
1 

 

Age-dependent inhalation doses to members of the public from indoor 1 

short-lived radon progeny 2 

 3 

K. Brudecki
a,
*, W. B. Li

a,
*, O. Meisenberg

b
, J. Tschiersch

b
, C. Hoeschen

a
, U. Oeh

a 
4 

 5 

a
Helmholtz Zentrum München, German Research Center for Environmental Health, Research 6 

Unit Medical Radiation Physics and Diagnostics, Ingolstädter Landstr. 1, D-85764 7 

Neuherberg, Germany 8 

b
Helmholtz Zentrum München, German Research Center for Environmental Health, Institute 9 

of Radiation Protection, Ingolstädter Landstr. 1, D-85764 Neuherberg, Germany 10 

 11 

Key worlds 12 

Short-lived radon progeny, dose coefficient, dose conversion coefficient, member of the 13 

public, biokinetics, internal dosimetry 14 

 15 

Concise and informative title 16 

Age-dependent inhalation doses to radon progeny 17 

 18 

*Corresponding authors: 19 

K. Brudecki and W.B. Li 20 

Research Unit Medical Radiation Physics and Diagnostics 21 

Helmholtz Zentrum München, German Research Center for Environmental Health 22 

Ingolstädter Landstr. 1, D-85764 Neuherberg, Germany. 23 

kamil.brudecki@helmholtz-muenchen.de and wli@helmholtz-muenchen.de 24 

Tel: 0049 89 3187 3314, Fax: 0049 89 3187 2517 25 

26 

mailto:kamil.brudecki@helmholtz-muenchen.de
mailto:wli@helmholtz-muenchen.de


2 

 

Abstract 27 

The main contribution of radiation dose to the human lungs originates from exposure to the 28 

short-lived radon decay products. In the present work, the inhalation doses from indoor short-29 

lived
 
radon decay products, i.e. 

218
Po,

 214
Pb, 

214
Bi, 

214
Po to different age groups of members of 30 

the public were calculated. In the calculations, the age-dependent systemic biokinetic models 31 

of polonium, bismuth and lead published by the International Commission on Radiological 32 

Protection (ICRP) were adopted. In addition, the ICRP human respiratory tract model and the 33 

human alimentary tract model were applied in the determination of the deposition fractions in 34 

different regions of the lungs and the absorption fraction of radon progeny in the alimentary 35 

tract during inhalation and exhalation. Based on equivalent dose and effective dose of each 36 

progeny calculated, the dose conversion coefficient was estimated, taking into account the 37 

unattached fraction, attached aerosols in the nucleation, accumulation and coarse modes and 38 

the potential alpha energy concentration fraction in indoor air. For each progeny, the 39 

equivalent doses to ET airways and the lungs are greater than to other organs. The 40 

contribution of the progeny 
214

Po to the effective dose is much smaller comparing to other 41 

short-lived radon progeny and can be neglected in the dose assessment. In most cases, 90% of 42 

the effective dose from short-lived radon progeny arises from 
214

Pb and 
214

Bi, the rest from 43 

218
Po. The dose conversion coefficients obtained in the present study are 17 and 18 mSv 44 

WLM
-1

 for adult female and male, respectively, comparing to the values ranged from 6 mSv 45 

WLM
-1 

to 20 mSv WLM
-1

 calculated by other investigators. The dose coefficients of each 46 

radon progeny calculated in the present study can be used to estimate the radiation doses for 47 

the population, especially for small children and women, in specific regions exposed to radon 48 

progeny by measuring their concentrations, aerosol sizes and unattached fractions. 49 

50 
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1. Introduction 51 

Radon (
222

Rn) is a radioactive noble gas; it is a decay product of 
226

Ra in the 
238

U decay chain. 52 

Radon gas can leave earth crust by convection or diffusion and migrate to the atmosphere. 53 

The decay products of 
222

Rn are radioactive isotopes of polonium, bismuth and lead. These 54 

daughters are isotopes of heavy metals and can easily be attached to aerosols in the 55 

atmosphere (Fig. 1). Radon progeny can be divided into two groups: the short-lived with half 56 

time below 30 min., say 
218

Po (3.05 min), 
214

Pb (26.8 min), 
214

Bi (19.9 min) and 
214

Po (164.3 57 

s); and the long-lived, like 
210

Pb (22.3 years), 
210

Po (5.01 days) and 
210

Po (138.8 days). The 58 

decay chain ends on the stable isotope 
206

Pb (Firestone 1996). This study concerns about the 59 

short-lived radon progeny. 60 

 61 

Radon and its decay products are responsible for more than half of natural radiation effective 62 

dose (average annual dose 1.3 mSv due to radon and its progeny comparing to natural annual 63 

radiation dose 2.4 mSv) (UNSCEAR 2000). 
222

Rn is a recognized course of lung cancer to 64 

underground miners and residential public and has been proved to be the second cause of lung 65 

cancer after smoking (WHO 2009). Three pooling studies on indoor radon and lung cancer in 66 

Europe, North America and Asia provide a strong evidence that radon causes a substantial 67 

number of lung cancers in the general population. Studies reported increased risks of lung 68 

cancer of 8%, 11% and 13% per 100 Bq m
-3

 increase in measured radon concentration in 69 

Europe, North America and Asia, respectively (Darby et al 2005, 2006, Krewski et al 2005, 70 

