INSTRUMENTACION REVISTA MEXICANA DE FiSICA 49 (5) 457-464 OCTUBRE 2003

Calibration of diffusion barrier charcoal detectors and application
to radon sampling in dwellings

M.E. Montero Cabrerd, L. Colmenero Sujé?, L. Villalba?,
J. Saenz Peinadq A. Cano JingneZ, A. Moreno Bacé,
S. de la Cruz GandafaM. Rentefa Villalobos?,
A. Lbpez Mirand4, E.F. Herrera Peraza®
@ Centro de Investigabn en Materiales Avanzados,
S.C. Miguel de Cervantes 120, Complejo Industrial Chihuahua, Chihuahua, Chitict
b Instituto Tecnadgico de Chihuahua Il,
Av. de las Industrias 11101, Chihuahua, Chiréxito
¢ Facultad de Enferméa y Nutriologa, Universidad Auinoma de Chihuahua,
Av. Politecnico Nacional 2714, Chihuahua, Chihékco
4 |nstituto Nacional de Investigaciones Nucleares,
Apartado Postal 18-1027, &kico D.F. 11801, Mxico
¢ Instituto Superior de Ciencias y TecnoladNucleares,
Quinta de los Molinos, Av. Salvador Allende, Habana 10600, Cuba

Recibido el 31 de enero de 2003; aceptado el 25 de abril de 2003

Some calibration conditions of diffusion barrier charcoal canister (DBCC) detectors for measuring radon concentration in air were stud
A series of functional expressions and graphs were developed to describe relationship between radon concentration in air and the ac
adsorbed in DBCC, when placed in small chambers. A semi-empirical expression for the DBCC calibration was obtained, based on
detector integration time and the adsorption coefficient of radon on activated charcoal. Both, the integration time for 10 % of DBCC of 1
same batch, and the adsorption coefficient of radon for the activated charcoal used in these detectors, were experimentally determined.
these values as the calibration parameters, a semi-empirical calibration function was used for the interpretation of the radon activities ir
detectors used for sampling more than 200 dwellings in the major cities of the state of Chihuahua, Mexico.

Keywords: Radon; activated charcoal detectors; diffusion barrier; calibration.

Se estudiaron las condiciones de calibbadile los detectores de K@len el aire en forma de contenedores de@awdxtivado con barrera
de difusbn (DBCC). Se obtuvieron expresiones funcionalesafigos para la reladn entre concentrain de radn en el aire y la actividad
adsorbida en el DBCC para el caso de su coldgaen @maras pequi@s. Se obtuvo una exprésisemiempica para la calibraéin de
los DBCC, basada en los tiempos de integyagy en el coeficiente de adsarni del radn por el carbn activado de los detectores. Se
determinaron experimentalmente los tiempos de integnadel 10 % de los DBCC de una misma partida, y el coeficiente de adsatei
carkbn activado de los detectores utilizados. Con esos valores corametmos, se aplicla funcibn de calibradin semiempica para la
interpretaddn de las actividades resultantes del muestreo&kedr 200 domicilios en varias ciudades del estado de Chihualexicdv

Descriptores: Radn; detectores de cavh activado; barrera de difuési; calibracon.

PACS: 51.90.+r; 7.88.+y

1. Introduction ter at Chihuahua, it was decided to employ diffusion barrier
charcoal canisters (DBCC) for short term sampling of radon
At the state of Chihuahua, as well as in other states of North'" dwellings.

ern Mexico, the lung cancer mortality rate (about 12 deaths The procedures for using DBCC are well described in
per 100000 population) is twice the national figure for theRefs 2 to 6. Some criteria about the assessment of the er-
period 1995-2000 [1], however’ tobacco habits are approx[Of inherent in this methOdOIOQy and its associated detection
imately the same in Chihuahua as in the other states of thiémits are discussed in Ref. 7. Recently, this procedure was
federation. This high mortality rate, by itself, justifies a de-classified as passive and integrating, and compiled together
tailed study of radon concentration in indoor air in homesWwith many other methods in the review of George [8].

