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The presented, very simplified model provides a possibility for estimation of surface Pb-210
activity, depending on the changes of Rn-222 concentration during the long-term radon
presence inside the closed room. This can be useful for retrospective assessment of the average
indoor radon concentration for certain historical period, based on the surface contamination
by the radionuclide Pb-210 in a closed or poorly ventilated room over a long period of time.
However, the surface Pb-210 contamination depends on the pattern of radon concentration
changes, and in this model is supposed that the change of indoor radon concentration, which
periodically enters the room, is affected only by the radioactive decay and the inserted amount
of radon in each entry. So, each radon entry can be comprehended as a “net amount” of radon,
or excess which remains inside the room due to radon’s periodical in-out flow. It is shown,
that under the conditions of the model, the achieved average value of radon concentration of
275 Bq/m3, implies that the saturated surface contamination by the Pb-210 of 160 Bq/m? af-

ter approximately 150 years.
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INTRODUCTION

In the manuscript we considered an idealized ex-
ample of a permanently closed room without ventila-
tion, situated on the ground, where radon periodically
enters in a certain amount. The bases for such assump-
tion of radon periodical appearance are the published
results [1], about measured radon variations (hourly,
daily, and monthly) inside of a closed room due to the
changes of temperature and the atmospheric pressure.
However, the daily and seasonal changes of radon and
radon progeny [2-4] may be significantly different for
various locations, and even on the same location the
pattern of changes can vary over time. The latter can
be a reason for the discrepancy between the indoor ra-
don concentration estimates based on the radon flux
from soil and ground water, and measured values [5].
For the retrospective average radon concentration as-
sessment [6], the Po-210 activity measurements can be
performed [7, 8]. The complex experimental methods
of determining the activity of implanted Po-210 and
Pb-210 on the surface, such as a glass surface, are de-
scribed in details in [9]. The indoor behaviour of radon
and radon progeny, as well as their spatial distributions
depend on several parameters [10, 11], including the
presence of aerosols.
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For the simplicity, prompt radon periodical en-
tries into the room (“pulses” of radon) are supposed in
the model. As the result of radon decays and post-ra-
don radio nuclides (Po-218, Pb-214, Bi-214, and
Po-214), the radionuclide Pb-210 (half-life: 22.3
years) is produced (fig. 1).

In this model changes of radon concentration
arise only from the radon radioactive decay and radon
inserted by each periodic entry into the room through
the floor from soil. On the first sight, one could realize
that in the described model only “one direction” of pe-
riodical radon flow (from outside into the room) ex-
ists. However, that is just a suitable way to describe a
situation where a certain “net amount” of radon re-
mains inside the room as a consequence of radon’s pe-
riodical in-out flow.

MODEL

The aim of the model is an estimation of room’s
surface contamination by the radionuclide Pb-210.
The interior dimensions of the room observed in the
model were 4 m x 5 m x 2.5 m (fig. 2) corresponding to
the volume of 50 m? and the total area (walls, floor,
ceiling) of 85 m?. We analyzed the situation whereby
at each radon entry the “injected” Rn-222 activity was
2500 Bq, or 50 Bq/m?, keeping in mind the room vol-
ume.
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Figure 3. Periodical entries of radon into the room
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Figure 1. Decays of Rn-222 and post-radon radionuclides
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Figure 2. Dimensions of room

If at the initial moment (¢ = 0) Nynuclei of
Rn-222 existed per unit volume of air (without prog-
eny nuclei), then the time dependence of the Pb-210
activity per unit volume of air can be expressed as

2 2 Jat
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In this expression, the decay constantsA |, 4,, 15,
A4 As, and Ag correspond to the Rn-222, Po-218,
Pb-214, Bi-214, Po-214, and Pb-210, respectively,
while the constants ¢, (m =1, 2,..., 6) are given as
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It is supposed that the Rn-222 appears every 24
hours (At =24 h), fig. 3. The basis for this assumption
lies in the fact that the similar diurnal variations of in-
door radon concentration were often found by mea-
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Here Ny represents the number of Rn-222 nu-
clei inserted into the room per unit volume by each ra-
don entry, corresponding to an increase in activity con-
centration of 50 Bg/m?® (N, = 2.3826543-107/m?%).
This parameter value can be chosen in the model, as
well as the number of radon entries and the time be-
tween the radon appearances. Precisely speaking, “nth
entry” means nth entry of radon after the initial entry at
the moment ¢ = 0.