2006, Lubin et al 2004). While considering the year-to-year random variation of radon 71 

concentrations at home, data from Europe (Darby et al 2005, 2006), China (Lubin et al 2005), 72 

and the United States (Zhang et al 2007) suggested that the risk estimate based on long-term 73 

average concentrations should be doubled in contrast to that based on short-term measured 74 

concentrations. Therefore, a joint risk estimate from the three pooling studies, based on long 75 

term radon concentrations, would be around 20% per 100 Bq m
-3

 (WHO 2009). According to 76 
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the statement on radon published by the International Commission on Radiological Protection 77 

(ICRP) (ICRP 2010), the dose conversion coefficient may be increased by a factor of two 78 

comparing to the current recommended values by ICRP (1993b) if applying the current ICRP 79 

biokinetic and dosimetric models. The calculated inhalation dose for adults exposed to radon 80 

progeny using ICRP biokinetic and dosimetric models demonstrated this phenomenon (Al-81 

Jundi et al. 2011). 82 

 83 

In the present study, a general method was developed for calculations of dose coefficients and 84 

dose conversion coefficient of short-lived radon progeny including four radon progeny, i.e. 85 

210
Po,

 214
Pb, 

214
Bi and 

214
Po. An assessment of the contribution of radon progeny to radiation 86 

doses in the lungs and in other organs for members of public of six different age groups was 87 

performed, for age groups of 15 years old and adults, inhalation doses for female and male 88 

were individually calculated. The age-dependent systemic biokinetic models of Po, Bi and Pb 89 

(ICRP 1980; 1993; 1995) published by the ICRP were adopted and combined with the ICRP 90 

human respiratory tract model (HRTM) (ICRP 1994) and the human alimentary tract model 91 

(HATM) (ICRP 2006) for determination of the deposition fractions of progeny in different 92 

regions in the lungs and the absorption fraction of progeny in the alimentary tract after 93 

inhalation and exhalation. Based on the organ equivalent dose and the effective dose of each 94 

progeny calculated, the dose conversion coefficient was estimated, taking into account the 95 

unattached fraction, attached aerosols in the nucleation, accumulation and coarse modes and 96 

the potential alpha energy concentration (PAEC) fraction. These dose coefficients and the 97 

dose conversion coefficients for radon progeny are appropriate to the risk assessment of radon 98 

exposure of members of the public, especially for the children, who live in areas with high 99 

radon concentrations. 100 

 101 

 102 



5 

 

2. Materials and methods 103 

In this section, the general method of dose calculation of radon progeny is introduced. First, 104 

deposition fractions of progeny and aerosols in different lung regions were evaluated; second, 105 

a complete biokinetic model for modeling the translocation of deposited materials inside the 106 

human body after inhalation was constructed; third, the ICRP dosimetric model was applied 107 

to estimate the equivalent dose and effective dose; at last the dose conversion coefficient was 108 

calculated. 109 

 110 

2.1 Deposition of radon progeny in human respiratory tract 111 

The human respiratory tract model (HRTM) published by the ICRP (ICRP 1994) was applied 112 

in this study. In the HRTM, the human respiratory tract was mathematically divided into four 113 

anatomic regions as filters of inhaled materials: extrathoracic region (denoted as ET) 114 

including anterior nose, posterior nasal passages, larynx, pharynx and mouth; bronchial region 115 

(denoted as BB); bronchiolar region (denoted as bb) and alveolar-interstitial region (denoted 116 

as AI). The deposition fractions of radon progeny attached to aerosols in the respiratory tract 117 

depend on aerosols sizes and human physiological parameters like age, sex and life style. To 118 

cover the particle sizes of radon progeny in indoor air, deposition fractions of three activity 119 

median aerodynamic diameters (AMAD) of attached aerosols, 50 nm, 230 nm and 2500 nm 120 

and one activity median thermodynamic diameter (AMTD) of 1 nm representing the 121 

unattached aerosol were calculated by interpolation of the published deposition fraction 122 

values in the ICRP Publication 66 (1994). These activity sizes are assumed lognormal 123 

distributed with a geometric standard deviation (g) 1.0 for AMTD of 1 nm and g =1.45, 124 

2.26 and 2.49 for AMAD of 50 nm, 230 nm and 2500 nm, respectively. Furthermore, the age-125 

dependent of aerosol depositions in different regions of the lungs were implemented into the 126 

modeling of the six age groups and two sex for 15 years old and adults: 3 months infant (3 127 

mo), 1 year old (1 y), 5 years old (5 y), 10 years old (10 y), 15 years old male (15 y ♂), 15 128 
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years old female (15 y ♀), adults male (Adult ♂) and adults female (Adult ♀). Fractions of 129 

the four modes of aerosol activity sizes 1 nm, 50 nm, 230 nm and 2500 nm in indoor air were 130 

defined as 0.1, 0.135, 0.747 and 0.018, respectively (Marsh et al. 2002). 131 

 132 

Generally the fractional depositions in regions of the respiratory tract were estimated on the 133 

base of ICRP references values for six age groups and two sex and three exercise levels 134 

