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Monitoring of atmospheric radionuclides is an important part of avoiding or eliminating the risk of diseases to the general public.! Gross D and
gross E activities results should be important in understanding the trends of atmospheric radioactivity and for the variation in time. Airborne
particulate samples were collected monthly during the years 2003 and 2004. Radioactivities were determined using WPC 9550 D/E counting

system. The arithmetic means of gross D/E activities were 2.02:10~ and 2.85'1073 Bq'm ™, respectively. The data obtained in this study provide a

base line for evaluating possible future changes.

Introduction

Radioactivity in the air has always been a part of the
natural environment in the form of cosmic radiation,
cosmogenic radionuclides (14C, "Be, and 3H), and
naturally occurring radionuclides, such as 40K, and the
thorium, uranium, and actinium series radionuclides
which have very long half-lives. Additionally, human-
made radionuclides were distributed throughout the
world beginning in the early 1940’s. Atmospheric
testing of nuclear weapons from 1945 through 1980 and
the Chernobyl nuclear power plant accident in the
former Soviet Union in 1986, have resulted in fallout of
detectable radionuclides around the world. This natural
and manmade global fallout radioactivity is referred to
as background radiation.?

The radionuclides present in our environment can
give both internal and external doses. Internal dose is
received as a result of the intake of radionuclides. The
major routes of intake of radionuclides for members of
the public are ingestion and inhalation. Ingestion
includes the intake of the radionuclides from drinking
water and milk, and consumption of food products.
Inhalation includes the intake of radionuclides through
breathing  dust particles containing radioactive
materials.?

Radioactivity levels in air should be controlled,
because D- and E-particles are hazardous to humans
when the emitter nuclei are breathed. The total energy of
D-particles emitted from inhaled air is the quantity
which is most strongly connected to the potential health
hazard to the lung tissue. The characterization of the
radioactivity levels in air can be done in terms of the
number of D and E emissions produced per unit of time
and air volume (gross D and E activities), which are
determined from the sampling of atmospheric aerosols.3
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At the Ankara Nuclear Research Center, gross D and
E activities were routinely measured in airborne
particulate samples from 2003 to 2004. The main aim of
this study was to determine the level of radioactivity in
Ankara air. The data obtained in this study provide a
base line which can evaluate possible future changes. On
the other hand the reproducibility of the data confirms
the suitability of the method for routine monitoring of
gross D and gross E radioactivity from long-lived
radionuclides in the air samples.

Experimental

Gross D and gross E detection is a simple and
inexpensive technique but it is very sensitive method to
measure low levels of radioactivity for initial screening
of radioactivity in environmental samples.*

The gross analyses are generally made first to
determine the total amount of radioactivity that is
present. It does not provide information about the
radionuclides sources of the D- and E-particles.

Airborne particulate samples were collected two
times in a month in filter papers, 50 mm diameter with
an air sampler (Eberline Regulated Air Pump) at a flow
rate of 40 I/min, covering a total period from January
2003 to December 2004. The air pump was situated
approximately 10 m above the ground, on the roof of the
building of the Ankara Nuclear Research and Training
Center (40°,194° N; 33°, 271’ E ). Particulate materials
in air were sampled continuously by-passing about 500—
800 m? of air through Whatman No. 41 filter papers.
After the end of the sampling the filter paper was
removed from the filter holder. Mass of the airborne
particulates was determined by weighing the filter paper
before and after collecting the air samples (Table 1).
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Table 1. The particulate masses and air volumes in 2003-2004

2003 2004

Date w, mg V, m’ w, mg V, m
January-1 30.00 413 36.50 713
January-11 32.86 678 38.26 748
February-1 32.30 516 41.53 816
February-11 30.00 407 39.61 629
March-1 31.60 587 47.02 916
March-1I 30.00 578 52.80 865
April-I 30.42 464 53.87 943
April-1T 30.25 571 30.00 807
May-1 34.14 573 30.00 511
May-1I 30.00 532 30.00 684
June-1 30.00 588 32.97 673
June-II 33.17 588 31.30 584
July-1 33.41 703 30.00 630
July-1I 31.80 728 30.00 527
August-1 31.87 751 30.10 929
August-11 30.00 683 30.00 778
September-1 33.02 578 30.00 869
September-11 37.44 806 30.00 587
October-1 52.78 983 35.70 686
October-11 31.60 537 30.00 653
November-I 30.00 588 30.00 866
November-II 30.00 524 31.80 686
December-1 32.02 579 55.40 874
December-11 40.74 979 54.60 864

