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Thoron (220Rn) decay products problem




Traditionally the general attention in radon exposure
studies is paid to 222Rn and its decay products
exposure. To other radon isotope 220Rn considerably
less attention is paid and usually it’s supposed that
the thoron decay products contribution to population
and workers exposure is practically negligible.
Nevertheless in some specific situations the
inhalation of thoron daughters (especially the most
long lived nuclide 212Pb) can be the dominant source
of internal exposure in workplaces.
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Monazite storage facility in the South
East part of Sverdlovsk oblast (Russia)




Since 1960 more than 82 000 ton of monazite concentrate are stored
in 19 wooden warehouses (former granaries) and 4 hangars
The warehouses were built in 1940 and most of them were in the
need of serious repair

The conditions of the facility in the beginning of XXI century
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Some repair works were conducted in 2005 – 2013. The
new hangars were build above the old storages and the
probability of accidental monazite contamination of
environment was minimized.
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Concentrations of the radon, thoron
and their decay products in the air










The average 222Rn concentrations inside the
warehouses are 220 Bq/m3 both in summer and winter
seasons.
The average 222Rn concentrations near the outside walls
are 80 Bq/m3 in winter and 160 Bq/m3 in summer. On the
territory of facility the average radon concentration is 19
Bq/m3.
The average thoron equivalent equilibrium concentration
(EEC) inside the warehouses is 350 Bq/m3 (range 60700 Bq·m-3)
On the territory of monazite storage facility the thoron
EEC values are 15 – 50 Bq/m3 near the outside wall; 6 –
18 Bq/m3 at 10 m out of warehouse and ~2 Bq/m3 at 20
m out of warehouse.
The thoron EEC values both inside the warehouses and
on the territory of storage facility are strongly depend on
weather conditions, temperature, speed and direction of
wind.

Zhukovsky, M., Ekidin, A., Yarmoshenko, I., Rogozina, M. Ecological and
radiological consequences of a half century of operation of a monazite storage
facility. Proc. of the Inter. Symp. NORM VI, IAEA. 91-101 (2010).
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MATHERIALS AND METHODS






It was supposed that the combine use of diffusion
battery and cascade impactor will give the information
about total activity size distribution of aerosol particles,
because these devices are working in different aerosol
particles size ranges.
The diffusion battery with 20 sequentially arranged
capture elements was constructed.
Penetration was calculated according to the theory of
filtration* for air flow 30 l/min.
We used two types of capture elements.






The first type of elements (d50% from 0.2 to 1.95 nm) is a
wire screen of a metal alloy (Ni - 43 %, Fe - 3 %, Cu - 54 %)
having a density of 8.9 g/cm3, a wire thickness 39 µm and
opening of 2 mm.
The second type of elements (d50% from 1.5 to 16.5 nm) is
a wire screen made of brass with a density of 8.5 g/cm3, a
wire thickness of 65 µm and opening of 100 µm**.

The cascade impactor consists of seven cascades from
stainless steel with holes of different size. Special
capture elements made from Petryanov filter material
were placed in every cascade. The penetration of
cascades was obtained by calibration using
monodisperse aerosols. For air flow 30 l/min 50% cutoff
diameters of cascades are from 0.3 to 10 µm.

Diffusion battery and
cascade impactor

* Cheng, Y. S., Keating, J. A., Kanapilly, G. M. Theory and calibration of a screen-type
diffusion battery. J. Aerosol Sci. 11. 549-556 (1980).
** Zhukovsky, M, I., Rogozina, M., Suponkina A. Size distribution of radon decay
products in the range 0.1 – 10 nm. Radiation Protection Dosimetry
doi:10.1093/rpd/ncu084. (2014).
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MATHERIALS AND METHODS (2)




The measurements conducted by both diffusion battery and
cascade impactor are indirect measurements. The problem of
reconstruction of initial aerosol particles size distribution can be
formulated using the Fredholm integral of the first kind used in a
matrix form due to discrete nature of experimental data:
Fi(x)=Σjfj(D)·Ei,j(x,D),
 where i – the number of the cascade;
 j – the number of the recovery size interval;
 x – parameter, related to physical parameters and placement of
the capture element;
 D – parameter, related to the particle size;
 Fi(x) – experimental data function;
 fj(D) – required size distribution;
 Ei,j(x,D) – device response matrix characterized particles relative
retention on every trapping element.
7

RESULTS AND DISCUSSION








After the aerosol sampling each capture element was measured by
alpha-scintillation radiometer. All alpha activity measurements were
conducted after 5 hour holding time. During this time all deposited 222Rn
progeny decays and alpha count rate is proportional only to 212Pb
activity in equilibrium with 212Bi (212Po). The instrumental error for each
measurement was less than 10%.
Final experimental data is a set of 212Pb activity values (calculated on
the end of sampling) on the elements of the device Fi(x). For the correct
solution the number of recovery size intervals should be equal to the
number of data values.
The recovery range of aerosol particles activity size distribution was
chosen in following manner. The first recovery interval starts from the
point closest to zero and providing good, but not excessive resolution
for smallest sizes. The last recovery interval is ended on the size, where
the penetration reaches 99% (i.e. deposition probability ≤1%).
For example the recovery range for the first type of diffusion battery
elements was from 0.01 to 70 nm and for the second type of elements –
from 0.1 to 100 nm.
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RESULTS AND DISCUSSION (2)







Aerosol particles activity size distributions obtained by the use of diffusion battery with
capture elements with 2 mm opening (left) and with 100 µm opening (right) are
presented
Three modes with AMTDs 0.3; 1 and 5 nm were detected. For the battery with 100 µm
opening modes with AMTDs 0.3 and 1 nm are merged into single peak, but 5 nm
mode also detected by expectation maximization method.
There is a noticeable tail in the right part of distribution, indicating the presence of
larger particles mode, partially captured on the battery.
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RESULTS AND DISCUSSION (3)








