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As part of a set of documents about detecting and confirming the
presence of radon and its decay daughters, we here briefly consider
the radiation dose. This is important because radon is a ubiquitous
gas outdoors and indoors, (i) is the largest radiation dose most peo-
ple receive per year, and (ii) provides a benchmark against which to
compare other natural and man-made radiation doses.

Radon

The EPA nominal value for outdoor radon radioactivity is 0.4 pCi/L;
in Europe it is taken as 10 Bq/ m? (0.27 pCi/L). Radon is probably the
best-studied of all radiation sources since it is universal and indoor
radon is almost always the largest single radiation exposure to hu-
mans; the International Committee on Radiological Protection (ICRP)
has multiple publications discussing radon doses.

In the context of radon protection, limits in pCi/L (or Bq/m?) are
generally used. If required, radiation doses may be computed using
International Committee on Radiological Protection ‘dose coefficients’
which relate radioactivity to “effective radiation dose” in Sieverts
(Sv). The dose coefficient for an inhaled radionuclide is the effective
dose per decay if the exposure time is in seconds

As a gas, radon (*??Rn) requires more careful treatment than
many solid radionuclides. Only 2-5% of the radiation dose comes
from radon itself [1], the rest from decay progeny (‘daughters’):
“Progeny...regardless of...location, ...are never totally in radioactive
equilibrium with radon.” Since the half-life of ?>’Rn is much longer
than for the others, all four can be in approximate radioactive ‘equi-
librium” provided they are not separated from one another via venti-
lation or the “plating out’ of charged daughters on tiny dust particles,
which often end up on surfaces.

This is universally described by an “equilibrium factor” f,; (the
weighted sum of the main progeny concentrations divided by the
radon concentration [1]), usually taken to be 0.4 indoors (range: o.1-
0.8) [2]. Multiplied by this factor, the radon concentration is referred
to as the ‘equilibrium equivalent concentration” (EEC) which could
then be used in the dose calculation. Outdoor radon is described by
a somewhat larger equilibrium factor (0.6) [2], which we will use
below.

There are a couple of approaches that would give reasonable
radon dose estimates given the (i) radon concentration and (ii) as-
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Figure 1: Typical radon levels
on ground floor of a house
mitigated for radon.

The ‘effective dose” includes the full
biochemistry and biokinetics of the
nuclide as it is dispersed around the
body and is the best single measure of
total health consequences, including
canger.
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Figure 2: Radon and three main
progeny are part of the 233U de-
cay chain. In ‘equilibrium’ the
radioactivity of each is identical
(equal “layer’ thicknesses.)

nuclide | half life | emits dose coef
222Rn 3.82d w 4.27x10710
218po 3.10m o 2.00x1077
2T4pp 26.80 m o 1.20x1078
214Bj 19.90 m B 9.70x10~°

Table 1: Half-lives and dose
coefficients (Sv/Bq) for radon
and three principal progeny.
The very small dose coefficient
of radon means that it barely
contributes to dose.


https://rockyflatsneighbors.org/radiation-in-your-basement/

sumed concentrations of the three main radon daughters, the breath-
ing rate, and the duration of exposure. Given an assumed breathing
rate BR in liters per minute (L/min) we can write for the total dose D
per year in uSv as

4
D ~ 37,000 BR x [60 x 24 x 365] }  A;C;
i=1
4
= BRQy ) A (1)

i=1

where Qp = 1.945 x 100 and A; is the activity (in pCi/L) for each of
the nuclides in the table above, C; is its dose coefficient in Sv/Bq, and
we recognize the product in brackets as the number of minutes per
year. If the progeny were in equilibrium with each other then A; =
A (all have the same activity as the parent). Much more commonly
the progeny are split off using the equilibrium factor f;, as shown:

A i=1 arent
U (parent) )
feyA1 i=2,3,4 (progeny)
Then the dose becomes
D ~BR Qp A1 (C1+ feq [Co+C3+ Cy)) . (3)

Clear visual confirmation of a reduced equilibrium factor (due to
removal of progeny onto surfaces) is shown in Fig. 3.

Occasionally C; is ignored since it is small (only a few percent
of the dose comes from radon itself). Doing this, we find a compact
form for the radon dose including its progeny using only the concen-
tration in pCi/L for 2?*Rn:

Dyprog ~ BR Qo Alfeq (C2+C3+Cy) (4)

where we have added the subscript prog to show that progeny are
explicitly included.