to assess the risk associated with inhalation of radon. One of Mathematical modeling of the canister response has been
the most usual methods for determining radon concentrationdone in several papers, without diffusion barrier [9,10], and
in indoor air is to measure radon adsorbed on activated chawith it [11]. This paper deals with the analytical solutions
coal. Therefore, in the Environmental Radiological Surveil-of diffusion, adsorption and desorption equations, as well
lance Laboratory of the Advanced Materials Research Ceras with experimental determination of parameters, govern-
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ing the behavior of DBCC in different conditions. A semi- This equation may be worked out using

empirical expression is proposed for calibration of DBCC to
) . DA I DA
be used for sampling of radon indoors. 7= ( +Arn) s if P=—
LV, L
- - P
2. Radon adsorption by DBCC in constant flux and g = 1/7, A = Vi ARn ®)
chambers

where for initial conditions”; = 0 forT" = 0, the solution

Activated carbon collectors come in different sizes and con- Ci = Co(1 — Agn7)(1 — exp(=T/7)) (6)

figurations. Depending on the methodology used and on the

collector type, the measurement lengths cover intervals fron$ obtained, and if fofl” = 0, thenC; = C;o andCy = 0, the

several hours to one weak. The collectors can be open facé@lution is

or with a diffusion barrier. The barrier slows the diffusion of Ci = Cio exp(—T/7) )

radon in the carbon bed, but it also minimizes the undesirable ! 0 eXP '

entry and adsorption of water vapor and Rn-220 and Rn-11¢h (5) 7 is the mean life of radon in the DBCC, or integration

isotopes of Rn. It is known that water vapor competes withtime of the DBCC, made up by characteristic of the diffu-

radon for adsorption sites on the carbon bed, and the oth&ion in the device and of the radon decay. Thgnis the

isotopes can not be reliably measured this way. adsorption-desorption constant of the DBCC in a constant
The radon activity adsorbed by a DBCC in a constant fluxflow chamber. P is used as a constant to make calculations

chamber (a calibration chamber or any room in a house) magasier.

be described by the following expressions [3]. Using a com- Equation (6) describes the temporary behavior of the

pact explanation, the rate at which radon passes through tlenount of radon adsorbed in the DBCC, beifighe time

diffusion barrier is given by diffusion theory as during which the DBCC is exposed to air in the chamber. On
the other hand, Eq. (7) describes how radon, being accumu-
aQ = JA = DEA = DA (Co—Cy), (1) lated up to z.an.initial concentration;{; is desorbed from thg
dt dx L DBCC, if this is exposed to an atmosphere practically with-

whereQ; is the activity of radon passing through the diffu- Ot radon during a timé'. The expression (7) allows to de-
sion barrier and adsorbed by the DBCCjs the diffusion termine experimentally the magnitude of the integration time
current,D is the diffusion constant]C'/dz is the concentra- constantr or its reciprocal\,. When the radon concentra-
tion gradient(, is the constant concentration of radon in the tion to which the DBCC is exposed is not constant, it can be
environmental airD is the diffusion constantd and L are considered that’; is the time average concentration of radon
the cross-section and the thickness of the diffusion barriefn @ir during the exposure time of the DBCC to the atmo-
andC, is the radon concentration within the container. sphere. That's the meaning of the "integrating” characteristic
Introducing the radioactive decay, Ng, is the decay of DBCC.
constant of radon, then
40, DA 3. Radon adsorption by a DBCC in a closed
dtz =7 (Co=Ci) = ArnQs ) chamber
Inside the charcoal canister, if radon crosses the diffusion barthe process of adsorption and desorption of radon for a
rier, C; < Cy, and the concentration is related to the totalPBCC in a closed chamber is described in Ref. 12 for the

adsorbed activity); by case, when an initial concentrati6h is injected into a small
chamber. Quoting these authors, a small closed chamber has
Qi = kmC; = V,,C;. (3) a few hundred drhvolume. For describing the phenomena of

radon adsorption by a DBCC in a closed chamber, the main
HereV., is equivalent to a volume of air available to the acti- difference regarding the behavior of radon in a canister within
vated charcoal; is the adsorption coefficient of radon by ac- a constant flux chamber is the "constancy” of total radon ac-
tivated charcoal and m is the mass of activated carbon in thivity in the closed chamber, when the radioactive decay of
canister. Coefficient k is given by the relation (B?étRn/g  radon is ignored. The relationship between the radon ad-
of carbon)/(Bg of22Rnl/litre of air) = liter of air/g of carbon. sorbed in the DBCC and the radon concentration in the air
It should be emphasized that @ the quantity, measurable in the chamber is given in Ref. 12 by
by means of a gamma spectrometer and subjected to cali-