(sitting, sleeping, light excises) of human activity in indoor as a function of aerosol size. A 135 

logarithmic interpolation of deposition fractions was performed over the age groups using a 136 

six degree polynomial function. The typical indoor time budget distribution of different 137 

activities for the human being is supposed as 71% and 29% for sleeping and light exercise 138 

respectively for three month infant and 55%, 15%, and 30% for sleeping, sitting, and light 139 

exercise, respectively for all other age groups (Table A4 in ICRP 2002). The average 140 

breathing rate for adult male at home is 0.78 m
3
 h

-1
 and the breathing rates for other age 141 

groups are following: 0.11 m
3
 h

-1
 for 3 months infant; 0.22 m

3
 h

-1
 for 1 year old; 0.35 m

3
 h

-1
 142 

for 5 years old; 0.56 m
3
 h

-1
 for 10 years old; 0.64 m

3
 h

-1
 for 15 years old female, 0.72 m

3
 h

-1
 143 

for 15 years old male and 0.61 m
3
 h

-1
 for adult female, respectively. 144 

 145 

2.2 Biokinetic models 146 

To model the biokinetics of inhaled radionuclides in human lungs and retention in other 147 

organs and tissues, the systemic models (ICRP 1989), the respiratory tract model, HRTM 148 

(ICRP 1994a) and alimentary tract model, HATM (ICRP 2006) were coupled into one general 149 

compartmental model (Fig. 2). This model has been successfully applied in the estimation of 150 

the inhalation doses of thoron progeny for the public population of different age and sex (Li et 151 

al. 2008a, Bi et al. 2010) and for adults exposed to radon progeny (Al-Jundi et al. 2011). This 152 

general inhalation biokinetic model was also used to predict the retention and excretion after 153 

inhaled aerosols of depleted uranium (Li et al. 2008b). 154 



7 

 

 155 

Regarding to radon progeny, model transfer rates between organs or tissues are available for 156 

the HRTM, the HATM and systemic models (ICRP 1980, 1989, 1993, 1994, 1995, 2006), 157 

except that the procedure of absorption into blood from the respiratory tract is substituted by a 158 

simplified compartmental model proposed by Marsh and Birchall (1999), based on the earlier 159 

published data sets by Booker et al (1969), Hursh et al (1969), and Hursh and Mercer (1970). 160 

It is assumed that Pb is absorbed into blood with a half-life of 10 h and Bi with a half-life of 161 

13 h no matter what kind of attachment forms they hold. These values are in the range of the 162 

absorption half-life values of 18 h estimated by Pillai et al (1994) and 8 h estimated by Jacobi 163 

(1964). 164 

 165 

In the biokinetic modeling, two aspects are relative complicated to be implemented, namely, 166 

age-dependent transfer rates and the treatment of decay products of radon progeny. For 167 

simplicity a linear interpolation of age-independent transfer rates in the systemic models is 168 

applied. The age-dependent transfer rates change over time for inhalation starting at different 169 

age groups proposed by Li et al. (2005) for uranium age-dependent biokinetic model was 170 

adopted in the present modeling for Pb, for modeling of Po and Bi, the starting of intake at 171 

age adult is defined at 20 years old instead of 25 years old. 172 

 173 

For treatment of decay products, the biokinetics of the decay daughters are assumed to behave 174 

independently as they are produced in the human body. The independent biokinetic models 175 

published by ICRP Publication 71 (ICRP 1995) were used in the present work. For the 176 

“other” tissue consideration in the decay chain member, the first approach suggested by the 177 

ICRP was applied in the present study (ICRP 1995). In the biokinetic models it is convenient 178 

to consider a set of organs and tissues, so called “other” tissues, which are not explicitly noted 179 

as tissues of deposition and in general with anatomical identity among decay chain member. 180 
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The number of nuclear transformations for each chain member is calculated using its 181 

independent biokinetic descriptions. Nuclear transformations within the member’s “other” 182 

tissues are partitioned, by mass fraction among the source regions of the chain not present in 183 

the member's kinetics. Also, source regions present in the kinetics of the member but not in 184 

the kinetics of the parent of the chain, here 
218

Po, 
214

Pb, 
214

Bi and 
214

Po, should receive a 185 

portion of the transformations calculated in the member’s “other”. The number of 186 

transformation in “other” is reduced by the number allocated to the specific source regions, 187 

thus conserving transformations. 188 

 189 

The complete dynamic transfer process of the inhaled radon progeny in the lungs and between 190 

the organs can be described by a system of first-order linear differential equations. The 191 

number of each nuclide in an individual tissue and organ at any time elapsed from the intake 192 

can be calculated by a numerical method. The time-integrated activity, Ã (formerly defined as 193 

number of nuclear transformations, US) from any radon progeny in each organ was calculated 194 

by integrating the radioactivity in the organ over 70 years for children and over 50 years for 195 

adults. The system of first-order differential equations was solved by using commercial 196 

software package SAAM II (Barrett et al. 1998) (The Epsilon Group VA, USA). 197 

 198 

2.3 Equivalent dose and effective dose 199 

Equivalent doses were calculated with the time-integrated activity, Ã of the deposited radon 200 

progeny in so-called source organs and the radiation-weighted Sw factors (formerly defined as 201 

specific effective energy, SEE). The committed equivalent dose in each target organ T from 202 

radiations emitted in a source organ S is determined by the product of two factors: (1) the 203 

time-integrated activity, Ã of the radionuclide in source region S over a period of integration τ 204 

after intake of the radionuclide; (2) the radiation-weighted Sw factors, that is, the energy 205 

absorbed per unit mass in target organ T, multiplied the radiation-weighting factor, for each 206 
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radiation emitted per transformation in source region S. The equivalent dose H(rS,TD) in target 207 

organ T at age t of an individual intake over the dose-integration period TD is given as 208 

equation (1) (ICRP 1989; Bolch et al. 2009). 209 

dttrrStrATrH STw

r

T

SDT

S

D

),(),(),(
0

                                            (1) 210 

where: A(rS,t) is the activity in sources region in source region rS at time t; 211 

