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Abstract

Measurement of gross ¢, gross  activities and cosmogenic beryllium- (7Be) concentrations were made both daily and

weekly during s R and from samples of atmospheric aerosols filtered from the air at Tehran Nuclear

o

Research Center ( o N) and Zahedan (
variations in time and through these measurements we have established atmosphere. The air concentrations of gross 4 and

' N). The data are sufficiently numerous to allow us to examine

gross ¢ activities and 7Be concentration displayed a lognormal disttibution during the study period. Both of P activities
and "Be have maximum concentrations during warm mid-year months. In this work, the data on concentration and
meteorological data have been made use of in order to determine a'model for gross ¢ and gross § and ’Be, respectively.
The model can be used to estimate that part of the trend in gross # and in ’Be levels that can be accounted for by trends in

local meteorology. We didn’t find any relation between gross ¢ and meteorology parameters. A satisfactory agreement
between the results of the model and the measurements was highlighted.
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.Introduction

Radioactivity in the atmosphere originates from natural radioactive decay, cosmogenic production and from nuclear weapon
testing and nuclear accidents. Inhalation is one of pathways by which radioactive nuclides are incorporated into the human
body. In our laboratory, we are continuously measuring the radioactivity in the surface air. It is not purpose of this paper to
predict the impact of specific. incremental radiation exposure arising from human activities of population but with
information base provided, national and international bodies may be able to select appropriate criteria for the radiological
protection of natural population communities and ecosystem.

Result of measured gamma emitting nuclides show that cosmogenic 7ge is the only nuclide found in the air of Iran. "Be

(t,,, = 53d ) is one of radioactive products of the bombardment of the atmosphere by cosmic rays. About ¥ o/ of 'Be is

produced in the stratosphere and Y°Z in upper troposphere (Johnson and Viezee, )4AY). Once ' Be is formed in the
troposphere it rapidly associates primarily with sub micron sized aerosol particles. 'Be in these aerosols may subsequently
enter the marine as well as terrestrial and vegetation environment via wet or dry deposition events (Papastefenou, 143¢),

In this paper we report four years of continuous measurements of gross & and gross ﬂ activities and concentration of ‘Be in
surface air. Using these data, the present research was undertaken with the following principal goals:

a) To perceive the variations of gross and gross # and Be concentration in Tehran station and compare to

Zahedan station.

b) To identify the main meteorological parameters which are responsible for the variation of those concentrations.

¢) To model the data obtained from our sampling site as a function of meteorological parameters such as temperature,
precipitation, wind speed relative humidity, etc. With the regression model we believe that we can estimate the
ground level concentration associated with changes in meteorological conditions.
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. Experimental procedures

Airborne dust samples were collected daily in fiber glass filters, = mm diameter (collection efficiency ,  for , pore

size) with an air sampler at a flow rate m’ day “and weekly aerosol samples have been collected with high-volume air
sampler in cellulose filters (Petrianov). The air sampler was lodged m above the ground, on Tehran and Zahedan stations.

The fiber glass and cellulose filters use to count the gross & , gross A3 and Be, respectively. The instrumentation to count
the gross and gross # activities was automatic beta analyzer (Nuclear Enterprises) and SZn (Ag) counter, respectivly.
Long-lived beta activity is total beta activity four days after the end of sampling, when short-lived Rn progeny had decay

into?'Pp . Since the levels of radioactivity encountered in environmental samples are low, long counting times were
necessary, on the order of second. The background of detector was determined before and after use by second

and was subtracted from sample counts. All the calculations have been made using the appropriate density thickness
corrections for efficiency to correct gross beta (based on Sr) measurement to specific activity in Bqm™ with estimated error

at+ sigma.
Weekly aerosol samples have been collected with high-volume air sampler in cellulose filters (Petrianov) and the Be
contents of samples were determined with semiconductor gamma spectrometry. Measurement of Be in each sample was

carried out by non—destructive gamma-ray spectrometry by means of its , keV gamma-ray using a hyper—pure
Germanium (HPGe) detector made by CANBERRA (relative efficiency about to the efficiency of x Nal at cm
distance; resolution keV for keV gamma-ray of Co) connected to a channel pulsed—heigh analyzer. The

counting efficiencies of the HPGe detector were measured by using a standard sample containing known amount of
radioisotopes such as Ba, Cs and Co. Counting time for each sample was ok seconds leading to the detection limit

about , Bqsample .
The Be concentration was calculated using a  day half-life, gamma counting efficiencies of , and branching ratios of
, . The concentrations were corrected for decay to the mid-collection period.

