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Abstract. A high level of radon daughters concentration has a tremendous impact on the
effective dose received by the workers. This paper presents the annual effective doses received
by different Reference Workers performing different type of activity in uranium mines. The
effect of mitigation is presented as a comparison of the annual dose levels for equilibrium and
for non-equilibrium conditions between radon and its short-lived decay daughters.
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Rezumat. Concentratia ridicata a descendentilor de viata scurtd ai radonului in minele
uranifere are o influentd importantd asupra dozei efective anuale primite de muncitori.
Prezenta lucrare are drept scop calcularea dozelor efective anuale primite de Muncitorul de
Referintd in functie de tipul respiratiei in cursul efectudrii diferitor activitati intr-o mina de
uraniu. Sunt comparate dozele efective anuale in conditii de ne-echilibru si de echilibru
secular intre radon si descendentii acestuia.

Cuvinte cheie: descendenti ai radonului, ,,muncitor de referinta”, doza efectiva anuala

INTRODUCTION in a mine atmosphere stems from
The atmosphere of a mine can be emanation from the ore bodies, the
characterized mainly by the following mine walls and mine waters. Radon
physical parameters: temperature, gas, soluble in water, can be
relative humidity and particle size transported by underground water over
distribution of aerosols, volume long distances and released when the
concentration of radon, age of pressure over the water is reduced. At
ventilation air and volume concentration a temperature of 20° C, when an
of the radon decay products. In the air equilibrium state is reached, radon will
of the uranium mine, the concentration be present in water at 0.23 times the
of *Rn and its daughter products concentration it has in the air in
depends on the richness of the ore and contact with.

its composition, its physical and

geological structure and the techniques METHOD

of mining and ventilation. Human The radioactive contamination in mine
practices, type of extraction, transport arises from the **Rn gas, its
or maintenance is also influencing the unattached daughter products, or
activity concentration. The radioactivity daughter products attached to dust
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particles. The radioelements potentially
hazardous to the miners are “*’Rn,
218po, 21“ph, 2*Bi and *'*Po. The most
important contribution to the organ
dose and thus to the effective dose
belongs not to the parental radon, but
to its decay daughters (RnD). The
particle size of an aerosol, usually
found in a mine (which attachment is
significant as an inhalation hazard), is
0.14 um (AMAD).

Aerosol measurements in mines,
indoors and inside human respiratory
tract have shown a range between 0.05
and 0.5 um, but rarely bigger
hygroscopic aerosols can be also
found. From the radiation protection
point of view, great importance is
related to the fraction of free ions and
those attached to particles, because the
free ions, being smaller in size, are
mainly deposited on the bronchial
epithelium. The fraction of unattached
(free) ions, though with important
contribution to the dose, was
determined by several methods and
considered small (about 15%), as
compared to the fraction of the
attached ones. Relative humidity also
modifies the conditions of attachment
of free fraction to aerosols by
changing the total number of
condensation nuclei; a high level of
humidity (often close to 100% in
underground mines) reduces the
proportion of the free fraction (1). For
calculation purposes, the paper is
considering all radon daughters
attached to aerosols. For a better
evaluation, the data were computed for
aerosols ranging from 0.01 to 10 um.
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The amount of **Rn present in the
mine atmosphere depends on the rate
of emanation into the mine, the rate of
removal by ventilation, and the build-
up of radioactive decay daughter
products. The immediate daughters of
radon gas have short half-lives and
thus will rapidly build up in an
atmosphere containing radon, though
freshly emanated radon is free of
them. Equilibrium is reached in about
three hours. Ventilation greatly affects
the equilibrium condition, and
therefore it is rare, even in poorly
ventilated mines, to find equilibrium
conditions. As an example, if we take
0.1 air change / minute (assuming
perfect mixing), the **Rn : *'*Po :
*14pp : ?M*Bi : ?*Po ratios are estimated
tobe about 1:0.71 :0.14 : 0.04 : 0.04,
respectively (2), which relates to an
equilibrium factor of 0.16. The paper
presents a comparison between the
annual effective doses in both cases,
when secular equilibrium is reached,
and when that above-mentioned
equilibrium ratio between radon and
its daughters is established.

For annual dose calculations, the
ModeLung software was used (3).
ModeLung is the software based on
Human Respiratory Tract Model (4)
and on the data available in the
International Commission on
Radiological Protection, Publication
no. 66 (5). It «calculates organ
equivalent doses and, when applying
the appropriate organ weighting
factors, the daily, monthly or annual
effective doses.