bration. By inserting (3) into (2), the following equation is Qi(t) = V(Coexp(=Arnt) = C(1)), (8)
obtained: and the corresponding equation to be solved is

dC; DA . DA dC(t) Vkm] CoP

- (LVeq + Arn)Ci + LVeqCO' 4) T—C(t) —Apn—FP vl L exp(—ARrnt). (9)
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The expression obtained in Ref. 12 16ft¢) -radon concen- whereDC is the decay correction for the adsorbed radon [5]:
tration in the air of the chamber as a function of the exposure

time of the DBCC-, is DC = exp [—Arn (delay of activity
km 14 measurement +T/2)]. (14)
)= —at —Arnt)|, (10
CO=Colpy, exp(-at) e exp(=An )] (10) S .
The detection efficiency is determined by means of a cer-
tified source of?°Ra of activity A, (in secular equilibrium
1 1 7 999 . N X ) ) i
a=P(=+ )+ A (11) with #=“Rn) uniformly distributed in a container, with geome

V  km try and under conditions identical to those of the other DBCC
devices, subjected to calibration or measurement. For this
hask is also tested a blank DBCC from the same batch, which

as never been exposed to the atmosphere since its manufac:

In Ref. 12 it is suggested the use of solution (10) for
computing the average concentration of radon in the close

_(;h_:;m;ber szr;gg ‘?; 'rg::%lrr%otnh(::régﬁgg.ﬁ'g#efrfgdbéa‘é? b ture. The detection efficiency is determined on a daily basis,
'L 1S SUGQes D loratl e Yin each calibration procedure or radon measurement during
measuring its activity after the exposure to radon inside th?he sampling. For this purpose, counting ratesand v, -

Chamber' Thls.procegure' |s"proved expgrlmentally n R_’ef. 12(torresponding to the above mentioned energetic interval- are
using a dynamical or "active” radon monitor together with the

determined for the certified source and the blank DBCC, re-

DBCC. . - ! )

An alternative to the approach in Ref. 12 is to perform theSpeCtNely' The efficiency may be written as:
calibration theoretically. To do this, the magnitude that is de- Vs — Up
termined experimentallyy;, should be related to the radon €= Aert (15)
concentration in the air. This calculation should be done from
the same Eq. (9), obtained in Ref. 12. The resulting exprest he expression (13) is transformed into
sion is: Vexo — U

CF=_-2_ . (16)

Qi(t) = 10701 lexp(—Agnt) — exp(—at)].  (12) GoT'e DC”

v ' km where v, is the counting rate of the DBCC subjected to

It should be emphasized that, in a closed chamber, magf__alibration, ar_1d the re_maining magnitudes are pre\{iously de-
nitudesV” andkm are different:V is the volume of the cham- fined. C'F” units are liters/minute. The procedure in Ref. 5
ber in which the radon concentration in the air is tested, an§Stablishes the fitting of a straight line of calibration(af*

km = V., is the equivalent volume of air, from which the Versusl’ for the values obtained.

activated charcoal of a DBCC has adsorbed the radon gas.

5. Experiments

4. DBCC calibration . . .
The DBCC devices used in this work are manufactured

EPA’s calibration procedure for DBCC devices in a flow by F & J Specialty Products (catalogue number R40VCD),
chamber at controlled radon concentrati@p, is described and consist of a cylindrical metallic container of approx-
in Ref. 5. In a few words, it consists on the following: A imately 10 cm of diameter and 4 cm height (with lid).
representative number of devices of the same DBCC batchhe canister contains 201 g of Calgon Corporation type
are introduced into the chamber. Daily, part of them should®CB 6 x 16 mesh granular activated carbon. The activated
be removed from the chamber, for performing measureCh&fCO&' is held flrmly in place within the container by a
ments of their activity levels. The activity of adsorbed radonscreen that prevent loss of any particles. The screen con-
Q; = Aqqs is measured in secular equilibrium with its daugh- sists of a metallic mesh, that provides an openness from 30
ters, by means of Nal(Tl) scintillation detectors inside a suit-t0 50%, fixed in its place by a metallic ring. Underneath the
able lead shield, which counts the gamma rays emitted by th@etallic mesh there is a diffusion barrier formed by a borosil-
radon decay products on the charcoal. The net area of tHgate glass fibber filter paper and a polyethylene layer, perfo-
spectrum in the region with the most intense lines (contigufated with 20 holes symmetrically distributed.

