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1. Introduction

Radon is a naturally occurring radioactive nuclide 
classified as a carcinogen by the World Health 
Organization, and is known to be the factor with the 
second-greatest impact on lung cancer after smoking. A 
relationship between radon and lung cancer has 
consistently been reported in epidemiological studies on 
mine workers and residents of homes with indoor radon 
exposure. However, associations between radon and 
other diseases, such as leukemia and thyroid cancer, have 
yet to be confirmed due to a lack of consistent research 
findings and biological relevance. Such associations are 
unlikely because there is a very low likelihood that 
organs other than the lungs are exposed to radon upon 
inhalation due to the short half-life of radon and its 
progeny and the low permeability of alpha rays.  

In spring 2018, the radon bed mattress incident occurred, 
leading to a point of concern and interest among the 
public regarding the health effects of radiation exposure. 
Hence a study of skin dose assessments about Radon 
Exposure has investigated so as that this paper presents a 
description of radon exposure and its health effects based 
on the current literature and provides relevant safety 
requirements and guidelines to Radon Exposure. In 
addition, a method of skin doses model is described and 
a case calculation of skin dose for beta emitters is 
conducted and its representative results of the model 
calculations are presented. 

2. Safety Requirements and Guidelines to Radon
Exposure 

Basically, radon has three types such as 222Rn, 220Rn 
and 219Rn They are known as NORMs that 220Rn is 
decayed from 232Th, and 219Rn is decayed from U-235. 
However, the concentration of U-235 in soil is low. 
Therefore, 219Rn is insignificant in term of the 
radiological harm but 232Th, and 219Rn are very 
concerned due to their high abundances. Meanwhile, 
222Rn and 220Rn are existing in the environment due to 
much more than 219Rn in term of percent concentration. 
But all types of radon cause the same health effect if 
exposure to them. Accordingly, there should be the 
adequate requirements in place to control the exposure. 
Furthermore, the pathway of exposure is also important; 
therefore, the diverse controlling measures of exposure 
should be considered.   

2.1 Recommendations of ICRP 

The International Commission of Radiological 
Protection (ICRP) Publication ICRP 103, it mentions to 
recommendations of the safety requirements in order to 
manage the indoor radon exposure for public. 
Furthermore, In ICRP 65, it mentions to the 
recommendations on the performance levels for the 
present components such as residences, new residences 
as well as aboveground and underground workplaces. 
Moreover, its recommendations also can be used to 
detect the places where radon is intensive as well as 
performing the relevant measures and actions. 
Subsequently, in 2009 ICPR released the announcement 
on radon for residences as 600 Bq/m3.  ICRP Publication 
115, it has defined the relevant standard values for indoor 
radon exposure such as working level (WL), working 
level month (WLM), and equilibrium factor (F) as 
followings: 

(1) Potential alpha energy concentration for radon 
progeny 

- 1 Bq/m3 of radon at equilibrium = 3.47 x 104 
MeV/m3 = 5.56 x10-9 J/m3 for thoron progeny 

- 1 Bq/m3 of thoron at equilibrium = 4.72x105 
MeV/m3 = 7.56 x10-8 J/m3 

(2) Working Level (WL) 

- 1 WL = 1.3 x 108 MeV/m3 

- 1 WL = 2.08 x 10-5 J/m3 

(3) Working Level Month (WLM) 

- 1 WLM = 3.54 x 10-3 Jh/m3 
- 1 WLM = 6.37x105 Bqh/m3 equilibrium equivalent 

concentration of radon 
- 1 WLM = 6.37 x105/FBqh/m3 of radon 
- 1 Bq/m3 of radon over 1 year = 4.4x10-3 WLM at 

home(b) 
- 1 Bq/m3 of radon over 1 year = 1.26 x 10-3 WLM at 

work(b) 
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- 1 WLM = 4.68 x 104 Bqh/m3 equilibrium equivalent 
concentration of thoron. 

(4) F = equilibrium factor. 

(5) Assuming 7000 h/year indoors or 2000 h/year at 
work, and F = 0.4. 