. Results and discussion

The gross &, gross A3 activities and Be data used in the analysis are daily and weekly values of concentration in surface air.
Aerosol sampling for atmospheric radionuclides commenced in January and terminated in July

The result from individual measurements-of the gross¢ar and gross g activities and Be concentration were analyzed to
derive the statistical estimate characterizing the dissipation. Table provide arithmetic mean (AM) and related statistical

information such as geometric mean (GM), standard deviation (S.D.), maximum and minimum values. These data are given

(. - ) Bqm -

Plots of the frequency distribution show highly skewed (flat on the right) histograms for beta and semi symmetric and

. . . -3 -3 .
symmetric one for '@ and ’Be, respectively (Figs - ). A range of values of , X Bgm ~ and geometric mean of
-3 -3 .. -3 -3 .
, X Bqm ~ were found for gross ¢ activity and a range of values of , X Bgm ~ and geometric mean of
o x Bqm ~ were found for gross # activity. A range of , X - Bqm “and the mean value of , X

-3 . . . . . . .
Bqm  at ground level air were measured for 'Be activity. This letter value consistent with concentration of ’Be in ground
level air that have been reported by others. For sampling sites, Feely at al. ( ) listed the mean ’Besurface air
concentration for each month, averaged over all sampling years. Duenas at al. ( ) listed the mean gross &, gross f3

o Lo . . -3 -3
activities and Be concentration in surface air during the years - , a range of values of , X Bgqm ~ and

. -3 -3 .. -3 -3
geometric mean of , X Bqm " were found for gross activity and a range of values of , X Bgm = and
. -3 -3 .. -3 -3
geometric mean of , X Bgm ~ were found for gross # activity. A range of , X Bgm °~ and the mean value

-3 -3 . ..
of , X Bgm ° at ground level air were measured for ’Be activity.

. Temporal Variations of grossa, # and Be concentration
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Table lists the mean concentration (AM concentration) for gross & , gross 4 and Be and their standard deviation, for each
month, averaged over all sampling years for all samples collected at site. The number of samples in each mean (n) is also
given.

On examining this table, it can be said:

a) The highest values of gross beta and gross & activities are registered in November, while those of

" Be concentration came from J uly.

b) The lowest values of gross beta and gross @ activities are registered in February, while those of
’Be concentration came from January.

¢) The data of our sampling site shows seasonal variations in the concentration of "Be . Seasonal variations
show minimum averages in fall and winter months and maximum averages during the summer months,
probably reflecting the seasonal variations in the transport rate of air from the stratosphere to the
troposphere.

The 7Be data for two sites (Tehran and Zahedan) at a different latitude in northern hemisphere show pronounced seasonal
variation in surface air concentrations of this radionuclide. Such seasonal variations have long been known to occur (Duenas
etal., ; Cruikshanket et al., ; Parker, ; Peirson, ). Observed seasonal variations in the concentration of ’Be
in the surface air have often been attributed to the influence of
variations in the exchange rate of air between the stratosphere and the troposphere. Although this influence is clearly real,
other factors are also is importance (Feely and et al., ). In the both sites, variation in the concentration of also result in

part from seasonal variations in the rate of vertical mixing within the troposphere with the highest concentration being found
during the warmer months (Viezee and Singh, , Dutkiewicz and Husain , ). Monthly concentrations of  gross beta

and gross alpha activities and 7Be in the surface air during the study period are presented in Figures - . The data

shows seasonal variations in the concentrations of gross beta activities and’Be. The concentrations of both are highest
during the warm mid-year months. Such seasonal variation has long been known to occur (Duenas et al., ).