),( trrS STw   is the radiation-weighted S; 212 

),,(),( tErrSwtrrS RST

R

RSTw   . 213 

The value of radiation-weighted Sw factors (formerly as known SEE) was calculated by using 214 

the SEECAL program (Oak Ridge National Laboratory, Oak Ridge, TN, USA), in which each 215 

type of radiation is weighted by a given radiation weighting factor, wR, which accounts for the 216 

different biological effectiveness in inducing late effects. Therefore the effective dose E can 217 

be calculated by equation (2) as a sum of the product of the equivalent doses, HT for each 218 

systematic organ and tissue weighting factor, wT: 219 

 220 

T T

T

E w H                                                               (2) 221 

Since A(rS,t) and Sw of the respiratory tract are calculated in separate anatomical regions, the 222 

assigned fractions for target cells in different regions are assumed to be 0.001, 0.998 and 223 

0.001 for ET1, ET2 and LNET in the ET area, and 0.1665, 0.1665, 0.333, 0.333 and 0.001 for 224 

BBbas, BBsec, bb, AI and LNTH in lungs, respectively (ICRP 1994). 225 

 226 

As the new ICRP recommendation (2007) suggested, the effective dose, E, for adults should 227 

be calculated by averaging the effective doses of female and male as equation (3): 228 

 229 
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2

Female

T

Male

T

T

T

HH
wE                                                     (3) 230 

where Female

TH  and Male

TH  are equivalent doses for adult female and adult male, respectively. 231 

In the present work, the effective doses for 15 years old and adult are calculated using the 232 

female and male equivalent doses. 233 

 234 

2.4 Dose conversion factor 235 

The effective dose arising from the inhalation of short-lived radon progeny are expressed 236 

normally in terms of dose conversion coefficient and is calculated by Equation (3) as effective 237 

dose per unit potential alpha exposure in unit of Sv per J h m
-3

 or in unit of Sv per WLM (1 238 

WLM=3.54×10
-3

 J h m
-3

. One WLM equals about 6.37×10
5
 Bq h m

-3
 of equilibrium 239 

equivalent concentration (EEC) of 
222

Rn): 240 

ijpj

i j

ij EftBCWLMperSvE ,

3

1

4

1

,)( 
 

                          (4) 241 

The index i corresponds to inhaled radon progeny; i =1, 2, and 3, for the 
218

Po, 
214

Pb and 
214

Bi 242 

respectively. Index j corresponds to the aerosol mode of the activity size distribution; j=1, 2, 3 243 

and 4 for the unattached, nucleation, accumulation and coarse modes respectively. The 244 

symbol Cj,i is the activity concentration of the decay product i and activity size distribution j 245 

corresponding to a radon progeny mixture of 1 WL (Table 1), B is the average breathing rate 246 

for each age group, t is taken as the exposure period of 170 h, fpj is fraction of the PAEC 247 

associated with mode j and Ej,i is the effective dose coefficient for decay product i with an 248 

activity size distribution for mode j. 249 

 250 

 251 

3. Results and discussion 252 
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Equivalent dose and effective dose of short-lived radon progeny, 
210

Po, 
214

Pb, 
214

Bi, 
214

Po in 253 

unattached mode (1 nm) and attached modes (50 nm, 230 nm and 2500 nm) for members of 254 

the public of eight age groups were presented in Tables A1-A16 in the Appendix. The dose 255 

coefficients of the short-lived radon progeny with “mixed” activity diameters were presented 256 

in Tables 2-4. For each radon progeny equivalent doses to ET airways and the lungs were 257 

greater than other organs. For progeny in activity sizes of 1 nm, 50 nm and 230 nm, the 258 

equivalent doses to ET airways are usually lower than the lungs, whereas for progeny in size 259 

of 2500 nm, it varies inversely. Bone surfaces and kidneys can be classified as more 260 

sensitivity organs due to high organ equivalent doses received. The highest effective dose of 261 

short-lived radon progeny was found at unattached mode of 1 nm, the lowest effective dose 262 

was found at attached mode of 230 nm. 263 

 264 

For each short-lived radon progeny and attached aerosol sizes, the effective doses were 265 

greatest for infant and decrease with the increase of ages (Fig. 3). In each short-lived radon 266 

progeny it can be observed that the highest effective dose is at unattached mode of 1 nm and 267 

the lowest at attached aerosol 230 nm. 268 

 269 

For adults the lung equivalent dose to 
218

Po reached 9.8×10
-8 

Sv Bq
-1

 for the unattached mode 270 

and it was 2.2 to 5.6 times larger than attached modes. Lung equivalent dose of 
214

