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Using cellulose and charcoal filters simultaneously, we propose a very simple method to estimate the attached and 
unattached fractions of some airborne radionuclides. We have systematically controlled by Aamma-ray spectrom- 
etry the concentrations in surface air of some primordial radionuclides: '%, 226 Ra, "*Pb, 'h, *'?I and '%i. 
We have also determined the concentration of the cosmogenic radionuclide 'Be. 

All the activities of these elements keep lower than the accepted mean values, and in most cases are around the 
back round activity. The results show that 2'$i, 212Pb, 21%b and 208n are always attached to aerosols, whereas 
7Be, 

Using a scanning electronic microscope we have determined the main components of the aerosols, which are 
found to be Si, Ca, Al, CI and K. 

$0 K and '*$a have also a fraction unattached. 

KEY WORDS: Natural gamma emitters, surface air. 

INTRODUCTION 

The knowledge of the concentrations in air of the natural radioactive elements is of particular 
importance, not only because natural radiation is the largest contributor to the collective 
dose of the world population, but also because it is possible to use this radioactivity as a 
tracer for the study of atmospheric circulation. 

The natural radioactive elements in the environment can be classified, according to their 
origin, into cosmogenic and primordial ones. Cosmogenic radionuclides (i.e. 'H, 'Be, I4C, 
etc.) are mainly produced by secondary cosmic rays, and contribute to the total external 
gamma radiation dose at ground level by as much as 40%. The activity of the main primordial 
radionuclides (40K, '%b and the elements of the radioactive series 4n and 4n+2) depends on 
the concentration of these radionuclides in soil, and gives the most relevant contribution to 
outdoor exposure. In spite of variations in soil composition, UNSCEAR-82 estimates the 
outdoor terrestrial absorbed dose rate in air from gamma radiation as 4.4 x lo-' Gyh  and 
the relative contributions of 40K, 238U and 232Th to be about 35%, 25% and 40% respectively. 
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For comparison, the annual absorbed dose from cosmogenic radionuclides is found to be 
2.8 x 10" Gy at ground level. 

The separation between the "unattached" fraction, constituted by free molecular atoms 
or ions of one isotope, from the "attached"one, composed of a cluster mode aerosol, becomes 
of great significance given that a considerable number of unattached atoms may deposit in 
the trachea and the bronchial region, while attached atoms deposit mainly in the pulmonary 
region. This results in a dose into the bronchial area which is considerably higher than that 
into the pulmonary epithelium. 

Of course, the concomitant literature about the subject of airborne radioactivity is so 
extensive that no attempt can be made to list a comprehensive set of references (for an 
excellent recent review see, for example, ref. 2). In particular, the behaviour of the 
short-lived "'Rn and "ORn daughters (reported as 'I4Pb and "'Pb) and their health physics 
implications have been recently the subject of different The investigation of the 
unattached fraction of short-lived Rn decay products using wire screens has been largely 
addressedz4. In these references the Rn progeny is usually measured by a-spectrometry, 
which requires a previous chemical process for the sample preparation. 

In this work, using cellulose and charcoal filters simultaneously, we propose a very simple 
method that allows us to estimate by gamma-ray spectrometry, without any previous 
chemical process, the attached and unattached fractions of the radionuclides considered. We 
have systematically controlled (every week from September 1992 to April 1993) the 
concentrations in surface air of some primordial radionuclides: 40K, zz6Ra, 21zPb, *14Pb, "8T1 
and 'I4Bi. We nave also controlled the activity of 'Be. The samples were collected at the 
Physics Department of the University of the Balearic Islands (Palma de Mallorca, Spain). 

EXPERIMENTAL 

Instrumentation 

The experimental set-up was composed of : 

- RADECO AVS-28A low flow pump (30 Ym) with a base for cellulose and charcoal filters 
- Schleicher-Schuell ME-27 membrane filters (diameter 47 mm, porous size 0.8 pm) 
- RADECO CP-100 charcoal filters 
- CANBERRA GR 250-75OOSL germanium detector 
- BERTRAN 3 15 high-voltage source 
- CANBERRA 2021 amplifier 
- 2048-channel analyzer as an interface to an IBM PS/2/30 microcomputer 
- scanning electronic microscope (Hitachi 530) with probe for elemental analysis by X-ray 

fluorescence (Kevex 2000). 

The experimental set-up was located at the University of the Balearic Islands (lat. 39" 
38' N, long. 2" 39' E, elevation above sea level z 70 m). The pump base with filters was 
placed outdoor at 4.5 m from the ground level. 
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GAMMA EMITTERS IN SURFACE AIR 329 

Measurements 

To concentrate the gamma emitters in the air, we have employed a membrane filter (porous 
size of 0.8 pm) followed by a charcoal filter, both placed in the base of the low flow pump 
(30 Ym) working continuously during a week. Aerosols (attached fraction) were retained on 
the cellulose filter, whereas the charcoal filter was used for gas concentration (unattached 
fraction). 

Four days after the concentration process, the activity of both filters was measured using 
the gamma spectrometry system. The set-up for gamma-ray spectrometry was calibrated 
using a "'Eu, I3'Cs, '33Ba andmCo source of the same geometry as the samples. The resolving 
power of the chain was 5.0 keV. 

To give an example, in Figure la  we show the gamma-ray spectrum obtained from the 
charcoal filter exposed during the week 8-15 Sept. 1992, and for comparison the spectrum 
of the cellulose filter corresponding to the same period is displayed in Figure 1 b. Both spectra 
were obtained by measuring the radiation emitted by the samples for 24 h. For each filter, 
the activities of the radionuclides detected were calculated from the areas of the peaks, after 
subtraction of the corresponding background spectrum. 