Despite of different origins, the concentration of both "Be and gross beta are partially correlated. Both have maximum
concentrations during the warm mid-year months. An important factor in producing peak concentrations of "Be during the
warmer month is the increased rates of vertical transport of air between the stratosphere and the troposphere that occurs
during those warm seasons. During the warm months, the solar heating of the surface of the Earth leads to the heating of the
air in contact with the surface. Cooler air sinks, displacing the warm, less dense air and forcing it upward. This new air is
heated in turn and is forced upward. A convective circulation is produced, carrying surface air upward and bringing
downward air from higher levels. This vertical transport carries down to the surface layer the "Be that has been produced
within the upper troposphere, as well as that which has entered the troposphere from the stratosphere.

, . Analyses of some meteorological factors affecting variation in concentration

The study of meteorological fluctuations has reached, in the last few years, an increasing importance to environmental
pollution researchers because its knowledge permits the elaboration of empirical models able to predict periods of potential
radioactive pollution. As meteorology plays an important role in the dispersion and transport of pollutants. We have
performed a study to identify. which meteorological parameters are strongly associated with the fluctuations of daily
concentration. During the period of this study, meteorological data (wind direction, temperature, pressure, relative humidity,
and precipitation and sunshine hours) were supplied by geophysics institute weather station in Tehran.

Three factors play an effective role in the climate of Tehran: Alborz Mountains, the western humid currents, and the latitude.
As a matter of fact, Alborz Mountains make the weather in Tehran moderate. In northern Tehran, the weather is moderate
and mountainous, and in plains it is semi-arid. A major part of precipitation takes place in winter. Average annual rainfall
stands at ¥+ + millimeters. The cold season usually begins in December, but in the mountainous regions, it begins earlier. The
cold season lasts ¥ or ¢ months. In mid-March, the weather grows warm. In late April, the weather begins to grow warm at a
faster pace, so that in mid-May, it is rather hot.

We studied the variability of the gross # , grossa and "Be concentration at Tehran station as resulted from local
meteorological condition. First, we performed a simple regression of the gross 3 , gross @ and "Be concentration and some
meteorological factors and then we carried out a multiple regression in order to determine the extent to which the variation
in concentration might be attributed to the combination of these meteorological parameters. In our analysis we use weekly

average of the daily maximum temperature (T ), daily precipitation (RR), daily average relative humidity (H), daily

max
hours of sunshine (SS), daily average pressure (P) and daily average wind speed (V).
In table , the correlation coefficient between concentration and those meteorological factors are summarized. These

correlation coefficients are in , confidence level.
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In order to find the meteorological factors that influence the gross 4 , gross & and 'Be concentration and evaluate them in
order of importance, a multiple regression analysis was carried out with the SPSS | software. The meteorological

variables were obtained chosen by decreasing order of the linear coefficient.
In the validity analysis of each one of the regression equations were taken into account: the relative error of coefficient of
each independent variable, the standard error of each independent variable, the standard error of the estimate and the R-

squared value. Using these criteria, the following equations were chosen for the gross # and "Be , respectively, from the
results of the forward regression method:

Ay P, £, Y, =, )T +, =+ )P O)

Max

Age( )=, %, )Y, %, )T+, * RR¥, #*, )SS 0)

These equation exhibit the number of parameters that most interfere in the fluctuation of the gross # and "Be . Judging from
these equations it can be said that the meteorological variables most influencing the daily gross # activity are: T

(temperature) and P (pressure). For the weekly "Be concentration are: temperature (T), precipitation of that week (RR) and
sunshine (SS).

For the gross & activity standard error estimate is too large. Therefore we didn’t consider any relation between gross o
and meteorology parameters.

