
limits of the rultichannel analyzer are set tc include the gamma activity
from 3**PY (0.242 MeV, 0.294 MeV, ard 0.352 YMeV) and from 2*“Bi (0.609 MeV).

After aralysis, the canister is prepeared for reuse by purging the radon
with 1000 liters of room air, heated to a minimum of €0°C. Ay tice later
than five hours aflter the regene:ation of the canister, an integral back-
ground count cf the canister is recorded. In addition to gume-counting the
canisters, a count of a reference sample (e.g., “°°Ra), corrected for counter
background, is recorded to check the counter response.

Radon flux, J, is calculated by dividing the neti gasmwa activity due to
radon adsorted on the cenister (corrected for decey), by the calibration
factor of the counter for the canisters, the area of* the canister, and the
exposuse iime. The following equation applies: o

(Met Counts)(1,?)

Azt ‘_e-xat'

J = (1)

(E)(A)(1-"22") (e )

vhere
4 = radon fux, p¢i "% min~}

E » calibration factor of tle counter for the canisters, cgn/pCi
A = area of the caniater, m®
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A, ha ® Tadon decay constants, 1.2610™* min™* anc 7.55x072 1”3,
respectively

exposure period, hours :

time between end of sampling and start of counting, hours
time betveen end ok sampling and end of counting, hours

L
LI I ]

Lo ad

¢. CALIGRATION

calidraticn was obtained by a direct comparicon with the traditional
aceuzilator method. Canistere and accumulators were exposed sirultanecusly
1o ceveral test surfaces. The exposed canisters were gamma-counted and the
rodou flux &s determired by the accurmulators was used to calculate the cali-
pration factor for the canisters.

A test slab of concrete containing an artificially high level of 3%6pa
(520 rCi per gram) served as a convenient emanaticn source for the comparison
.pasurements between the cenisters and the accumulators in the labtoratory.
canisters and accumulatore were exposed simultarecusly side-by-side on this
concmete slab. Positions of canisters and accurulators were eltarnated to
average spetial and temporal variatiocns in redon flux. Both the canisters
and the accumulators were sealed to the concrete with a pliable weather
stripping material. Exposure periods for the accuzulators were limited to
w0 hours or less to avoid the suppression of raden emanaticn. At the end
of each exposure pericd, the air inside the accumilators was sampled with an
elpha scintillation flask which was then analyzed »r radon ccontent. Exposure
jeriods for the canisters ranged f{rom one bhour to cze week.

Additional comperiscns of tha flux-can method and the canis+er method
vere subsequently made at several lccations outside the laboratcry.

Figure 1 shows calidbration data obtained fer several surfaces. The
radon flux frem these surfaces ranged from 5.2 §Ci m™ 2 min~? for a2 concrete
floor to 1.240* pCi m~? min™? for a uranjum mill tailings pile. Figurel
{rdicates that the calibraiion faztor for the cenisters, 0.19420.C05 cm
per Ci of redon, is independent of exposure tizme {rom one hour 0 cne week.
From this figure, it may be inferred that the adscrdbtion efficiency of the
canister is elso independent of time [or these exposures up 1o ore week and
the canisters can be used to ob*ain time-integrated weasurements of flux.
Assuming constant flux during the exposure time end taking account ef its
half-life, radon will increase %o approximately two-thizds of its maximun
accumulation in the cenister in six days. Thus trere iz little to de gained
by longer exposures.

To estadblish that the canister adscrds the radon cuantitatively,
several canisters were used to semple air containing a mosn amount of radon
by means of an air cempling pump. The total air volume sampled in each case
¥as less than 100 liters to prevent raden [rom being desorbed from the can-
{ster.'®) 3adon concentration in the air was determined bty the two-[ilter
rethod deacrited by Thomas and LeClare.'®? The integrated gamma activity of
these canisters was 0.19540.007 cpn per pCi of reden, ccafirming that radon
is cczpletely adsorbed by the canister.
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p. PROPERTIES OF CHARCCAL CANISTERS ' 5

To measure the reprcducibility of the canister method, as it would be
used to measure radon flux in the field, multiple exposures were rade on
several test surfaces. For each suxface th2 canisters were deployed simul-
sanecusly in a relatively small aree (1-2 m®) to minimize varistion. The

resulte of these tosts are presented in Tadle 1. Coefficients of variation, v
corrected [or countinrg errvrs, ranged {rom 0.06 for an ocutdoor location in
tre high phosphate region of Florida, to 0.15 for a measuresent on soil in R
New Jersey. N .