The background activity was obtained by measuring the radiation emitted during 24 hours 
by the filters before aerosol concentration, assuming the same air volume pumped as in the 
samples. From the background measurements we have computed the Low Limit of Detection 
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Figure 1 Gamma spectra of filters corresponding to the week 8-15 Sept. 1992. a) charcoal filter 
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Figure 1 Gamma spectra of filters corresponding to the week 8-15 Sept. 1992. b) cellulose filter. 

(LLD) as 3 times the standard deviation of the spectrum basis line lo for each radionuclide 
and for each kind of filter. 

On the other hand, we have controlled the influence of the porous size of the membrane 
filter on the retention of aerosols. Using cellulose filters with porous sizes from 0.1 to 0.8 
pm we have found that 226Ra, '14Pb and 'I4Bi are best retained in the filters with porous size 
about 0.2 pm, but the activities of "'Pb and 'O&rl remain more or less insensitive to the 
porous size. These results seem to be in contradiction with the predictions of ref. 5 where 
a mean aerodynamic diameter of 0.16 pm for *I4Pb and 0.13 pm for "'Pb is assumed. 
Nevertheless, all the results obtained are of the same or& of magnitude. In what follows 
we present the results obtained using cellulose filters with a porous size of 0.8 pm, which 
are appropriate in health physics because 0.8 pm is approximately the size of the pulmonary 
alveolus. 

The cellulose filters were also analyzed using a scanning electronic microscope (Hitachi 
530) with probe for elemental analysis by X-ray fluorescence (Kevex 2000). The composi- 
tion of the cellulose filter before being submitted to the aerosol concentration process 
previously described is only organic matter, and the main components, with B10, in the 
cellulose filter after the aerosol concentration process are Si, Ca, Al, C1 and K, as was 
expected according to the soil composition (Majorcan soil is essentially calcareous). 
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Table 1 Mean background activities (MBA) and low limits of detection (LLD) obtained in cellulose and charcoal 
filters for the weekly concentrations of the natural gamma emitters. 

Ra-226 Pb-212 Pb-214 Be-7 TI-208 Bi-214 K40 

MBA CF 12.5 0.84 N.D. N.D. 0.15 N.D. 4.2 
(m~q/m') CHF 20.3 0.72 2.4 N.D. 0.32 2.0 30.5 
LLD CF I50 19 22 90 13 35 140 
(pBdm3) CHF 1150 170 100 310 66 63 400 

N.D. =Not detected 
CF =Cellulose filter. 
CHF = Charcoal filter. 

RESULTS 

The mean background activity together with the Low Limit of Detection (LLD) for each 
element in membrane and charcoal filters are shown in Table 1. Notice that in all cases the 
LLD of cellulose filters are below those of charcoal filters, according to the background 
measurements. 

The weekly activities (exceeding the LLD) of the radionuclides retained on charcoal 
filters from September 1992 up to April 1993 are displayed in Figure 2, as well as the rate 
of rainfall by week. A quick glance at this figure shows that only 'Be, "OK and "'ka present 
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Figure 2 Weekly concentrations (only those exceeding LLD) of the natural gamma emitters retained on charcoal 
filters. The histogram shows the rate of rainfall by week. 
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an unattached fraction of the activity. The activities of "*Tl, "'Pb, 'I4Pb and 'I4Bi in charcoal 
filters always correspond to the background one (Bg) because these nuclei are always 
attached to aerosols and retained by the cellulose filters. 

This is clearly shown in Table 2a where some selected weekly activities of charcoal and 
cellulose filters are compared. Notice that, as expected, there is a clear deviation from secular 
equilibrium. The figures show that all the elements of the 4n and 4n+2 series have been 
preferentially found in a cluster mode. For all these radionuclides the attached fraction is 
always much greater than the unattached one, only *'%a having a significant gaseous 
fraction in some cases. The results concerning the unattached fraction of @K are in 
contradiction with the usual criterion that the large-lived elements must be preferentially 
found in a particle-bound mode. Our work confirms that the activity of both fractions of 40K 
at ground level clearly depends on the air dust concentration. The same comments apply to 
Table 2b where the monthly mean concentrations are shown. We want to remark that these 
activities give the absolute radionuclide concentrations on the filters at the measuring date. 

There is not a clear correlation between the total rainfall, which is also shown in Tables 
2a and 2b, and the unattached activity of 'Be, 40K and "%a. Nevertheless, during the most 
dry periods the mean concentration of the radionuclides increases but remains less than the 
accepted mean values I ,  as it corresponds to a calcareous soil where the concentration of 
elements from the 4n and 4n+2 series is rather small. 

CONCLUSIONS 

We have proposed a very simple method, using simultaneously cellulose and charcoal filters, 
that allows us to estimate the attached and unattached fractions of the radionuclides 
analyzed. The systematic control during eight months of some gamma emitters in surface 
air at the Balearic Islands shows that 214Bi, "'Pb, 'I4Pb and "'T1 are always attached and 'Be, 

K and "%a have a fraction attached and a fraction unattached. In all the cases analyzed 
the concentration of primordial radionuclides is less than the accepted mean value. 

The analysis of the cellulose filters by a scanning electronic microscope shows that the 
main components of the aerosols are Si, Ca, Al, C1, and K, in agreement with the Majorcan 
soil composition. 
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