The activity per unit volume of air at the middle
of the time interval between nth and (n + 1)th entry of
radon (¢=nAt+ At/2) is taken as a measure of Rn-222
concentration inside room. That can be found by mul-
tiplying the eq. (2) withe /2 .
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By using of MATHEMATICA software, the time
dependence of Rn-222 activity per unit volume is ob-
tained for n =200 radon entries, corresponding to a to-
tal time of 200 days (4800 h) from the moment when
the room was closed (fig. 4).
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Figure 4. Time dependence of radon concentration in the
room; (a) the radon concentration during 200 days;
(b) the radon concentration during first 30 days

It can be seen that the saturation value of radon
concentration of 275 Bg/m? is achieved, which is re-
lated, as mentioned before, to the middle of time inter-
val between two successive radon appearances. This
saturation value (i. e. average value) is practically
achieved during first 30 days, fig. 4(b). According to
the previously defined conditions in the model
(amount of inserted radon by each entry, time interval
between two entries), the radon concentration will, in
fact, vary nearly within the boundaries a (¢ = nAt +
+ At/2) + 25 Bq/m’, fig. 5.

The increase of Pb-210 activity per unit volume
of air is afterwards analyzed in the model. The number
of Rn-222 entries was n = 5-10°, corresponding to the
total time of 5-10° days (1370 years). In this phase of
the model it is supposed that the resulting activity of
Pb-210 existed only in the air. According to eq. (1), the
Pb-210 concentration (expressed in [Bqm™]) at the
moment of n-th radon entry (¢=nAf) can be found as

ap, (t =nAt) =
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where the inserted number of radon nuclei by each ra-
don entry, N}y, per unit volume of air corresponds to
the increase of radon concentration of 50 Bg/m’.
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Figure 5. Variation of radon concentration

The concentration of the Pb-210 and its total ac-
tivity 4 ER (t)=apy (t)V, depending on the time, are
given in tab. 1, in the third and the forth column, re-
spectively. In the next step of model it is supposed that
the total activity of Pb-210, existing in the air at the
certain moment, will be uniformly deposited on the in-
terior surface of the room (the influence of aerosols on
spatial distribution of radon progeny is neglected in
the model). Consequently, the surface Pb-210 contam-
inationis a §b(t) =4 foli/S , where S is the total area of
room interior (tab. 1, last column).

The time dependence of surface Pb-210 contamina-
tion is presented in fig. 6. The graph represents the func-
tion als)b(t) =a+f(1 —e™") obtained by fitting of re-
sults from tab. 1, @ = —0.068023638,3 =162.09468, and
y=10.031123624.

The saturation of Pb-210 surface activity is
achieved after approximately 150 years.

In a similar way we obtained the set of curves
which represent the time dependence of Pb-210 sur-
face contamination for different average Rn-222 con-
centrations, fig. 7.

The presented curves correspond to the follow-
ing average radon concentrations: 50, 100, 200, 300,
400, 600, 800, and 1000 Bq/m®.

These curves can be used for the retrospective
assessments of average Rn-222 concentrations. For
example, if the measured Pb-210 contamination of ap-
propriate surface (such as glass) in a closed, or poorly
ventilated room was found to be 40 Bq/m?, and know-
ing the approximate time interval during which the
room was closed (for example, about 6 years), it is pos-
sible to estimate the average Rn-222 concentration of
about 400 Bg/m? for this long time interval using data
from fig. 7. Also, for other possible combinations of
measured surface Pb-210 contaminations and the in-
vestigated time intervals, the average radon concen-
trations can be found from fig. 7.
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Table 1. The surface Pb-210 contamination

Number of Time (t) elapsed iﬁ‘){ ci::;e:)if The .total The activity pf The surface contamination, agb o),
ra}dor} from the moment Pb-210 per unit activity o.f Pb-210 per unit of dus to uniform deposition of
entries into of first radon . Pb-210 inside radon activity P ¢
room entry [years] V01[1}13n;;c33t"]a1r of room [Bq] inside of room Pb-210 from the air [Bqm™’]
5 0.0137 0.0463 2.32 0.00028 0.027
10 0.0274 0.135 6.75 0.00057 0.079
50 0.137 1.053 52.6 0.00383 0.62
100 0.27 222 111 0.0081 1.31
200 0.55 4.54 227 0.0165 2.67
300 0.82 6.84 342 0.0249 4.02
400 1.10 9.12 456 0.0332 5.36
500 1.37 11.38 569 0.0414 6.69
600 1.64 13.62 681 0.0495 8.01
700 1.92 15.84 792 0.0576 9.32
800 2.19 18.05 902 0.0656 10.61
900 2.46 20.23 1011 0.0735 11.89
1000 2.74 22.40 1120 0.0815 13.18
5000 13.70 95.53 4776 0.347 56.2
10000 27.40 158.0 7900 0.575 92.9
50000 137.0 271.9 13595 0.989 160.0
500000 1370.9 275 13750 1.000 161.8
200 1000 =
E’ 175 u E 100
o 150 i & 40
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t[years] Figure 7. The expected surface Pb-210 contamination over