ous energies of 295, 351 and 609 keV) of the radon daughters After sampling, the container is closed hermetically with
is determined. The correspondence between the environme#-sealing tape and a protective cover. Figure 1 shows a
tal radon concentratiof; and the radon activity adsorbed schematic of the used DBCC and a characteristic spectrum
Aqqs into the DBCC during an exposure tinig is deter-  obtained.

mined by applying the calibration factorF: A batch of 90 DBCC were subjected to calibration. The
226Ra canister source, used for efficiency calibration, is certi-
CF — Aads (13) fied by Isotopes Products. The 3” X 3" Nal(Tl) detector and

CoT DC’ its associated spectrometer are from Canberra Inc.
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to radon inside a small chamber hermetically closed, together

with abundant uranium mineral extracted from Chihuahua

mines. The DBCC devices were exposed during 4 days to
351 ke radon emanated from the mineral, then they were closed.
The initial activity of radon was determined immediately af-
ter the secular equilibrium was reached. Later, the devices
were opened and were exposed to radon-free air. During 7
consecutive days the remaining activity was determined. The
activities were determined by measuring the certified source,
the blank, and the corresponding DBCC, by means of the ex-
pression

255 ke

603 ke

FIGURE 1. Schematic of the DBCC and the spectrum of adsorbed
222Rn, from the gamma- rays of its daughters in secular equilib-

Voxp — U
rium. A(T) =-=p_ 0 (18)

3

cha?r:rt])z(:'a\?atilgltﬁetilr:nl\?lye;:lireinlztenac:j z?ﬂgﬂge?hélgvg Ar,g(:)c:g and using (15) for the efficiency. For the determinatior of
. . P . ) by means of the semi-logarithmic straight lines of desorption,
cedure for calibration [5], described above, it was decided t y g g P

%nd for calculation of their slo it was necessary to ap-
determine experimentally the integration timef the DBCC Pek,, y b

_ ) . ply a correction for radon disintegration occurring while the
de\(|ces of the batch and the_absorptlon coefficient the containers remain closed, to allow the radon decay products
activated charcoal they contain, and to use the following ex

pression for the calibration: to reach equilibrium, and to measure their activity.

The adsorption coefficient was determined following
Qi(T)=kmCi=kmCo(1-Arn7)(1—exp(=T/7)), (17)  the procedure suggested by Zikovsky [13], by means of a
obtained from Egs. (3) and (6). This approach is theoreticallyechnique based on adsorption-desorption of radon by a small
justified, as demonstrated above, and allows the researcheramount of activated charcoal. An intense source of radon and
perform indoor radon samplings with a DBCC, with short- a flask of approximately 0.5 liters capacity were used for this
term exposures, and using a calibration specific for the curPurpose. After a moderate adsorption of radon by the ac-
rent batch. Furthermore, this procedure is inexpensive antivated charcoal, of initial activityd, the sample is placed
may be applied in the same laboratory that conducts the anahto a flask of volumeV;, containing air with a negligibly
ysis. The procedures for determining the parametemsd~  low radon concentration. Then, radon of the activated char-
are described below. coal will partially desorb to the air, which activity will bé,,.
Ten devices, desorbed for 20 hours in an oven at°T],0 The activity remaining in the charcoal will bé,. at equilib-
were chosen at random, and they were consecutively exposétim, so thatd, = Ao - A.. The coefficient of adsorptioh
|  satisfies the definition

b (radon adsorbed by activated charcoal | weight of charcoal sample) (19)

(radon concentration in air, in equilibrium with radon adsorbed by the charcoal)

(units in liters of air / grams of charcoal).
Then the volumé’;, the mass of the sampte.,, and the
activities were experimentally determined to obtain

= Aol Men (20)

I
For the procedure described above, the minimum de-

tectable activity of radon, and concurrently, the minimum
detectable radon concentration, should be determined. The
expression, suggested by Hurtgetral [14], was used to cal-

Aa/Vs U : .
Once the experimental values bfand \,, are determined culate the minimum net counting rate, when there is a net
- ' signal from the blank, (based on the statistic u), is

they should be introduced in (17), to calculate the calibra-
tion function@;(T) for different exposure times, normalized

to Co. o _ _ |2+ uy/(0+ 8+ w?)
The radon concentration in a room is determined by ex- Lg = Spet = ’ (21)
posing the detector to air, measuring its adsorbed activity, and 2

dividing the result by the corresponding calibration value,

Q:(T)/Cy. During the exposure, the device should be placedvhereb is the number of net counts of the signal from the
with the open side up toward the air. Nothing should impedébdlank, observed at the same time that measurement of the
air flow around the device. blank and the sample are performed.

