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ABSTRACT

Long-term continuous measurements of the atmospheric outdoor alpha-activity concentration have been
performed by using a radioaerosol-monitor, roof-mounted 20 m above ground. The alpha-activity
concentration was identified to be predominantly attributed to radon progeny. The total alpha-activity covers
a range of two orders of magnitude.

Three different components of variations could be identified with regard to temporal variations: Short-term
diurnal component (daily variation), mid-term component (days to weeks) and long-term component (seasonal
variation).

Continuous measurements have been recorded since the end of 1993. The results of continuous measurements
of the outdoor alpha-activity concentration over a time span from January 1994 to June 1995 are presented.

MATERIAL AND METHODS

The continuous measurements of the gross alpha and beta-activities have been carried out with a
radioaerosol-monitor, which is part of the local early warning system for radioactive contamination of the
city of Salzburg. (Instrument: FAG Iodine-Aerosol-Monitor, Eberline Instruments / Germany). The
radioaerosol unit consists of a dry vacuum pump with a constant flowrate of 6.8m3/h, a 5cm wide glass fibre
filter and a ZnS coated plastic scintillation counter (BICRON Be 408,0.25mm thickness, 50 mm diameter).
The glass fibre filter tape is transported stepwise under the detector 0.5cm every 30 minutes. Calibration
for alpha and beta is done with 241Am and ^Sr sources. The detection range lies between 1 Bq/m3 and
105 Bq/m3. For the detection of the Alpha-activity, which was assumed to be exclusively of natural origin
on the basis of the Alpha/Beta ratio, continuous 300min and a 30min Alpha-concentration values are
available in combination with a ratemeter activity value in Bq, which is updated every two seconds. For
this investigation the 30min alpha concentration value was used.

The instrument is situated in the 3rd floor of the university building at a height of 14m above ground level,
the height of the inlet hole of a vertically fixed stainless steel tube of 4m length for aerosol sampling is 20m
above ground level.

RESULTS

The results of 1.5 year recording are shown in Figure 1 revealing a large scattering of the data. The mean
value recorded over this period was 9.8 Bq/m3, the maximum 48.4 Bq/m3 and the minimum level was below
the detection limit of 1 Bq/m3.

Three components of the temporal variations could be identified:
(1) diurnal variation,
(2) day to week variation and
(3) seasonal variation.

The diurnal component is the most pronounced, exceeding both the day to week and seasonal variation.
The highest ratios of maximum to minimum gross-alpha activities are produced by the diurnal variations
reaching close to ten during week-long high pressure periods. During windy and cloudy weather conditions,
especially in low pressure time periods, outdoor gross-alpha activities tend to be low with correspondingly
small maximum to minimum ratios of the diurnal variation (Fig.2a). Strong diurnal variations are best
established in time periods with good weather conditions, when low turbulent air exchange with night

PORTOROŽ 95 328



SESSION IV PROCEEDINGS

inversion layers occurs (Porstendörfer et al, 1994). These periods occur mainly during summer and autumn
producing a well defined periodical alpha-activity pattern (Fig.2b). Maximum to minimum ratios goes as
high as ten. The maximum outdoor alpha-activities occur in the early morning hours when turbulent air
exchange is lowest whilst the minimum activities can be observed in the (late) afternoon after turbulent
mixing during daytime.
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Fig.l.: Time dependent pattern of daily variation of the outdoor alpha-activity concentration recorded between
January 1994 and June 1995. Small insert displays monthly averages.
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Fig.2a: Outdoor gross-alpha activity recorded
during a low pressure period with heavy
rainfalls and windy weather conditions.

Fig.2b: Outdoor gross-alpha activity recorded
during a high pressure period with high
temperature during daytime and low
turbulent mixing during night time.
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Day to week variation (2) is governed by changes in meteorological conditions or while the weather
conditions are stable. Changes in weather conditions may cause abrupt changes of the temporal gross-alpha
activity pattern. Fast changes in weather conditions are characteristic for the geographical position of
Salzburg adjoining the northern slope of the Alps. Massive occurrence of rainfall or snowfall might reduce
the outdoor alpha activity by more than a factor of ten. This is demonstrated in a two-week period of
March, 1994 on Fig.3a: This period shows a semiperiodical diurnal pattern for about 3 days, followed by
a drastic reduction lasting for 3 - 4 days with low absolute values and small diurnal variation developing
into a semiperiodical pattern at the end of the time period again. The massive decrease coincides with the
beginning of heavy rainfalls, lasting for days with only short rain-free periods. In contrast to that pattern
the temporal variation of the alpha activity during a longer high pressure period in (Fig.3b) July 1994 shows
a continuous increase of the mean, maximum and minimum levels during a 1 week period interrupted by
an abrupt drop to almost zero which is again followed by a steady increase. The interruption is caused by
two short rainfall events within 6 hours that caused the sharp decrease by washout and which limited
exhalation of Radon from the soil thereafter. The steady increase before and after the rainfall is interpreted
to be an effect of drying up of the soil in the precipitation free periods. The reducing effect of high moisture
in the soil on the radon exhalation has been found to be strongly effective on the level of the outdoor
activity concentration of the Radon decay products (Grasty, 1994).
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Fig. 3a: Outdoor gross-alpha activity recorded
during a 12 day period with a sharp drop
of outdoor activity at the change from
high to low pressure conditions —'
rainfall on the 4th day.

and

Fig. 3b: Outdoor gross-alpha activity recorded
during a 2 week long high pressure period
interrupted by a short period with
rainfalls on the 7th day.

The seasonal variation (3), expressed in monthly averages (small insert in Fig.l) reveals a one-phase
periodical yearly pattern with minimum levels in spring and maximum levels in autumn. This pattern
follows a general trend of high precipitation in spring time and low levels in autumn
(ZENTRALANSTALT f. MuG). Minimum outdoor activity levels are recorded when precipitation is high
and vice versa. This seasonal pattern supports the short period finding noted of the influence of soil
moisture on radon exhalation.
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