Figure 6. Increase of surface Pb-210 contamination for

Rn-222 average concentration of 275 Bq/m’

CONCLUSIONS

Although very simplified, the presented model

enables estimation of Pb-210 indoor surface contami-
nation under specific conditions, such as permanently
closed room, where only periodical radon variations
occur. The model provides flexibility in changing of
parameters such as the period between two successive
radon appearances and the amount of radon excess per
each radon entry.

This model can be useful for a retrospective as-
sessment on average indoor radon concentration in-
side the closed objects which were virtually without
ventilation for a very long time, on the basis of

time for different average Rn-222 concentrations.

The presented curves correspond to the following average
radon concentrations: 50, 100, 200, 300, 400, 600, 800, and
1000 Bg/m*

Pb-210 surface contamination data. However, the
limitations caused by the simplifications assumed in
the model, and by the supposed pattern of radon
changes should be had in mind. For a more precise
model, the influence of a selected radon variations
pattern on Pb-210 surface contamination should be
further tested.
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JEAJHOCTABAH MO/JEJ/I 3A IMPOLUEHY INOBPIINMHCKE
KOHTAMMNHAIIMJE 3ATBOPEHOTI ITPOCTOPA PAINOHYK/INIOM
Pb-210 YCIIEJQ INPUCYCTBA PAJTOHA

IIpuka3saH je BpJo NOjelHOCTAaBIbEH MOJIE] KOjU OMOryhaBa NpoleHy IOBPIIMHCKE aKTUBHOCTH
papuonykiauaa Pb-210 y 3aBucHOCTH 0ff TpoMeHa KoHIeHTpanuje Rn-222, TokoM yropovHOT IpuCycTBa
pajfoHa yHyTap 3aTBOpeHe mpocropuje. OBo Moke fja Oy/ie KOPUCHO 3a PETPOCIEKTUBHY HPOICHY CPENhe
KOHIEHTpaluje pajjoHa 3a oApeheHn BpeMeHCK UHTEPBaJl, YKOJIUKO C€ YTBPAU BPEIHOCT MOBPIINHCKE
KOHTaMUHaluje pajuonykiugoM Pb-210, 3a npocropujy Koja je 6una 3aTBOpeHa Uiy cinabo BEeHTUIMpaHa
TOKOM JIyTOT IEpHOfia BpeMeHa.

ITopmmnucka Pb-210 koHTamMIHANIM]a 3aBUCH Off HAUMHA HA KOjH je KOHIIEHTpaI#ja pajjoHa TOKOM
BpEMEHa Bapupaja. Y OBOM pajy je IPETIOCTAaB/bEHO Aa Ha INPOMEHY KOHLEHTpaldje pajoHa, Koju
HNEePUOANYHO yJIa3u y JaTy NPOCTOPHjY, yTUUIE caMO PaluOAKTUBHYU Paclaf U yHECeHa KOJMUUHA PaJoHa ITPU
cBakoM yiacky. CBaKM yja3ak pajjoHa OBJIe c€ MOXKe CXBATUTHU Kao “HETO M3HOC” PajjoHa WM BUIIIAK, KOjU
IpeocTaje yHyTap IMpOCTOpHje ycieq NepuoANTHOT TOKa pajgoHa yHyTap-Hamoske. ITokaszaHo je ma, mop
YCIIOBUMA OBOT MOJIENA, TOCTUTHYTA CPENE-a BPEJHOCT KOHIEHTpaluje pagona o 275 Bg/m?, ummunmupa
caTypalyoHy TOBPIIMHCKY KOHTAMHHALM]y pagnonykauaoM Pb-210 op 160 Bg/m? nakon npubamxkuo 150
TOJIHA.

Kmwyune peuu: l08puIUHCKA KOHIAMUHALU]A, KOHYEHIUpayuja padora y 3attl80PeHoM UpOoCiiopy,
Rn-222, Pb-210