The sensitivity of the :anister method for measuring environmental
levels of redon {lux was celculated asswning a counter backzround of 58 cpm
end 8 canister beckground of 24 cpm, which are typical values for our system.
The lower limit of detectioa (LLD), which is deflired as the smallest azount o
of sample activity that will yield a aet ccunt for which there is confidernce ¥

. at a pradetermined level that activity is preseni, *°) was caleulated for a <
courter calidration of 0.194 cpm per pCi cf radon. Values are given as .

functions of ecunting tire and confidence level in Table 2. An LLD of 69
$C1i, corresyonding ¥ a 10-minute count and 9:% confidence level, is
equivalent to the radon acewmilated on e canister in a four-day exposure at
a flux of 2 pCi 32 min™3, -

As a substitute for the Q1 canister, a corzercial charcoal canister was
investigated. Mine Cafety Appliance Co. (MSA) manufactures an activated
charcoal cartridge, Type GMA 4459315, that is used with a gas rask against
organic vapors. The cartridge is 2.5 em high by 7.2 ez in diapeler end cone-
tains 26 g of astivated charzcel, with a pesh size similar 10 tbat of the )01
cenister. Several of the MSA cartridges were exposed eimultaneocusly with the
101 eharsoal canisters for éxposure periods up o one week. The results
{indisate that the M3A canister is equally suizatls for measuring radon flux. :

E. PROFERTIES AFFECTING CANISTER FIRFORMANCE "%

Since analysis of the charcoal canisters is delayed at least [ive hours
after the end of ezpcsure and often may bhe celayed fcr much lenger periods
because of transpertation or convenience, raden zay te lost {rom the charcoal.
Tests were perforued to measure the rate of loss under different conditions
end o ascertain preper procedures to prevent loss. Cenisters were exposed
to the comerete tes* slab and after deing stcred in the laboratory under
varicus conditions were gamma-counted periodically to determine the effective
half-life of the radon adsorbed on the canisters.

The results for canisters stored at normal asbient temperature (25°C)

- ard presesure (7¢0 =2 Hg) are shown in Table 3. If there were no loss of
radon {rom the canister otker then by decay, the effective half-life
observed would be 3.825 d (91.8 h), In all tests, the effective half-life
is less than G1.9 %, indicating scme luss. Canisters sealed with a tight-
fittine plastic 1lid (2 rm thick) or with 2 metal 1id gave an effective half-
1ife that was not significantly cifferent frca that of radon.
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tne temperature was then varied over a range from 0°C o €0°C. The
ts are included in Table 3. Apain, canisters ritted with plastic or
petal 1ids lost the least amount of adsorbed radon.

nstll

Since on occasion the canisters weye to be used in ihe field and
returned to the laboratory for analysis bty air frelizht, the effect of reduced
presoure that might exist in an aircraft cargo hold was also investigated.
Canisters were subjected %0 a combination of pressures and temperatures in-
gide 8 larpe chamber that could be evacuated to 220 mm Hg, corresponding. to
an elevation of 31,000 feet. For this series of experiments, the exposure .
pericd in the chanber was limited to three hours to simulate en air flight
of 2000 wiles. Table 3 also lists these results. The maxizmum radon loss

¢from canisters with 1ids that would occur during a three-hcur aireraft flight
would be less than 1%.

To test the effect of humidity on the canister's capaciiy for raden,
pairs of canisters were exposed to 100% relative humidity for pericds
rancing from several hours to three days and then weighed to determine the
gscunt of water adsorbed. The canisters were then exposad to the concrete
glab along with dry canisters. The results are presented In Table 4. Only
the pair of canisters exposed for 67 hours to 100% RM at 25°C chow a signif-
{cant difference in response (at the 95% confidence level) from the response
of dry canisters. Based on these observations, it can be predicted that
canisters exposed to wet soil for a period of several days will not adserd
enough water to reduce the capacity of the canisters for radon by =ore than

10-15%. ;