It is also common to give a ‘one-shot’ dose expression for radon.
The ICRP gives a current dose coefficient (see also [4]) Dy = 6.9
nSv/(Bg-h/m?) using an ‘equilibrium factor” of 0.4. Unlike the previ-
ous route, which entailed identifying the volume of inhaled radioac-
tivity, the ICRP coefficient already makes assumptions about average
breathing rates and is based simply on the radioactivity concentra-
tion (in Bq/m?). The inhaled radon radiation dose is written

Dy _gpot = Do X S [Bq/m3 T (h)] (5)

where Dy is given above, tacitly using f,; = 0.4. Here S is the total
exposure over T hours to a known radioactivity concentration in
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Figure 3: Gamma emissions

from decay of ‘plated out’
radon progeny, courtesy of Jim
Mason of H3D. (A precisely
similar effect occurs on blades
in small fans in mines, reported
by Holub et al. [3].) This is a
model H420 10.5 hour gamma
ray image of a basement dehu-
midifier running continuously
(with filter cleaning) for 7 years.
(Had it been a humidifier, the
charged species would have
been neutralized quickly.)
Measurements of 26-42 pCi/L
dropped to 1.2 pCi/L after
mitigation.


http://icrpaedia.org/Calculating_Radon_Doses

Bq/m3. To neatly compare with the full dose expression in Eq. 4 we
write S for one year as

S = A x 0.037 Bq/pCi x 1000 L/m3 x hrs/year (6)

with A; in pCi/L.
We assume a breathing rate of 10.7 L/min and

* an outdoor radon level of 0.4 pCi/L and fe; = 0.6 outdoors

¢ an indoor (radon-mitigated) radon level of 1.5 pCi/L and f,; = 0.4
indoors

and find doses in mSv = 1000 §Sv as shown in Table 2.

source dose source dose (1y)
radon (indoor) DOE prog 2.96
radon (indoor) ICRP 1-shot 3.35
radon (outdoor) DOE prog 1.18
radon (outdoor) ICRP 1-shot 1.34
background direct measurement 1.23

The point of these is that, while the ICRP is the source of almost
all dose coefficients for all radionuclides, slight modifications to
assumptions about breathing rates, for example, can give rise to
somewhat different doses.

By chance, around Rocky Flats (Arvada, CO) annual doses from
background radiation and from outdoor radon are comparable. The
doses are for 100% outdoor occupation. In fact, significant time spent
indoors will lower background exposure (from shielding by building
materials) and raise radon exposure (which can be 10-20 times higher
in unmitigated buildings). Thus it is fair to say that the yearly radi-
ation dose due to radon is distinctly higher than from background,
since the Front Range of Colorado has among the highest levels of
background radiation in the U.S. (high altitude, thus more cosmic
rays, and plenty of natural soil radioactivity).

Generally speaking background radiation doses worldwide (an-
nual doses of about 2,400 uSv = 2.4 mSv) per year (apart from a
handful of ‘high natural background areas” where annual doses are
260 mSv) are believed to have no health impacts, and outdoor levels
of radon about 0.4 pCi/L are regarded as safe. By contrast, the EPA
recommends radon mitigation for steady radon levels above 4 pCi/L.
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tions from Arthur S. Rood, who urged me to compute radon doses
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of (and story behind) radon daughters "plating out” on a basement

radiation doses from radon 3

We can explicitly compare doses in uSv
per year, noting that both expressions
have a number of factors in common,
which we cancel. We find

BR x 60 X feq % 0.0237 = 6.9

must hold for the two expressions

to agree. Assuming f,;=0.4 (as men-
tioned for D;_gp,) requires BR = 12.1
L/minute, quite close to the assumed
breathing rate of 10.7 L/min made
earlier. Thus we conclude that the ICRP
1-shot dose expression agrees very

well with the somewhat more involved
DOE-used data [5].

Dprog = 460.9 BR ARy, X feq (7)

Dy_ghot = 2236 ARHX%- ®)

Table 2: 1-year radiation ef-
fective doses in mSv from in-
halation of indoor and outdoor
radon and from background
radiation (gamma rays from soil
radionuclides + cosmic rays).
Indoor radon value assumed

as 1.5 pCi/L, outdoor as 0.4
pCi/L. Background is assumed
measured outdoors.


https://h3dgamma.com/
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dehumidifier, graphically illustrating the significance of the “equilib-

rium factor” in the text.
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