Pb was 271 

estimated as 5.2×10
-7

 Sv Bq
-1

 for 1 nm, 2.1×10
-7

 Sv Bq
-1

 for 50 nm, 8.5×10
-8

 Sv Bq
-1

 for 230 272 

nm and 1.1×10
-7

 Sv Bq
-1

 for 2500 nm, respectively. Lung equivalent dose of 
214

Bi declined 273 

from 4.3×10
-7 

Sv Bq
-1

 to 6.7×10
-8

 Sv Bq
-1

 in the order of 1 nm, 50 nm, 2500 nm and 230 nm. 274 

Depending on the activity size of radon progeny the lung equivalent dose for infants were in 275 

the range 6.4×10
-8

 Sv Bq
-1

 - 4.6×10
-7

 Sv Bq
-1

 for 
218

Po, 3.3×10
-7

 Sv Bq
-1

 - 2.6×10
-6

 Sv Bq
-1

 276 

for 
214

Pb, 2.7×10
-7

 Sv Bq
-1

 - 2.3×10
-6 

Sv Bq
-1

 for 
214

Bi and 4×10
-14

 Sv Bq
-1

 - 3.5×10
-13

 Sv Bq
-1

 277 

for 
214

Po, respectively. 278 
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 279 

In the present study, effective dose was separately calculated for male and female of age 280 

groups of 15 years old youth and adults. The new ICRP dosimetric model calculates an 281 

average effective dose between the female and the male. Table 6 shows a comparison between 282 

these two methods. As can be seen in the age group of 15 years old children there is no 283 

differences, however for adults differences the effective dose are quite large, for example 284 

218
Po effective dose in 230nm mode for male reaches 2.1×10

-9 
Sv Bq

-1
 meanwhile for female  285 

reaches 2.9×10
-9 

Sv Bq
-1

. However, the contribution of effective dose of 
218

Po to the dose 286 

conversion factor is small and therefore a minor effect to the DCF. 287 

 288 

Dose coefficients of radon progeny calculated in the present study are compared to the values 289 

calculated by Kendall and Smith (2002, 2005) in Table 7. The differences between the two 290 

calculations were found in the range from 0% to 32% with an average value of 16%. Kendall 291 

and Smith calculated dose coefficients only for two aerosol size modes, 0.6 nm AMTD and 292 

200 nm AMAD; in addition, the transfer rate from lung to blood is different from the present 293 

study. 294 

 295 

The contributions of each short-lived radon progeny to the effective dose for each age group 296 

and aerosol activity size are presented in Table 8. The contribution to effective dose from 297 

214
Po is very small than other short-lived radon progeny and can be neglected in the dose 298 

assessment. The main dose contributions, say 90%, to the effective dose were attributed to the 299 

progeny 
214

Pb and 
214

Bi; and other 10% to the progeny 
218

Po. For the unattached progeny 300 

218
Po the contribution to the effective dose is about 7% to 9%, the rest is almost evenly 301 

contributed from 
214

Pb and 
214

Bi, almost the same situation we can observed in case 230nm 302 

size mode. For attached nucleation mode of 50 nm, the ratio of contributions to the effective 303 

dose was 1:5:4 for 
218

Po, 
214

Pb and 
214

Bi. In case of activity size of 2500 nm, the contribution 304 
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of 
214

Pb to effective dose increases from 37% to 43% as the age increasing, while contribution 305 

of 
214

Bi decreases a bit from 57% to 50%. 306 

 307 

The dose conversion factor (DCF) of radon progeny estimated in the present study were 20 308 

mSv WLM
-1

 for 3 months infants, 21 mSv WLM
-1

 for 1 year old, 18 mSv WLM
-1

 for 5 years 309 

old, 20 mSv WLM
-1

 for 10 years old, 18 mSv WLM
-1

 for 15 years old male, 16 mSv WLM
-1

 310 

for 15 years old female, 18 mSv WLM
-1

 for adults male and 17 mSv WLM
-1

 for adults 311 

female, respectively. 312 

 313 

The DCF for adults calculated by other investigations were presented in Table 9 for 314 

comparison. Depending on the different models and exposure conditions, the DCF values 315 

were ranged from 6 mSv WLM
-1

 to 20 mSv WLM
-1

 (Jacobi and Eisfeld 1980; ICRP 1987; 316 

ICRP 1993b; Birchall and James 1994; Marsh and Birchall 2000; Porstendörfer 2001; Yu et 317 

al. 2001a; Yu et al. 2001b; Marsh et al. 2002; James et al. 2004; Marsh et al. 2005; Mohamed 318 

2005; Lau et al. 2006; Nikezic et al. 2006; UNSCEAR 2008; Marsh et al. 2010; Al Jundi et al. 319 

2011). 320 

 321 

This present calculation was performed independently and it follows the ICRP biokinetic 322 

models and dosimetric model and represents the state of the art of radon dose calculation. The 323 

DCF value of 18 mSv WLM
-1

 is close to the result 20 mSv WLM
-1

 of James et al. (2004) and 324 

the value of 15 mSv WLM
-1

 reported by Marsh and Birchall (2000), Marsh et al. (2002), 325 

Mohamed (2005), Lau et al. (2006), Nikezic et al. (2006) and Al Jundi et al. (2011). The 326 

lower value of 6 mSv WLM
-1

 reported by ICRP (1987) and UNSCEAR (2008) was based on 327 

the calculation of Jacobi and Eisfeld (1980) and it is known that the authors neglected the 328 

contribution from the unattached progeny. Therefore the present study supports a DCF at the 329 

higher end of the range of values as most of the recent investigations. 330 
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 331 