Rev. Mex. 5. 49 (5) (2003) 457464
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6. Results of Ref. 5, and assuming the mass of activated charcoal of the
detectorsis 70 g.
For the determination of the integration time the initial The values obtained fdr and \, were also used to illus-

activity of the DBCC devices reached values between 62%rate the form of the expressions for the radon concentrations
and 1120Bq of Rn/g of activated charcoal. The statistic in air and a DBCC in a closed chamber, if an initial con-
of the region of interest in the DBCC was of16vents ini-  centrationC,, is injected, -given by (14) and (16)-. For this
tially, and finished being 0 The statistical errors were de- purpose, the value dP was obtained by replacingand \,
termined by propagation and were negligible. The values ofn the expression (5), to find the value of using the expres-

the slopesX,, - constant of adsorption-desorption) and of thesjon (11). Also it was assumed a charcoal mass m = 70 g.
integration times- derived from the resulting straight lines of Results are shown in Fig. 4.

desorption are shown in Table I. The errors in each row rep-
resent the standard deviation derived from the measuremefg e |. Adsorption-desorption parameters of the 10 DBCC de-
statistic. The errors of the average value of the constants akgces subjected to calibration.

the standard deviations resulting from the dispersion of the — -
individual slopes and integration times. DBCC Ae(day™!) ou(day™) r(days) o(days)

The adsorption coefficient of activated charcéawas 1 0.2517 0.0039 3.97 0.06

determined using the following procedure: Activities were 2 0.8435 0.012 1.19 0.02
measure in the same Nal(Tl) detector, with a vessel 3 0.6144 0.0035 1.628 0.009
of V; = 0.546 liters and a mass of activated charcoal , 0.6003 0.0027 1.666 0.007
M., = 0.2443 grams. F_Qelanve .actlvny measurements were 5 0.6177 0.0029 1619 0.008
performed every 15 minutes, in 3 sequences of four 30-

minute desorption periods. The results wére- 3.8 + 0.7; 6 0.2736 0.0049 1619 0.07
4.2 + 0.3 and4.2 + 2.3 liters/gram, respectively for each se- 7 0.3817 0.0065 2.62 0.04
guence. The general average was 4.1 £ 0.2 liters /gram, 8 0.3061 0.0089 3.27 0.09
the same as the reported in Ref. 13 for the activated charcoal ¢ 0.400 0.042 25 03
of Calgon Corporatlon. 10 0590 0037 17 01

The experimental average results bfand A, were
average 0.49 0.19 = 2.0 1

replaced in Eqg. (17) to obtain the calibration coefficient

Qi(T)/mCy. Figure 2 shows the result of the calculation. 1, £ |1. Relative random errors of the activity of a DBCC, ex-
The activity adsorbed by a DBCC during an exposure ffme  posed to an unitary radon concentration, and normalized to the
Qi (T), obtained from the expression (17), is normalized bymass of the activated charcoal.
the constant concentrati@ry and the mass of activated char-
coalm. The two curves represent the extreme values ofthet(days) 1 2 3 4 5 6 7 8 9 10
interval of propagated error @;(7"), determined from the o0
experimental standard deviation/ofind the standard devia- - 0.18 0.16 0.14 0.13 0.12 0.11 0.10 0.10 0.10 0.10
tion of the average value of,. The relative random errors of
the activity of a DBCC, resulting from the propagation of the
nuclear statistics, the calibration error - due to uncertainty of
the activity of the certified source-, and of the errorg)efT)
are shown in Table I, for different exposure times.

The expression (21) is reduced to

L = Spet = 2.71 + 4.651/(b + 1.34) (22)

for the case of a 5% of confidential interval, using u = 1.645.
The value obtained from (22) is introduced in the expres-
sion (17), in order to know the minimum detectable concen-
tration of radon. The minimum detectable concentration of
radon for a 3 days exposure time and a 24-hour delay period

before taking measurements, is 20 Bg/m L . o
FIGURE 2. Calibration coefficient chart for the activity of a DBCC,

b lIQn ]f)rder tohcom'garesthls Cahbra“%n t?\ th? Oni SUQ?eSte(is a function of the exposure time. It is assumed that the device is
y Ref. 5, a chart (Fig. 3) was created, showing the values o xposed to an unitary constant radon concentration. The coeffi-

CF published in Ref. 5, simple and multiplied by the decay ¢jents are normalized by the mass of the charcoal in the container.
correctionDC of Eg. (14). The results of this calibration are parameters and), were obtained experimentally and replaced in
shown along with the uncertainty interval and divided by theRef. 17. The extreme values of the error interval, propagated from
exposure time, to be analogous with the experimental valuegarameterg and ), are also shown.