ICRP Publication 126, it has mentioned to the reference 
level that is used to managing the exposure of indoor 
radon from both residences and workplaces. The annual 
dose level which was defined by the ICRP 1933 
Publication 65 showing that the indoor radon exposure 
from the residences and working places should be 
between 3~10 mSv. Therefore, the selected value of a 
reference level should be consistent with the real 
situation of the exposure events as stated by ICRP, 2007, 
Para 234. In addition, the annual doses are classified into 
three levels as followings: the first level is less than 1 
mSv; the second level is between 1~20 mSv; the third 
level is between 20~100 mSv. These three level can be 
applied to the exposure situations depending on the real 
conditions such as dealing with sources, benefits of 
person or community, training, dosimetry, medical 
checkup, and so on. Moreover, in case of the existing 
exposure the reference level should be in the ranges of 
1~20 mSv because this type of exposure is naturally 
occurring that cannot directly control the sources but the 
exposure can be prevented and reduced by many 
pathways. However, the suitable reference level as 10 
mSv/year is still strongly recommended by ICRP 2007, 
Publication 103.  

ICRP Publication 137, it has been newly approved by 
ICRP commission in 2005, which included several useful 
information on the Occupational Intakes of 
Radionuclides (OIR). The new OIR series of ICRP 2015 
has covered the several essential components such as 
evaluation of the internal intake of radionuclides due to 
the occupation, biokinetic, and dosimetric models. In 
addition, it also covers the monitoring approaches for the 
workers and workplaces as well as the overall features 
for reviewing the dose evaluation. 

2.2 Safety standard of IAEA 

The International Atomic Energy Agency (IAEA) 
General Safety Standard, GSR Part3 on Radiation 
Protection and Safety of Radiation Sources and safety 
guide SSG-32 on Protection of the Public against 
Exposure Indoors due to Radon and Other Natural 
Sources of Radiation, GSG 32 on Managing Radon in 
Workplaces with Low Occupancy by the Public have 
covered some important elements related to indoor radon 
exposure as followings:  

 It has defined the responsibilities of the competent 
authority in managing the concentration of radon in 
existing and future residences.  

 It has recommended to set up the suitable reference 
level for the relevant situations such as high 
occupancy factors, economic and social conditions in 
order to keep the activity concentration of Rn-222 in 

residences, buildings, and public not exceed 300 
Bq/m3. 

 It has recommended the appropriate approaches for 
investigating the radon as well as the way of 
collecting data regarding the radon activity 
concentration from residences and buildings with 
high occupancy factors. 

  It has recommended the approaches of disseminate 
the information about the harmful effects of radon 
exposure to public and relevant sectors. 

Mostly, the safety requirement and guides to protect 
public against radon exposure have been published by 
ICRP, IAEA, and World Health Organization (WHO). 
Because, those publications clearly define the suitable 
reference level for indoor radon exposure in the 
residences, workplaces, and buildings under conditions 
of high occupancy factors. ICRP publications have 
strongly recommended the annual effective dose for 
indoor radon exposure at 10 mSv. WHO and IAEA have 
recommended the activity concentration of radon in 
residences, and buildings not exceed 300 Bq/m3. 

2.2 Recommendation of WHO 

Recently, WHO launched its recommendation on indoor 
radon exposure for protecting public from the harms of 
222Rn. As a result of this, WHO offered the reference 
level as 100 Bq/m3 for indoor radon exposure of 222Rn. 
If some countries cannot manage the exposure below this 
reference level, their selected reference level should not 
go beyond 300 Bq/m3. 

3. Method of Skin Doses Calculation in VARSKINS
Code 

ICRP considers the skin as an essential part of body that 
needs to inspect in term of radiation dose. The required 
data from the skin dose inspection is the deep dose that 
occurs at the skin surface of 7 mg cm-2 in an area of 1 
cm2, which was typically mentioned by recent 
requirements. 

The most widely used tool is VARSKIN code, it is for 
assessing the skin dose. This method might rely on the 
point kernel (PK) method. The current version of 
VARSKIN that commonly enters in service is a version 
6 [1, 4]. The reason why VARSKIN is based on PK 
method because PK can provide the calculation data on 
the deposited energy values that is called dose PKs 
(DPKs) and it is a function of distance from a source 
point, and in an infinite homogeneous water medium as 
well. On the other hand, VARSKIN is capable to make 
the corrections for the self-attenuation in a massive hot 
particle, the attenuation takes place by multi-layers 
covering materials and air gaps.   

Furthermore, VARSKIN 6 can provides users the 
choices for obtaining the code by automatically 
generating the progeny data in the dosimetry calculation 
or by manual adding the progeny data. In addition, it also 
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permits users to ignore or delete data of unwanted 
radionuclide as well as creating the modified library [5]. 