When processing the results of
experiments with the impactor two
modes of aerosols with AMAD 0.5 and 7
µm were founded.
For the latest mode with such a large
size it was difficult to explain its
presence in terms of the physical
processes in studied atmosphere.
It was supposed that the 7 µm mode in
aerosol particles distribution caused not
by particles of such size but by the
deposition of ultra fine fraction of
aerosols in the first cascades of
impactor.
It was confirmed by experiments with
diffusion battery with 3 capture elements
which was mounted before the impactor
and cut off fine aerosol particles.
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RESULTS AND DISCUSSION (4)




Therefore, the total aerosol particles
activity size distribution consists of
four modes with AMTDs 0.3, 1 and 5
nm and AMAD 500 nm.
Relative distribution of activity on
modes is: 0.04; 0.86; 19.1 and 80%
respectively.






It is obvious that 0.3 nm mode is a
single (really “free”) atoms of 220Rn
progeny;
mode 1 nm is formed by progeny
atoms coagulated with nonradioactive atoms, present in the
atmosphere;
modes with AMTD 5 nm and AMAD
500 nm are caused by coagulation of
smaller radioactive clusters with
existing aerosol particles, formed by
nucleation, or by acting these small
radioactive particles as a
condensation nucleus.



In general these results are
consistent with data, presented in
work: Porstendorfer J. Physical
parameters and dose factors of the
radon and thoron decay products.
Radiation Protection Dosimetry 94
(4). 365-373 (2001).
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212Pb


dynamics in respiratory tract

The dose conversion factor for
inhalation of thoron progeny was
calculated for observed aerosol size
distribution and lung absorption types
of 212Pb aerosols, obtained in previous
studies*.








The aerosol sampling was conducted
during 3 hours in monazite warehouse.
To estimate the type of 212Pb aerosols
their dissolution from aerosol filter in
imitation of body fluids was studied. The
filter was placed in Ringer solution at 37°
C for some time.
Then the filter was rinsed by clean
Ringer solution at the same temperature
and its activity was determined by
gamma spectrometer.
After activity measurements the filter
again was placed in solution and the
cycles of dissolution and activity
measurements were continued.

Average

Min.

Max.

SD

λf , h-1

145

79

278

60

λs , h-1

2.0

1.1

3.9

1.0

k

0.30

0.21

0.45

0.08

* Zhukovsky M., Ekidin A., Baranova A., Yarmoshenko I. Lung types of thoron
daughters in a monazite storage facility. Proc. of the Int. Symp. NORM V, IAEA.
233-243 (2008).
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The ICRP model of nuclide transfer
from respiratory tract to body fluids






The nuclide dynamics and the absorbed and
equivalent doses in organs and tissues were
calculated using standard DCAL 8.4 software.
The experimentally obtained aerosol particles
distribution and obtained early data on 212Pb
dissolution rate were substituted in DCAL 8.4
software.
For the calculations of 212Pb dynamic in
respiratory tract the next values were assumed.
•
•
•

fr=k= 0.3;
sr = λf = 145 day-1;
ss = λs = 2 day-1
Values recommended by ICRP
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DOSE CONVERSION FACTORS




It was obtained that for real aerosols in monazite storage facility the
estimated value of the dose conversion factor between thoron
progeny exposure to effective dose is approximately 185 nSv per
Bq⋅h·m–3. This value is at least 5–6 times greater than the DCF values
recommended by UNSCEAR. The main reasons of such difference
are the high deposition of ultra fine aerosols in respiratory tract and
relatively slow dissolution rate (2 d-1) for 70 % of deposited 212Pb
activity.
It should be noted, that due to high levels of gamma radiation (90±20
µSv/h) the working time inside monazite storage facility is strictly
limited. Nevertheless, assuming average EECRn-220 =250 Bq·m-3 and
working time inside storage facility ~100 h per year the expected
annual occupational effective dose due to thoron progeny inhalation is
close to 5 mSv.
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CONCLUSIONS










Experiments in the atmosphere of monazite storages with high values of radon-220 concentration
(EECRn-220 in the range 60-700 Bq·m-3) were conducted. The joint use of diffusion battery with
varied capture elements and the cascade impactor for getting the total aerosol particles activity
size distribution was conducted.
The fine aerosol modes of thoron progeny with AMTD ~0.3, 1 and 5 nm were found. Also the mode
with AMAD 500 nm was detected by the use of cascade impactor. These modes can be identified
as: AMTD 0.3 nm – elementary atoms; AMTD 1 nm – clusters of thoron decay products atoms and
non-radioactive atoms in the atmosphere; AMTD 5 and AMAD 500 nm – particles formed by
nucleation of condensation nuclei containing atoms of thoron progeny or coagulation of previous
mode clusters with existing aerosol particles. It was demonstrated that the total part of 212Pb
aerosol activity in the range below 10 nm is ~20-25%.
It was shown that the diffusion deposition of ultrafine aerosol particles on the first cascades of
impactor result in the erroneous observing of coarse aerosol mode with AMAD ~7 µm. The
improved technique with the joint use of wire screens and cascade impactor was suggested for
aerosol particles activity size distribution measurements in the situations when ultra fine aerosol
modes are influencing on the results of medium size aerosol particles measurements.
For real size distribution and lung absorption type of aerosol particles in monazite storage facility
the estimated value of the dose conversion factor between thoron progeny exposure to effective
dose is approximately 185 nSv per Bq⋅h·m–3.
The high value of DCF between thoron EEC exposure and effective dose demonstrate the need of
serious attention to the radiological protection of the worker in this very specific working place and
the use of individual protection of respiratory tract.
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Thank you for attention !
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