The four subjects analyzed in this
work are the Reference Workers, as it
follows:
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1) normal nose breather performing
usual work;
2) normal nose breather performing
heavy work;
3) habitual mouth breather
performing usual work;
4) habitual mouth breather
performing heavy work.
All data were computed taking into
account the risk organ’s weight and
subjects’ respiration rate (1.2 m’/h for
usual work and 1.7 m’/h for heavy
work).
The tissue weighting factors (wr) are
important for calculation of effective
dose from the organ dose equivalents.
They are a measure of organ radio
sensitivity related to all body. The
weighting factor for naso-pharynx (N-
P) region is not specified in the
recommendations of the International
Commission on Radiological
Protection (ICRP), because of the low
number of extra-thoracic cancers
observed, so it should be included in
the list of remainder tissues (a total
value of 0.05). But it is as well stated
that if one of the remainder tissues
receives an equivalent dose in excess
of the highest dose in any of the 12
organs or tissues for which wr was
specified, that organ should receive a
weighting factor of half the remainder,
i.e. 0.025. The other half is used for
the rest of remainder tissues. The
deposition of radioactive material
being most important in the N-P
region, as entrance way to the
respiratory tract, the organ dose
equivalent will be the highest for the
extra-thoracic tissue (6). This enables
us to use the value of 0.025 for the N-
P tissue-weighting factor and 0.025 to
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blood, as material provider for the rest
of remainder organs. The lung-
weighting factor is 0.12, and
according to the “regional lung dose
concept” it should be separated (7).
An apportionment of 0.08 has to be
assigned to the tracheo-bronchial (T-
B) region and 0.04 for the pulmonary
(P) region. The lung lymph nodes will
have a corresponding weighting factor
of 0.00012. For the gastro-intestinal
tract (G-I) we propose the weighting
factor of the stomach, i.e. 0.12.

The material intake by inhalation is
calculated with the following formula:

[I=CxRxt
Where:
I - the intake of activity (kBq);
C - radon concentration (kBq/m3);
R - respiration rate (m’/h);
t - duration of working in environment

(h);

1kBg/m® radon was taken into
calculation for activity concentration
in mine. The annual effective dose
was computed from the hourly
effective dose (t = 1h), by multiplying
it with 2,000 h (40 working hours per
week; 50 weeks per year), in order to
compare it with the annual limit of
effective dose (20 mSv).

RESULTS AND DISCUSSION

From figure 1 it can be noticed first
that for equilibrium condition between
radon and its daughters, the annual
effective dose due to RnD is almost
double, but in all cases, the minimal
exposure is for 0.2 pm aerosols. In
equilibrium condition (which is a
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theoretical ~ situation), the mouth
breather receives the highest annual
effective dose when a heavy work is

performed in  large  aerosols
environment (larger than 1.2 pm).
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Fig. 1. Annual Effective Doses for the Reference Worker performing labor activity

In the range of 0.05 + 1.2 um aerosols,
all nose breathers receive a higher
effective dose than the mouth
breathers performing same work.

All  Reference Workers from an
environment with 1kBg/m® concentration
of radon and where the equilibrium is
reached receive a dose above the
Annual Limit of 20 mSv.

In the case of non-equilibrium (as
defined above), the Reference Workers
receive an annual effective dose below
the limit for aerosols in the range of:

- 0.06 + 0.7 um, for the nose
breather performing heavy work;

- 0.06 = 0.9 pum, for the mouth
breather performing heavy work;

- 0.04 + 1.6 um, for the nose
breather performing usual work;

- 0.04 + 1.4 pm, for the mouth
breather performing usual work.

In figure 2 is presented the annual
effective doses as a function of the
equilibrium factor F (obtained for the
nose breather Reference Worker
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performing usual work, in 1kBq/m’
radon concentration). Obviously, the
dose is increasing continuously as the

environment condition is approaching
to the secular equilibrium.
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Fig.2. Annual Effective Dose as function of Equilibrium Factor
CONCLUSION REFERENCES

An intense ventilation of 1 air change /
minute in uranium mines can decrease
the annual dose level with about 50%.
In such settled non-equilibrium
condition, the work performed in radon
concentration of 1 kBq/m® and aerosol
range 0.06 + 0.7 um is not assuming
effective doses above the annual limit
of effective dose (20 mSv).
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