 332 

4. Conclusion 333 

In the present work, the age-dependent inhalation doses to members of the public exposed to 334 

indoor short-lived
 
radon decay products, 

218
Po,

 214
Pb, 

214
Bi, 

214
Po were calculated. The 335 

equivalent doses to ET airways and the lungs were greater than that to other organs. The 336 

contribution to effective dose from 
214

Po is very small comparing to other short-lived radon 337 

progeny and can be neglected in the dose assessment. About 90% of effective dose from 338 

short-lived radon progeny is attributed to 
214

Pb and 
214

Bi, the other 10% to 
218

Po. The dose 339 

conversion coefficient per unit exposure of radon progeny calculated in the present study was 340 

18 mSv WLM
-1

 which was in the range of 6 to 20 mSv WLM
-1

 calculated by other 341 

investigators. The dose coefficients and dose conversion coefficient calculated can be used to 342 

estimate the radiation doses of population, especially for small children and women, in 343 

specific regions exposed to radon progeny by measuring their concentration, aerosol size and 344 

unattached fraction. 345 

 346 
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 352 

 353 

Appendix A. Age-dependent dose coefficients for members of the public exposed to 354 

short-lived radon progeny 355 

In this appendix, the age-dependent dose coefficients (Sv Bq
-1

) for members of the public 356 

exposed to short-lived radon progeny, i.e. 
218

Po, 
214

Pb, 
214

Bi, 
214

Po as unattached mode (1 nm) 357 

and as attached aerosols in the nucleation (50 nm), accumulation (230 nm) and coarse (2500 358 

nm) modes were presented in Tables A1-A16. 359 

 360 

 361 

Appendix B. Calculation of the radon dose conversion factor (DCF) from individual 362 

dose coefficients of progeny 363 

In the calculation of dose conversion coefficients, the following steps were performed: 364 

1. The dose coefficient per potential alpha energy was firstly calculated; 365 

2. The contribution of each progeny in each state to the potential alpha energy was calculated, 366 

according to the ratios of concentrations of the nuclides and the size modes; 367 

3. The dose contribution per exposure of each progeny in each state was calculated; 368 

4. Summing up all the contributions. 369 

Furthermore, the ratio of the activity concentrations in the air is assumed as following (cf. 370 

table 1): 371 

218
Po : 

214
Pb : 

214
Bi =: 1 : 0.1 : 0 (unattached) 372 

218
Po : 

214
Pb : 

214
Bi =: 1 : 0.75 : 0.6 (attached) 373 

The ratio of the four activity size modes (unattached to coarse) is assumed as following: 374 

1 nm : 50 nm : 230 nm :2500 nm = 0.1 : 0.135 : 0.747 : 0.018 375 

 376 

The dose coefficients (Sv Bq
-1

) are summarized in following table: 377 
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Size (nm) 
218

Po 
214

Pb 
214

Bi 

1 1.2×10
-8

 6.3×10
-8

 6.5×10
-8

 

50 5.5×10
-9

 2.6×10
-8

 2.0×10
-8

 

230 2.1×10
-9

 1.0×10
-8

 9.9×10
-9

 

2500 3.1×10
-9

 1.8×10
-8

 2.0×10
-8

 

 378 

For a convenient application in practical, the dose conversion coefficients of radon progeny 379 

are calculated in the units of Sv (J m
-3

 h)
-1

 and Sv WLM
-1

: 380 

 1 WL = 2.08×10
-5

 J m
-3

 381 

1 WLM = 2.08×10
-5

 J m
-3

×170 h = 3.54×10
-3

 J m
-3

 h 382 

 383 

DCF in Sv (J m
-3

 h)
-1

 DCF in Sv WLM
-1

 

1. DCij in Sv J
-1

: 

 
218

Po 
214

Pb 
214

Bi 

1 20.3 22.0 30.6 

50 9.3 9.1 9.4 

230 3.6 3.5 4.7 

2500 5.2 6.3 9.4 

 

2. Contribution of the nuclides to a 

concentration of 1 J m
-3

: Cij in J m
-3

 

 

3. Contribution to dose from each nuclide in 

each state: 

DCij × Cij gives Sv per m
3
 of inhaled air 

DCij × Cij × B gives Sv per h of exposure 

at a concentration of 1 J m
-3

 

 

dij in Sv h
-1

: 

 
218

Po 
214

Pb 
214

Bi 
1 1.07 0.560 0 

50 0.144 0.512 0.315 

320 0.305 1.09 0.863 

2500 0.0108 0.0472 0.0420 

 

4. Total dose for an exposure of 1 J m
-3

 h is 

calculated as: 

 
218

Po 
214

Pb 
214

Bi Sum 

1 0.0674 0.0326 0 0.1 

50 0.0199 0.0722 0.0429 0.135 

320 0.110 0.400 0.238 0.747 

2500 0.00265 0.00963 0.00572 0.018 

1. DCij in Sv (WL m
3
)
-1

: 

 
218

Po 
214

Pb 
214

Bi 

1 4.22×10
-4

 4.58×10
-4

 6.36×10
-4

 

50 1.93×10
-4

 1.89×10
-4

 1.96×10
-4

 