Actually, the shallow dose is the main target of 
measurement in VARSKIN 6. There are two types of 
shallow dose that need to recognize.  The first type of 
shallow dose is caused by beta emitters.  The second 
types of shallow dose is produced by photon. Therefore, 
to measure the shallow dose due to both types, the 
different approaches might be applied in a calculation 
that can describe in the next sections.  

3.1 Calculation of skin dose for beta emitters 

Generally, it is very hard to identify the exact amount of 
the skin dose, and the amount that we obtain from the 
measurement it is an approximate value. However, the 
trustworthy value of the skin dose due to beta emitters it 
is derived from the radionuclide concentration deposited 
on the skin surface area. In addition, another factor can 
be ignored such as gamma ray distribution. To calculate 
the skin dose due to beta emitters, it should apply the 
following equation: 

H ( ) =  
C  x CF  x t

SF

- HT(skin) is an equivalent dose to the skin [µGy]; 
- Cskin is an approximate surface concentration of 

radionuclide on skin or clothing [Bq/cm2] 
- CFbeta-skin is a conversion factor, skin beta dose rate 

[(µGy/h)/(Bq/cm2)] 
- SFbeta is a shielding factor for beta radiation due to 

clothing; the average values of SFbeta can be 3 - 5 for 
the light clothing and 1000 for the heavy clothing 

- t is time of exposure [h] 

3.2 Calculation of skin dose for photon 

To determine the skin dose due to photon, it might follow 
three segments methods as described by these followings 
[5]: 

- Segment1 is defined by equal radii of dose-averaging 
disk 

- Segment 2 is defined by equal off-axis angles 

- Segment 3 is defined by equal annular area 

Each segment method can be demonstrated as below 
Figure 2. 

Figure2. Three segments methods 

Generally, VARSKIN6 applies the segments about 300 
sections along the radius or diameter for its analysis. 
However, its analysis for a small averaging disk can be 
completed by a few segments.  

Figure 3. Relative dose is the function of the number of 
Segments in a numerical Addition. 

Figure 4. Dose averaging disk and depth under a point 
source. 

Figure 5. The correlation between dose averaging disk 
and source radii. 
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Figure 6. Source point located at off-axis, off disk 
above dose averaging disk. 

Therefore, this following equation is used for 
determining shallow dose of nuclear transition (nt) due 
to photon with a point source radionuclide of i emission, 
an infinite thin disk of radius R, and a depth in tissue h 
and radius rj. 

�̇�(𝐡, 𝐑)
𝐆𝐲

𝐧𝐭

=
𝐤

𝟒𝛑

𝐰𝐣

𝐝𝐣
𝟐

𝐍

𝐣 𝟏
𝐲𝐢𝐄𝐢

𝛍𝐞𝐧

𝛒
𝐢

𝐟𝐜𝐩𝐞 𝐢
(𝐅𝐨𝐚)𝐢,𝐣𝐞

𝛍𝐢𝐝𝐣

𝒊

 

Each relevant section in an equation can be separately 
shown by followings:  

Diameter is: 

d = h + r  

Average of the two radii is: 

r =
R − R

2

The ratio of the annular area to the total area of the disk 
is: 

w =
R − R

R

Radii Rj and a radial increment Δ : 

R = (j. Δ ) 

Δ =  
R

N

The off-axis scatter factor is: 

F = (−1.15 + 0.000334𝜃 − 0.0000325𝜃 )(0.93
+ 0.1𝑅) 

A function for f  that is dependent on initial photon 
energy and its relevant coefficients: 

f (E, d) =
1

a + bln(x) +
c

√x

Table 2. Coefficients for f (E, d)

X (in cm) is a function of energy and is equal to the point 
kernel distance between source point and dose point. 

The factor f (E, d) of the ratio of dose D to KERMA K 
for a specific incident photon at a given tissue depth: 

f (E, d) =
D

k

The energy-dependent value  of for tissue and its 

relevant coefficients: 

𝜇

ρ
(E)

=  
𝑎 + 𝑐𝑙𝑛𝐸 + 𝑒(𝑙𝑛𝐸) + 𝑔(𝑙𝑛𝐸) + 𝑖(𝑙𝑛𝐸)

1 + 𝑏𝑙𝑛𝐸 + 𝑑(𝑙𝑛𝐸) + 𝑓(𝑙𝑛𝐸) + ℎ(𝑙𝑛𝐸) + 𝑗(𝑙𝑛𝐸)

Table 3. Coefficients for (E) 

Mass attenuation coefficients [ (E)] 

µ

ρ
(E) =

1

0.0000145 + 3810E + 134400E

This is used for the energy up to 0.02 MeV. 