1 —— Q) = 4.1(1-M0.49)(1-exp(-0.49T))
# e QY o
—am-o

0 T T T T T
1} 2 4 [} a 10

Exposure time (days)

coefficients (liters of air/grams of charcoal)
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TABLE Ill. Average radon concentration in air, determined from measurements by electrets, and obtained with DBCC devices, applying
expression (17) for calibration.

Position Electret's Concentration (Bg/in Concentration on DBCC # 1 (Bg/th Concentration on DBCC # 2 (Bg/th

1 229+ 22 231+ 39 -
2 137+ 14 100+ 17 99+ 17
3 167+ 17 155+ 26 154+ 26
. (Gray-Windham ,1990) 1.0 4
0.055 linear fit (Gray-Windham,1990)
1 --—-QM/T
i D T e QM- /T _ "
Euws— S %, QM+ /T S
E 1 \ i (Gray) exp(-}T/2) R
w— 00404 \ c
o o 8
% R0 IR 8 044
5 0030 N 3
5 0030 A \d_ T A
4 3 o e ©
£ 0] Ao, £ 024
2 1 4 o
® 0020 i = :"-.. =
8 i . 0.0
S 0oTs H“H,A :"‘;-__ T T T T T T T
i s WY 0 2 4 6 8 10
0.010 T T T T T 2 T 1
0 2 4 5 8 10 12 Exposure time (days)

Exposure time (days . . .
R (days) FIGURE 4. Values of the radon concentration in air and for DBCC

FIGURE 3. Points and fitted straight line of the calibration pub- getector when an initial concentration & introduced into a closed
lished in Ref. 5, showing the dispersion of the experimental val- chamber, with the chamber volume as a parameter. The values are
ues (square), and the experimental values multiplied by the decay,grmalized by C(t)/G for the air and byQ(t)/CoV for the char-
correction, without the dispersion (triangle). The curves repre- coal. The DBCC has 70g of activated charcoal; its paraméters
sent the activity of a DBCC -with parametetsand A, obtained ) P and a are equal to those adsorption-desorption and diffusion
experimentally-, after been exposed to an unitary constant radorharameters, determined experimentally. Solid curves represent the
concentration, divided by the exposure time, Q(T)T@nd the  yadon concentration in the aif;(t), whereas dotted ones give the
extreme values of the error interval, propagated from the standar¢tadon concentration in the activated chara@ét). For infinite vol-
deviations of parametefsand\,. ume of the chamber there is no concentration curvefer. The

S lower solid curve and the upper dotted one correspond to a volume
F(_)r control purposes, ra_don concentration in air was meapf 10 liters; the following solid curve (bottom), with the following
sure in a room, where uranium mineral is stored. Five DBCCdotted one (top), correspond to a volume of 100 liters, and so on.

devices and three electrets [15] were deployed. They were

exposed for 4 days, in different positions. The results ardaround 10%). Table | shows a series of very dispersed val-
shown in Table III. ues for the adsorption-desorption constants. This fact is jus-
tified by the natural differences in activated charcoal from

containers. This is also noted in Refs. 5 and 6. Measure-
ments with another set of detectors would produce approxi-

In Table I, the values of the integration time of the DBCC Mately the same average value, because containers were se-
set are lower than the mean life of radon,, = 5,52 days, lected randomly.

as expected from (5). The most frequent values are be- InFig. 3, the values for the calibration factor published in
tween 1 and 3 days. These facts suggest that DBCC devic&¢f. 5 are multiplied by the decay correction in (14). Then,
should be used for exposure periods of about 3 days, and ribe resulting values are included within the uncertainty inter-
greater than 5 days. The calibration procedure recommendeé@l of the calibration performed for this work, which repre-
in Ref. 5 and the one, provided by manufacturer F&J Spesents the disparities derived from the mentioned differences
cialty Products, range up to 10 days. However, values in Taamong the containers and the production batches.

ble | suggest, that many detectors are likely to be saturated Figure 4 shows that, when the chamber volume increases,
if radon concentration in chamber has remained constant fgiadon concentration in air tends to increase toward the radon
more than 5 or 6 days. DBCC batches used in laboratoriegoncentration of the chamber without DBCC detector (infi-
are of 90 or more containers. It is not practical to calibratenite volume). It was described by Ref. 12. This behavior is
each individual device, but to perform a calibration with aexplained by the produétm, that is, by the limited capacity
representative part of each batch, as it was done in this worf adsorption of the activated charcoal inside the DBCC.