F. APPLICATICHS OF THE CHARCQAL CANISTEZRS

Applications of the canisters include investigaticns cf spatial and
temporal variations in radon flux. Figure 2 shows the spatial varicstion of
flux from a tailings pile at an uranium mill. Flux varies by a factor of
t¥o over a distance of several hundred feet. Figure 2 shtrs variaticns of
flux over one year at the sere teilings pile. For the most part, veriations
from week to week were quite small. However, on two occasions, draratic
changes occurred. A thousand-fold reduction in flux persist.d for several
veeks following the formaticn of an ice cover ocn the pile and a ten-fold
reduction in flux occurred imnediately after a 3 ca raigfall,

The canisters can also be used indoorc to locate and rmeasure scurces of
raden. Adapters were built for mounting canisters in commers and ecrocs walle
vall or wall-floor joinis. Radon input frcm these locaticns is often severzl
orders of magnitude greater than that from an adjoining surface. In addition,
ihis phencmencn i3 often observed for canisters mountad over cracks in a
concrete fourdation. '

G. CONCLUSION

At least two types of activated charc..l canisters, the U. S. Army Mi1
and the MSA type QUA #459315, have been shown to te convenient and reliable
for measuring raden flux. Presumably, other commercial charcoal canisters
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woul.l serve equally well. Beceuse of their simplicity and lov cost, tha
canisters may be deployed in great nu:ucrs Lo map the radon (lux [rom larye
areas. In addition, deployment of the canisters requires much less manpower
than is mequired to ottain reasurement: with acciwulators. Hovever, to
attain edequate sensitivity, the ganisiers must be exposed for several hours
to several days. The longer expcsure time required with the canister ylelds
an average (time-integrated) value of flux, rather than ihe series of
ninstantareous" values which are possiule with the accumuletor.
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Tadle 1. Reproducidility of canisier measuremenis

e Tt

: Exposure :
‘ No. of Time Rador. Flux Coefficient
Tvpe of Jurface  Measurements (hours) (o€ "% ~in~}) of varistion
Concrete Floor .10 73 5.2 0.14
NJ Soil, loc. I 12 24L=48 67 0.14
" NJ Soil, Loe. II 18 6,020 134 0.15
Florida Soil & 21 &0 0.06
Radiocactive Concretle 21 2-55 2380 0.09,
90019211
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Teble 2. Sensitivity (LLD) of canister method

Counting Time LLD, pCi %2%en
{min) 209 Confidence level 65% Confidence level
10 54 €.
1C0 ‘ 17 22
400 8.5 . ¢
1000 5.4 6.9
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Table

-,

2. Effective half-life of radon adsorbed on charccal canisters

(*33Rn decay: t3 = 91.8 h)

(1)

(11)

{ [I1)

Effective
v Half-Life  Less

Storare Conditicis (h) (%/h)
wom T &+ N
o Cover 68.1 0.26
rlastic, or metal 1id 89.4 0.02
irfect of Temperature (P = %0 mm H2) |
lio Cover @ 0°C 75.8 0.16
No Cover @ &0°C 77.4 1.1
Flastie Bag @ 0°C 89.4 0.02
IMastic Bag @ €0°C 63.9 C.33
ilastic, or metal lid @ 0% 91.8
Plestic, or metal 1id @ €0°C 83.0 0.03
L{fect of Pressure
lastic Bag @ 27°C, 760 o :iv 81.1 0.10
Flastic Bag @ 27°0, 430 mm i 67.6 0.27
Plestic Bag @ 27°C, 22C mm i 67.0. 0.23
flastic Bag @ 4°C, 430 mm i 76.6 0.15
Plastic, or metal 1lid @ 27°7, 220 mm ¥g 89.4 0.02
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Effect of adsorbed water on canister capacity.for radon

-» s
N

Exposure Time

to 1004 RH Absorbed Water

Ratio:

Radon Absorted by Vet Canister

Redon Atsorbed v D Cenister

(1) T225°%C

(11) .= 20°%

1.0620.07
C.%964.00
0.6640.08
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CANISTER CALIBRATION FACTOR, cpm/ pCi 222Rn

0.24 }—
-,
cEe P
0.194% 0.005 CPM/pCi
0 U820 amdens © -lo
0.18 1~
Q.16 w ' "
O "RAD!OACTIVE CONCRETE
0 CONCRETE FLOOR
e A TAILINGS FILE WITH OVERBURDEN
X NEW JERSEY SOIL
0.12}-
1 | | ! | { | |
1% [ . 3 a 5 5 7