µ

ρ
(E) = 𝑒

[ . . ( ) . √ .
.

]

This is used for the energy ranges from 0.02 up to 3 MeV. 

A value of constant k: 

k = 1.602x10
j. g

MeV. Kg
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4. Case Assessments for Skin Dose about Radon
Exposure 

Recently, the radon bed mattress incident occurred, 
leading to a point of concern and interest among the 
public regarding the health effects of radiation exposure. 
Hence skin dose assessments about Radon exposure has 
conducted to investigate an effect of radon exposure on 
health effects. In order to calculate skin for beta emitters 
where embedded skin contamination, it was assumed that 
particle (not captured) on mattress will assume 3 mm air 
gap (very arbitrary), mattress thickness of 3 mm, and 
density of 0.36 g/cm3 as shown in Figure 7.  

Figure 7. Side view of the modeling geometry for the 
case of a contamination on mattress 

Radionuclide of Interest 

Radium 226 is a product of the decay of U-238. The main 
decay route - which produces the most energetic emitted 
radiations - is indicated by the emphasized arrows. The 
decay of Ra-226 produces the radioactive gas radon Rn-
222. Unless this escapes the radon activity will build up 
to its equilibrium value within a few half-lives, i.e. 10~15 
days. During this time the subsequent 4 radionuclides 
(Po-218, Pb-214, Bi-214, Po-214) in the decay chain, 
which are all short lived, reach secular equilibrium 
within a few hours. These radionuclides are the main 
contributors to skin dose from environmental radon. The 
next member of the decay chain is Pb-210 with a half-
life of 22 years. Secular equilibrium of Pb-210 and 
subsequent progeny is achieved only over several 
subsequent decades. Hence the extent of equilibrium can 
be assessed by assumed levels of Rn-222, Po-218, Pb-
214 and Bi-214. Use ICRP 107D Library in the 
VARSKIN 6.2.1 code was used to calculate skin dose 
rate per unit activity and unit time. 

- 0.1920 μCi of Rn-222 
- 0.0036 μCi of Po-218 
- 0.0036 μCi of Pb-214 
- 0.0030 μCi of Bi-214 
- 0.0028 μCi of Po-214 

Radium 224 is a product of the decay of Th-233 and the 
decay of Ra-226 produces the radioactive gas radon Rn-
220. During the decay chain from Rn-220, the 
subsequent 4 radionuclides (Po-216, Pb-212, Bi-212, Po-
212). These radionuclides are also assessed by 
comparing the calculated levels of gas Radon Ra-222, 

- 0.1920 μCi of Rn-220 

- 0.0036 μCi of Po-216 

- 0.0036 μCi of Pb-212 

- 0.0030 μCi of Bi-212 

- 0.0028 μCi of Po-212 

Surface Contamination Modelling 

In humans, skin is covered with pores and hair follicles 
where liquid or fine, particulate contamination may 
become lodged and epidermis is thinnest on the eyelids 
at 0.05 mm, and the thickest on the palms and soles of 
feet at 1.5 mm as shown in Figure 8. It is considered dose 
to the part of the body receiving the highest exposure 
over a contiguous 10 cm2 of skin at a tissue depth 
between 0.07 mm (7 mg/cm2) and 10 mm (1000 mg/cm2). 
In this regard, the International Commission on 
Radiological Protection (ICRP) also recommended that 
for radiological protection purposes the skin dose should 
be evaluated to the cells of the basal layer. The depth of 
these cells is often referred to in radiation protection as 
the skin thickness. The ICRP1-3recommend a value of 
0.07 mm for routine skin dose assessment. For non-
uniform exposures the ICRP recommend that this dose 
should be averaged over the most highly exposed area of 
1 cm2. Where the term skin dose is used in this report it 
will indicate such a measurement or calculation and may 
be indicated by [0.07mm x 1 g/cm3). For surface 
contamination modelling, VARSKIN models skin as 
perfectly uniform, smooth, flat surface. 