230 7.49×10
-5

 7.28×10
-5

 9.78×10
-5

 

2500 1.08×10
-4

 1.31×10
-4

 1.96×10
-4

 

 

2. Contribution of the nuclides to an exposure 

of 1 WL: Cij in WL 

 

 
218

Po 
214

Pb 
214

Bi sum 

1 0.0674 0.0326 0 0.1 

50 0.0199 0.0722 0.0429 0.135 

320 0.110 0.400 0.238 0.747 

2500 0.00265 0.00963 0.00572 0.018 

 

3. Contribution to dose from each nuclide in 

each state: 

DCij × Cij gives Sv per m
3
 of inhaled air 

DCij × Cij × B gives Sv per h of exposure 

at a concentration of 1 WL 

 

dij in Sv h
-1

: 

 
218

Po 
214

Pb 
214

Bi 

1 2.22×10
-5

 1.17×10
-5

 0 

50 3.00×10
-6

 1.06×10
-5

 6.55×10
-6

 

320 6.34×10
-6

 2.27×10
-5

 1.80×10
-5

 

2500 2.25×10
-7

 9.83×10
-5

 8.74×10
-7

 

 

4. Total dose for an exposure of 1 WL h is 

calculated as: 
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3

1

4

1

,

i j

jidd  

d = 4.96 Sv h
-1

 for a concentration of 1 J m
-3

 

 

 DCC = 4.96 Sv (J m
-3

 h)
-1

 

 


 


3

1

4

1

,

i j

jidd  

d = 1.03×10
-4

 Sv h
-1

 for a concentration of 1 

WL 

exposure time: 170 h 

 

 DCF =17.5 mSv (WL 170 h)
-1

 = 

= 17.5 mSv WLM
-1

 

 384 
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Figures 567 

 568 

Figure 1. Generation and decay scheme of 
222

Ra daughters. 569 

 570 

Figure 2. Combines Human Respiratory Track Model, Human Alimentary Track Model and 571 

systematic models using in present studies. ET1 – extrathoraicic region, ET2 – posterior nasal 572 

passages, LNET,TH – lymph nodes, BB – bronchial, bb – bronchiolar, AI – alveolar interstitial.  573 

 574 

Figure 3. Effective dose (Sv Bq
-1

) of 
214

Pb as a function of age and particle activity size. 575 

 576 

577 
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Figure 3 593 
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Tables 600 
 601 
Table 1. Activity concentrations, Cj,i of a mixture of short-lived 

222
Rn progeny that gives a 602 

concentration of 1 WL for either the unattached or the attached progeny. 603 

j diameter fpj Cj,i (Bq m
-3

) 

   
218

Po (i=1) 
214

Pb (i=2) 
214

Bi (i=3) 

1 1 nm 0.1 2.41×10
4
 2.41×10

3
 0 

2 50 nm 0.135  

5.21×10
3
 

 

3.91×10
3
 

 

3.13×10
3
 3 230 nm 0.747 

4 2500 nm 0.018 

 604 

 605 
606 
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 607 
Table 2. Inhalation dose coefficients (Sv Bq

-1
) of 

218
Po for “mixture” diameters as a function 608 

of age. 609 
 610 
Organs\Age 3 mo 1 y 5 y 10 y 15 y ♂ 15 y ♀ Adult ♂ Adult ♀ 

Adrenals 3.1×10
-11

 1.3×10
-11

 5.9×10
-12

 3.2×10
-12

 1.8×10
-12

 1.8×10
-12

 1.4×10
-12

 2.0×10
-12

 

Bladder wall 3.8×10
-11

 1.6×10
-11

 6.8×10
-12

 4.0×10
-12

 2.5×10
-12

 2.6×10
-12

 2.0×10
-12

 2.9×10
-12

 

Bone surfaces 4.7×10
-10

 1.7×10
-10

 9.6×10
-11

 7.1×10
-11

 5.7×10
-11

 5.7×10
-11

 2.2×10
-11

 2.9×10
-11

 

Brain 2.9×10
-11

 1.2×10
-11

 5.4×10
-12

 2.9×10
-12

 1.6×10
-12

 1.6×10
-12

 1.3×10
-12

 1.8×10
-12

 

Breasts 3.0×10
-11

 1.3×10
-11

 5.8×10
-12

 3.2×10
-12

 1.7×10
-12

 1.8×10
-12

 1.4×10
-12

 2.0×10
-12

 

St wall 3.9×10
-10

 1.2×10
-10

 5.0×10
-11

 2.7×10
-11

 1.6×10
-11

 1.6×10
-11

 1.3×10
-11

 1.4×10
-11

 

SI wall 1.7×10
-10

 6.7×10
-11

 2.8×10
-11

 1.6×10
-11

 7.9×10
-12

 8.1×10
-12

 6.5×10
-12

 7.4×10
-12

 

ULI wall 8.4×10
-11

 3.5×10
-11

 1.5×10
-11

 8.3×10
-12

 4.3×10
-12

 4.3×10
-12

 3.5×10
-12

 4.2×10
-12

 

LLI wall 3.5×10
-11

 1.4×10
-11

 6.4×10
-12

 3.5×10
-12

 1.9×10
-12

 1.9×10
-12

 1.5×10
-12

 2.1×10
-12

 