EXPOSUKET TIME, DAYS

Figure 1. Canister calidbration factor versus exposure time.
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Figure 2. Spatiel variastion of radon flux frem tailings pile
(redon flux in 10° pCi 8”2 min™*).
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RAGON FLUX DENSITY, pCl m=* min-!
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h HOLUB:

A: LUCAS:

Q: CLIRE:
A: SILL:

Q: ROLE:

A; SILL:

Q: FLEISHER:

A: WRERN:

* COMENT: PRICHARD:

Q: PRICHARD:

A: WRENN:

Measurement of Raden
Questions and Answers

what polarity is required to collect the radon daughters on the
walls of the Lucas ghamoer?

Radon daughters are collected on the walls when the walls are
negative with respect to the electrode; radon daughters are col-
lected on the electiode when the electroce is negative with respect
to the walls. -

How do you correct for radon decay during the sampling period?

We take the mid-point of the collection time as the time of col-
lection. 1In a 48-hour sampling period with & radon half-life of
about 4 days and using the mid-point, you will have, on the average,
as much too high at the beginning 2s ycu have too-low at the end of
the sampling period. The point 1 want to make is that the errcr
from this correction wili be less than 15% under the most pessimistic
assumption, and is very likely to be 2 - 3%. Further, 1 would

like you to rememper that 1'm talking about 3 detection limit of
about 0.01 pCi/1 for a one-hour counting period so that this order
of uncertainty is totaliy negligible.

What is the need for a 10% precision flow meter when you are col-
lecting a 20 - 50 liter sample in 48 hours and from that sample
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 the
flow. In operation, we collect the sample at 2 particular rate for
the 48-hour sampling period. : .

In your continucus digital environmental radon measuring instrument,
do you detect both radium A and radium B?

Yes, there are two 21pha enitting daughters (RaA and RaC) for each
(adon decay and you are able to measure one alpha from each, which
is the tneoretical upper limit in The sensitive volume. In this
instrument, we get between E0 - 90% of the upper limit of response.
Although the signal is developed by the alpha emitting daughters,
the response is progortional to the radon. .
In Houston, Texas we see effects belcw 26% relative humidity: this
is §cldom the case in Texas, but might occur in places iike New
?:x}goi In any case, above a relative humidity ot 25%, the response
at. ,

In looking at the priitout from the readings taken in Grand Junction,
Colorado, moct of the peaks occurred between ncon and midnight. Is
this correct?

It is possible. The peak periods seem to depend more on what man
does rather than waht nature does. There are peaks shown that can
be correlated with the air cheanges in a house; e.9., air condition-

ing, open windows, etc.
90079218



Q: GROER:

A: WILKENING:

Q: WORTH:

* A: WILKENING:

Q: KAUTZ:

You stated that when the grourd gets saturatec with water, the
radon and radan flux goes down. According to your exveriment,
is this generally true or coes it change with soil type?

Your question has to do with water saturation. When we first made
measurements following a small amount of rain, we thought the radon

would be lower but it.wasn't. But when you get up to 00-%0% of
moisture in the soil, the racdon flux drops down. This is true
whether the water is frozen or 1iguid.

What is your technique for measuring radon migration in so0il?

The work we did considered tvo parameters: One is molecular dif-
fusion in the pores of the snil and the other is pressure induced
transport. \

The radon emanating power of s0il particles is impertant and in-
fluences the radon concentraticns in the s0i1 cas. For this
determination, we ¢o & radium-226 anclysis of the soil to obtain
quantity of radium per gram. Then we take a simple of the same
soi]l and determine the radon emitting frem the soil. The ratio
is the number you want.

We expose canisters in duplicate and triplicate at ezch location,
within one meter of each other. yariztion in radon flux fer
these canisters is less than 10%. Frowever, Over & distance of

50 to 100 feet, the spatial variaticns may rang2 from a factor
of 2 to 10, depending on the type and condition of the soil.
Numerous flux measurzments shouid be made simultaneously on the
given land mass to cancel out temporzl variations in radon flux
due to changes in the meteorological conditions.
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