Figure 8. Side view of the modeling geometry for the 
case of a contamination on mattress 

Skin Dose Estimation 

Skin absorbed doses for beta and photon emitters have 
been calculated for the cases Rn-222 and Rn-224 sources 
using the code VARSKIN 6.2.1. Cover materials and air 
gaps can be modeled to determine the beta energy lost in 
either a cover material or air before it enters the skin. 
Skin absorbed doses for individual environmental 
sources can be assessed to the case calculations on the 
basis of measured activity levels and the extent to which 
equilibrium is achieved. Point source geometry has been 
used to evaluate the skin dose averaged over a volume of 
tissue by seven selected skin depths respectively. 
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(1) Case 1 for Rn-222 and the subsequent radionuclides 

Skin absorbed doses for beta and photon emitters have 
been calculated for the bench mark Ra-226 source using 
the code VARSKIN 6.2.1 as shown in Figure 9. Point 
source geometry has been used to evaluate the skin dose, 
averaged over an area of 1 cm2 at various tissue depths 
from 0.07 mm to 10 mm representative of the skin 
thickness at the majority of body sites. 

Ra-226 alone is primarily an alpha emitter (energy ~ 4.8 
MeV) with a few low intensity and low energy beta and 
gamma emissions. The range of these alpha particles is ~ 
0.03 mm, much less than the nominal skin thickness of 
0.07 mm. The hazard posed by skin exposure from Ra-
226 is therefore due primarily to its daughter products 
such as Rn-222, Po-218, Pb-214, Bi-214 and Po-214 
which include a number of high energy alpha, beta and 
gamma emissions. Skin dose calculation results by 
nuclide and by skin depth are shown in Table 4 and Table 
5 respectively. 

If Ra-226 is in equilibrium with all its progeny, all of the 
radionuclides shown in Table 3 contribute to skin dose. 
The major contribution to skin dose at the nominal skin 
depth of 0.07 mm is from beta radiation. On the 
assumption of a skin thickness of ~ 100 mm the beta dose 
to the skin is negligible. Using VARSKIN 6.2.1 the total 
skin dose rate (at a depth of 0.07 mm over an area of 1 
cm2) from a Rn-224 point-source activity of 0.1920 μCi 
is ~ 4.50x10-2 rad/hour and photon dose to skin is ~ 
8.29x10-4 rad/hour so that the total skin dose rate is ~ 
4.58x10-2 rad/hour. Figure 10 shows that while the 
contribution to skin dose rate by beta radiation is 
gradually decreased in accordance with the skin depth 
while the gamma dose rate to the skin by the depth is 
negligible.  

In the case of Rn-222 source, in equilibrium with 
daughter products, an average skin absorbed dose rate at 
a depth of 0.07 mm is about ~ 4.5x10-2 rad/hour as shown 
in Table 5. 

Figure 9. Side view of input modeling for VARSKIN 

Table 4. Skin dose rate (rad/hr) results by nuclide 

Table 5. Skin dose rate (rad/hr) results by skin depth 

Figure 10. Skin dose calculation results by skin depth 

(2) Case 2 for Ra-220 and the subsequent radionuclides 

If Rn-220 is in equilibrium with all its progeny, all of the 
radionuclides shown in Table 6 contribute to skin dose. 
The major contribution to skin dose at the nominal skin 
depth of 0.07 mm is from beta radiation. On the 
assumption of a skin thickness of ~ 100 mm the beta dose 
to the skin is negligible. The total skin dose rate (at a 
depth of 0.07 mm over an area of 1 cm2) from a Rn-220 
point-source activity of 0.1920 μCi is ~ 4.45x10-3 
rad/hour and photon dose to skin is ~ 8.19x10-5 rad/hour 
so that the total skin dose rate is ~ 4.53x10-3 rad/hour. 
Figure 12 shows that while the contribution to skin dose 
rate by beta radiation is gradually decreased in 
accordance with the skin depth while the gamma dose 
rate to the skin by the depth is negligible.  

2.09E-07
1.69E-05
1.37E-03
1.11E-01

DO
SE

 R
AT

E 
(R

AD
/H

)

DEPTH

Skin Dose Rate (rad/h)