7. Discussion
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TABLE IV. Random sampling in Chihuahua and screening results from Parral, Jimenez and Aldama (Chih.)

City Number of Dwellings with % of dwellings with Average-Min-Max
sampled dwellings €> 148 Bg/n? Co > 148 Bg/n¥ (Bg/m?®)
Chihuahua 128 41 32 137<20 - 885
Parral 36 12 33 200<20 - 1450
Jimenez 26 8 31 120 - 40 - 380
Aldama 19 9 47 141 - 40 - 390

It is observed from expression (11), in the case of arsure time was approximately three days. The detection effi-
exposure chamber of very large volume, whar&omes ciency and the blank counting rate were determined daily.
closer to the value of,, that the expressions (12) and (17) First, a screening was conducted in one hundred ad-
have similar forms, but nonequal, because the approximatiodresses at the city of Chihuahua, using DBCC type detectors
exp(—Agrn 1) &= 1 cannot be done whek, is approaching and electrets. Subsequently, it was performed a random sam-
Arn. Therefore, it is not possible to assure that the adsorppling in Chihuahua city, taking a sample from 128 randomly
tion of radon by a DBCC in closed chamber conditions will selected addresses. In this sampling activated charcoal de-
behave as in a room. tectors were used and every ten addresses, a duplicate and ¢

Values in Table Il suggest that the use of DBCC devicessolid state track detector were added for quality control. In
for short term sampling periods, with the calibration from the cities of Parral, Jimenez and Aldama it was made a single
expression (17), is similar to the use of electrets. DBCC descreening. The results are shown in Table IV.
vices may be useful in research, applying radon screenings
and random samplings in dwellings. 9. Conclusions

8. Applications It is not recommended to simulate the testing of radon con-
centration in air with a DBCC in rooms by introducing the

In the past 20 years there has been a great concern about tq;@ntainer into a closed chamber, with an injected initial ac-
health risk from exposure to radon. This situation has intivity. A room is better simulated by a constant flow cham-
creased the interest in sampling radon in dwellings. Very deber: The subsoil serves as a constant emanation source, anc
tailed studies in the United States [16] and United Nationsdoors and windows of the room allow radon to escape. This
organizations [17] have proposed different action levels follows to maintain an approximately constant radon flow in
radon remediation. The action level recommended in théhe chamber. For laboratories that do not have a controlled
United States is 148 Bgfi whereas that of the IAEA, in constant flow chamber, it is recommended to perform the de-
situations of chronic exposition to radon in dwellings, is antermination of constants and A, using the procedure de-
annual average Rn-222 concentration in air from 200 to 60@cribed here, and to use the expression (17) for DBCC de-
Bqg/ms. vices’ calibration. The application of the DBCC detectors for

Indoor radon studies in Mexican houses throughout thdhe screening and sampling of cities at the state of Chihuahua
country have been performed by several institutions and rdaas given reliable results for assessment of radon concentra-
searchers [18-20], applying almost always long term samtion in the air in dwellings.
pling periods with solid state nuclear track detectors. Gen-
erally, average radon concentration in Mexican dwellings ha%cknowledgments
been reported below 148 Bg#m

The calibration made in this work was applied in the pro-The authors appreciate the collaboration and help of Dr.
cedures utilized to evaluate the radon concentration in th&liguel Balcazar in the accomplishment of this study, and
cities of Chihuahua, Jimenez, Hidalgo del Parral and Aldamaacknowledge the Instituto Nacional de Investigaciones Nu-
in the state of Chihuahua, in short term sampling periods. cleares (ININ) of Mexico for providing the Laboratory of

In each experiment, the devices were exposed to indodRadiation Physics’ facilities to perform part of this work.
radon in different areas far from doors, selecting bedroomdhis investigation was sponsored by CONACYT 31227-U
(preferably), and avoiding bathrooms or kitchens. The expoand SIVILLA 20000402005 projects.
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