A significant feature of the present is that, although it seems to be masked by that to temperature in the regression process,

this phenomenon can be qualitatively appreciated in Fig ~which represents weekly ’Be-concentration and weekly rainfall
data during

, , - Model as a function of meteorological parameters

To test validity of equation in estimation of gross & and gross 3 activities and 7 Be concentration in Tehran, we performed
a study applying Eqgs. ( ) and ( ) to weekly data which werenot used in the stepwise regression method.
In Figs and  we plotted the theoretical line (dotted line), witch showed a concordance between the calculated values and

those experimentally observed. The solid lines correspond to lineal least-squares fit to the data. The regression equation
obtained are given as

-3
ﬂobserved (mBgm ")=, x calculated * )

7 -3 7
Beobserved (mBqm )=, ~ Becalculated+ ’ )

Our study revealed the validity of the relationship for gross # and "Be and meteorological variables implied in the
similarity in the graph slops in Figs and .

A significant feature of the present results is that, although it seems to be masked by that of temperature in the regression
process, this phenomenon can be quantify appreciated in Fig ~ which represent weekly ’Be concentration and weekly
rainfall data during . Rainfall being incidentally very strong or very light may result in rather extreme activity values.
Although this affect is clearly noticeable in individual cases (our case) it does not play an important role in the overall
evaluation of 7Be (Duenas et al, ).
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Table . Statistical parameters of the different measurements

Gross 3 (X\+ " Bqm ) Gross ¢ (X)+ " Bqm ) "Be(x): “Bqm )
Data 14, G4 YA
AM YYY, T, AT, AT
GM YAV, Y AY, 8V AT
S.D. oA, ) Y9,y Y,o¥
maximum oYY, A y40,11 Yo,¢4
minimum Ao Y ), ¢ ),
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Frequency
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Gross beta activity (mBgm-3)

Figure . Frequency histogram of gross ﬂ activity in Tehran station.
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Figure . Frequency histogram of gross & activity in Tehran station.
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Figure . Frequency histogram of Be concentration in Tehran station.
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TableY. Mean monthly measured concentration in surface air averaged over all sampling years.

-3 -3 -3 -3 _
Gross & (X)* “Bqm ") Gross 5 (X)+ “Bqm ) "Be(x\+ 7 Bgm
Month
AM S.D n AM S.D n AM S.D n
January Ve, 0N YV, ¢ 147,¢Y °1,4) ¢ 0,1y AR V4
February AARRE Yo,y of 1VE,Q0 AR ot 1,Yo Y,Y. VY
March q¢,0v Y4,A) Ve YEY,¥A AS,YA Y. 0,AA ¥,14 q
April Y¥,Yo yo,Y) Y 141, YV £4,8¢ 3% T1,AY Y,e1 YA
May YA, Y. YA, YY 09 Yeq,Y¢ 1,09 09 A, Yo Y,y [t
June va, Y V1 0 Y1, vy AY,Yo 1 q,.v y,A0 )
July YvY,a. Y.,oF 14 Y9£,YY TALAT 19 4,7 Y,qY YY
August Y4, YV,Y4 h Yeq,01 0¢,0) 1 Ao ¥ “,0A Y.
September qy,v1 YY,Y1 1 YEV,YY TV, eV S8 Vv, Y, A 'q
October VYo, e A4 oA YVV,YA YT1A oA v,¢4 Y,vAa Y)Y
November VYN, Y. AR of Yo, YA o¢ 0,10 Y,V VY
December AV YA, YA 1y Yyy,v4 £0,.Y 1y 1,AY £,8¢ AR
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Figure . Monthly concentrations of long-lived beta activity in the surface air in Tehran station during
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Figure . Monthly concentrations of gross ¢ activity in the surface air in Tehran station during
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Figure . Monthly variations in the concentrations of ' B€ in the surface air in Tehran station during
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Figure . Monthly variations in the concentrations of ' B€ in the surface air in Zahedan station durlng
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Table . Linear correlation coefficient between surface air concentrations and some meteorological factors
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Figure 8.0Observed gross beta activity versus the calculated.
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