Beta Photon Total

Depth 
Beta Dose 

Rate 
Photon Dose 

Rate 
Total Dose 

Rate 

7 4.50E-02 8.29E-04 4.58E-02 

30 3.47E-02 8.76E-04 3.56E-02 

50 2.79E-02 9.20E-04 2.88E-02 

100 1.69E-02 9.65E-04 1.79E-02 

300 3.78E-03 8.39E-04 4.62E-03 

500 1.22E-03 6.53E-04 1.87E-03 

1000 3.94E-07 3.81E-04 3.82E-04 

@ 
7mg/cm2 

Beta Dose 
Rate 

Photon Dose 
Rate 

Total Dose 
Rate 

Rn-222 4.26E-02 7.88E-04 4.33E-02 

Po-218 7.98E-04 1.48E-05 8.13E-04 

Pb-214 7.98E-04 1.48E-05 8.13E-04 

Bi-214 6.23E-04 9.13E-06 6.32E-04 

Po-214 2.22E-04 2.59E-06 2.24E-04 

Total 4.50E-02 8.29E-04 4.58E-02 
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In the case of Rn-220 source, in equilibrium with 
daughter products, an average skin absorbed dose rate at 
a depth of 0.07 mm is about ~ 2.91x10-3 rad/hour as 
shown in Table 7. 

Figure 11. Side view of input modeling for VARSKIN 

Table 6. Skin dose calculation results by nuclide 

@ 
7mg/cm2 

Beta 
Dose Rate 

Photon 
Dose Rate 

Total Dose 
Rate 

Rn-220 2.91E-03 5.54E-05 2.96E-03 

Po-216 5.45E-04 1.04E-05 5.55E-04 

Pb-212 5.45E-04 1.04E-05 5.55E-04 

Bi-212 4.51E-04 5.67E-06 4.56E-04 

Po-212 0.00E+00 0.00E+00 0.00E+00 

Total 4.45E-03 8.19E-05 4.53E-03 

Table 7. Skin dose rate (rad/hr) results by skin depth 

Depth Beta Dose 
Rate 

Photon Dose 
Rate 

Total 
Dose Rate 

7 3.06E-02 5.81E-04 3.12E-02 

30 2.66E-02 6.23E-04 2.73E-02 

50 2.35E-02 6.57E-04 2.42E-02 

100 1.69E-02 7.00E-04 1.76E-02 

300 3.66E-03 6.42E-04 4.30E-03 

500 5.20E-04 5.18E-04 1.04E-03 

1000 1.18E-05 3.14E-04 3.26E-04 

Figure 12. Skin dose calculation results by skin depth 

5. Conclusions

A study of skin dose assessments about Radon Exposure 
has investigated in order to present a description of radon 
exposure and its health effects based on the current 
literature and provides relevant safety requirements and 
guidelines to Radon Exposure. In addition, a method of 
skin doses model is described and a case calculation of 
skin dose for beta emitters is conducted and its 
representative results of the model calculations are 
presented. Skin absorbed doses for beta and photon 
emitters have been calculated for the cases Rn-222 and 
Rn-224 sources using the code VARSKIN 6.2.1. 

Generally, radon is naturally occurring radioactive 
nuclide in the form of gas and it creates the short lived 
progenies during its decay process that are alpha emitters 
and dangerous to lung due to the inhalation. Therefore, 
WHO has recently treated radon as the source of 
carcinogen and it is the essential factor of inducing lung 
cancer due to the negative effect from smoking. 

In terms of safety requirements and guidelines, IAEA, 
ICRP, and WHO have recommended the maximum 
activity concentration of radon in residences, and 
buildings at 300 Bq/m3 to ensure the health safety of 
workers and public.  

In this study, it focuses on the skin dose assessment at 
0.007 mm depth from skin surface due to radon exposure 
caused by Rn-222 and Rn-220. In the calculation process, 
it utilizes VARSKIN6 codes for assuming the impact of 
the skin dose rate due to beta-emitters and photon with 
different specific depths.  

In calculation process, it needs to estimate two different 
exposure scenarios caused by Rn-222 and Rn-220 
exposures. In case of Rn-222 estimation, it needs to 
identify to the relevant radionuclides such as Rn-222, Po-
218, Pb-214, Bi-214, and Po-214 with the specific depths 
from 7mg/cm2 to 1000 mg/cm2. In case of Rn-222 
estimation, it also needs to identify the relevant 
radionuclides such as Rn-222, Po-216, Pb-212, Bi-212, 
and Po-216 with the specific depths from 7 to 1000 rad/hr. 
The final results of calculation can derive from the sum 
of beta dose rate and photon, which is the total skin dose 
rate.  

Based on the experiment results, it found that the skin 
dose rate decreased when the depth increased. In other 
words, the major factor of the increased skin dose rate 
was caused by Rn-222 and Rn-220.  
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Nuclear Safety. 
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