Airborne particulate samples were counted two times
by using gas flow proportional counter. The first counts
occur immediately upon receipt in our laboratory, and is
used to screen the samples for unusual levels of air
particulate activity. These samples were kept in a
desiccator for 24 hours and then recounted in order to
see some relatively short-lived radionuclides, i.e., the
decay products of radon and thoron. Natural
radioactivity of the filter was determined by
measurements performed immediately and 20 hours
later. Artificial radioactivity of the filter is determined
by gross E analysis performed 5 days after sampling.
With the above assumptions, the two measurements on
the filter, at 3 minutes and at 20 hours after the end of
sampling time, describe, in principal, the contribution of
radon progeny RaB (?!4Pb, 26.8 min), RaC (2!14Bi,
19.7 min) and the contribution of thoron progeny ThB
(212Pb, 10.6 h).5

The WPC 9550 is an ultra low level D/E counting
instrument featuring a low profile gas flow proportional
detector with an 80 Pg/cm? ultra thin entrance window.
In this detector the filling gas is usually deliberately
mixed with a polyatomic gas, P-10, which is 10%
methane and 90% argon.

A simultaneous detection of gross D and E
radioactivity was studied using the gas proportional
counter which relies on discriminating the wide energy
differences between D- and E-particles.® The operating
voltage of this system was determined as 1545V by
using 29Sr standard source (NIST). The voltage on the
detector necessary for proper operation was determined
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by running the D E “plateau curve” of count rate versus
high voltage.

Efficiency factors for gross D and gross E were
determined by counting samples with known amounts of
activities prepared in the same geometry as the unknown
samples. The calibration of the gas-flow proportional
counting system for measuring the gross D and gross E
activities were performed using 24! Am standard source
(NIST) and KCI (analytical grade), respectively. The
radiation from natural potassium as a standard for the E
activity of mixed fission products was used in E
efficiency calibration.” The gross E activity was
measured with a low-background plastic scintillation
counter (ASPN, Italy) calibrated with 137Cs and 4K.8
The source of 40K is directly related with the presence of
40K in soil. The amount of potassium in earth crust is
approximately 2.5% and 0.026% of the total potassium
in 40K. Turkish soils are generally rich in potassium.” It
can easily be transported by re-suspended material in the
lower atmosphere. !0

The ratio of the resulting cpm to the known dpm of
the calibration standard yields the efficiency factor. The
crosstalk factors are determined using D (**!Am) and E
(°9Sr) solutions of known activity concentrations
counted over a range of absorber thicknesses (mg/cm?)
encountered during routine sampling and counting; but,
the E-to-D crosstalk in WPC 9550 (as adjusted at the
factory) is negligible (less than 0.1%) and no correction
factors are necessary. On the other hand, D-to-E
crosstalk has highly efficient E counters such as WPC
9550.6
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Self-absorption is not considered in the case of air
particulate filters because of the impracticality of
determining the penetration depth of the deposit into the
filter. No decay corrections are made because the
radioactive species are not identified.!!

Background performance of the WPC 9550 system is
reduced through the inherent low profile detector design
and by surrounding the detector with four inches of
virgin lead shielding. This system detects very low
levels of radiation with ultra low background counting
conditions (D: 0.04-0.20 cpm, E: 0.50—1.0 cpm).

Gross D and gross E activities were calculated
automatically by the system. The reporting units are
selectable as activity per concentration units such as
pCi/m3 or Bq/m3.

Detection capability depends upon the air volume
actually passed through the filter, the magnitude of
background detected, and the efficiency of the counting
instrument. Because of the low activity of the filter
samples we settle an acquiring time of 1000 minutes to
obtain lower relative uncertainties. The resulting
detection limits are 1.13-10° for D activity
measurements and 1.11-10°°Bg'm3 for E activity
measurements.

Results and discussion

Measurements of gross D and gross E activities in
each sample were carried out. The results from

individual measurements of gross D and gross E
activities were shown in Table 2.

Table 2 provides arithmetic mean (AM) and related
statistical information such as geometric mean (GM),
standard deviation (SD), maximum and minimum
values. These values are given in (ul0—3) Bgm3 for
gross D and gross E activities.

The values for gross D activity oscillated between
minimum 0.1-10~3 and maximum 6.7-10-3 Bq'm3 with
a geometric mean of 1.71-1073 Bg'm3. A range of
values of gross E activity was found 1.2:1073
and 8.7-103 Bgm3 with a geometric mean of
2.60-1073 Bq'm 3.

Plots of the frequency distribution show histograms
for logarithm of gross D and gross E activities (Figs 1
and 2). The gross D and gross E activities in the
analyzed air samples followed a log-normal distribution
(Figs 3 and 4). The gross D and gross E activities in
Ankara airborne particulate samples for 2003—2004 were
shown in Fig. 5.

Table 2. Statistical parameters of the gross D and gross E measurements

Gross D,ul0> Bg'm™>  Gross E, ul0~ Bgm™

Data 48 48
AM 2.02 2.85
SD 0.17 0.16
GM 1.71 2.60
Maximum 6.7 8.7
Minimum 0.1 1.2

Fig. 1. Frequency distribution histogram for logarithm of gross D activities
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Fig. 2. Frequency distribution histogram for logarithm of gross E activities.

Fig. 3. Normal probability plot for logarithm of gross D activities

In general gross D and gross E activity results are
slightly higher in 2003 than 2004. This situation may be
related with less amount of coal have been consumed in
2004 and meteorological conditions.

The average gross E activity of all samples is higher
than the corresponding average gross D activity. The
major source of gross E activity may be 210Pb, which is
a long-lived descendant of gaseous 222Rn. This result
can be justified in the atmospheric radioactivity is
known to be dominated by the naturally occurring short-
lived particulate decay products of gaseous radon.
However, other secondary sources of radioactivity, such
as resuspended soil particles or anthropegenic activities
must be taken into account. Regarding anthropegenic
radioactivity, there are several sources such as
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fertilizers, fossil fuel burning, cement and other metal
production. !2

The gross activity concentrations were observed to
be higher during the summer and the autumn months
than the other seasons. The seasonal variations can be
explained by the relation of the airborne radioactive
levels to the meteorological conditions. It can be said
that the meteorological variables most influencing the
gross D and gross E activities in the atmosphere are
temperature, pressure, humidity and wind direction, as
well as the effect of the less often considered terrestrial
electrostatic field. Also during summer months, due to
increased solar insulation, the surface gets heated up and
moves upward leading to active vertical movements of
air masses.>
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Fig. 4. Normal probability plot for logarithm of gross E activities

Fig. 5. Monthly average gross D and gross E activities (*After~24 h) of air samples in 2003-2004

Table 3. Comparison of our results with urban area data from other literature sources

References

5-7 d later

Gross D, Bq'm >

Gross E, Bq'm >

Earlier results, 2004 3.34107 4.04107*

5.08107 5.65107
C. DUENAS et al., Atmos. Environ., 1999 7.50.10°° 5.68107*
C. DUENAS et al., Appl. Radiation Isotopes, 2001 6.83:107 5.88107*
C. DUENAS et al., Atmos. Environ,. 2004 590107 6.08107
M. GARCIA-TALAVERA et al., Atmos. Environ., 2001 6.90:10°° 483107
INL Environmental Surveillance, Education and Research Program, 2002 7.10-107° 1.15107*
INL Environmental Surveillance, Environmental Monitoring Programs-Air, 2001 6.00107 1.02:107
Argonne National Laboratory, 1994 481107 6.70107*
Lawerance Livermore National Laboratory, Environmental Report, 1996 1.40'107 423107
National Air and Radiation Environmental Laboratory 1999 - 3701074
F. HERNANDEZ et al., Atmos. Environ., 2005 1.41-10-* 1.00-10-3
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Conclusions

Screening for gross D and gross E radioactivities in
air is important from a health perspective, as well as
during any emergency response involving ionizing
radiation.* Main purpose of this work is to constitute a
base line for Ankara air and to realize possible future
changes. Therefore, the gross D and E radioactivities
were measured in airborne particulates immediately and
24 hours later after collection. As it is known gross D
and E radioactivity measurements were done 5-7 days
later, after collection for environmental assessments. For
that reason two airborne particulate samples were
analyzed gross D and E radioactivities immediately, 24
hours and 5-7 days later after collection. These two
results were compared with urban area data from other
literature sources and observed that the results were
usually within the range of the literature as it is seen in
Table 3.
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