Kidneys 7.8×10
-10

 3.0×10
-10

 1.5×10
-10

 9.2×10
-11

 6.2×10
-11

 6.3×10
-11

 5.4×10
-11

 6.2×10
-11

 

Liver 7.7×10
-11

 3.7×10
-11

 1.7×10
-11

 9.7×10
-12

 5.6×10
-12

 5.7×10
-12

 5.0×10
-12

 6.7×10
-12

 

Lung 2.1×10
-7

 1.1×10
-7

 6.6×10
-8

 4.7×10
-8

 3.3×10
-8

 3.5×10
-8

 2.9×10
-8

 3.7×10
-8

 

ET 1.4×10
-7

 5.7×10
-8

 2.4×10
-8

 1.5×10
-8

 9.1×10
-9

 9.2×10
-9

 8.7×10
-9

 1.0×10
-8

 

Muscle 3.0×10
-11

 1.3×10
-11

 5.7×10
-12

 3.1×10
-12

 1.7×10
-12

 1.7×10
-12

 1.4×10
-12

 1.9×10
-12

 

Ovaries 3.1×10
-11

 1.3×10
-11

 5.7×10
-12

 3.1×10
-12

 - 1.7×10
-12

 - 1.9×10
-12

 

Pancreas 3.2×10
-11

 1.4×10
-11

 6.1×10
-12

 3.4×10
-12

 1.9×10
-12

 1.9×10
-12

 1.5×10
-12

 2.1×10
-12

 

Red marrow 8.3×10
-11

 2.3×10
-11

 9.8×10
-12

 6.7×10
-12

 4.9×10
-12

 5.0×10
-12

 2.9×10
-12

 3.6×10
-12

 

Skin 2.9×10
-11

 1.2×10
-11

 5.4×10
-12

 3.0×10
-12

 1.6×10
-12

 1.6×10
-12

 1.3×10
-12

 1.8×10
-12

 

Spleen 3.4×10
-11

 1.6×10
-11

 7.6×10
-12

 4.6×10
-12

 2.7×10
-12

 2.8×10
-12

 8.7×10
-11

 2.2×10
-12

 

Testes 2.9×10
-11

 1.2×10
-11

 5.3×10
-12

 2.9×10
-12

 1.6×10
-12

 - 1.2×10
-12

 - 

Thymus 3.2×10
-11

 1.4×10
-11

 6.1×10
-12

 3.3×10
-12

 1.8×10
-12

 1.9×10
-12

 1.5×10
-12

 2.1×10
-12

 

Thyroid 3.0×10
-11

 1.2×10
-11

 5.6×10
-12

 3.0×10
-12

 1.7×10
-12

 1.7×10
-12

 1.3×10
-12

 1.9×10
-12

 

GB wall 3.1×10
-11

 1.3×10
-11

 5.9×10
-12

 3.2×10
-12

 1.7×10
-12

 1.8×10
-12

 1.4×10
-12

 2.0×10
-12

 

HT wall 3.2×10
-11

 1.4×10
-11

 6.1×10
-12

 3.4×10
-12

 1.9×10
-12

 2.0×10
-12

 1.5×10
-12

 2.2×10
-12

 

Uterus 3.0×10
-11

 1.3×10
-11

 5.7×10
-12

 3.1×10
-12

 1.7×10
-12

 1.7×10
-12

 1.4×10
-12

 1.9×10
-12

 

Remainder 3.5×10
-9

 1.5×10
-9

 6.9×10
-10

 4.0×10
-10

 2.4×10
-10

 2.4×10
-10

 2.3×10
-10

 2.7×10
-10

 

Colon 6.3×10
-11

 2.6×10
-11

 1.1×10
-11

 6.3×10
-12

 3.2×10
-12

 3.3×10
-12

 2.6×10
-12

 3.3×10
-12

 

Effective Dose 2.5×10
-8

 1.6×10
-8

 7.9×10
-9

 5.6×10
-9

 4.0×10
-9

 4.2×10
-9

 3.5×10
-9

 4.4×10
-9

 

St – Stomach; SI – Small intestine; ULI – Upper large intestine; LLI – Lower large intestine;  611 
ET – Extrathoracic; GB – Gallbladder; HT – Heart,  ♂ – male, ♀ – female  612 

613 
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 614 
Table 3. Inhalation dose coefficients (Sv Bq

-1
) of 

214
Pb for “mixture” diameters as a function 615 

of age. 616 
 617 
Organs\Age 3 mo 1 y 5 y 10 y 15 y ♂ 15 y ♀ Adult ♂ Adult ♀ 

Adrenals 2.3×10
-10

 9.7×10
-11

 4.4×10
-11

 2.4×10
-11

 1.4×10
-11

 1.4×10
-11

 1.3×10
-11

 1.5×10
-11

 

Bladder wall 2.9×10
-10

 1.2×10
-10

 5.2×10
-11

 3.1×10
-11

 2.0×10
-11

 2.0×10
-11

 1.7×10
-11

 2.2×10
-11

 

Bone surfaces 3.6×10
-9

 1.3×10
-9

 7.5×10
-10

 5.6×10
-10

 4.8×10
-10

 4.8×10
-10

 1.7×10
-10

 2.3×10
-10

 

Brain 2.1×10
-10

 8.9×10
-11

 4.0×10
-11

 2.2×10
-11

 1.2×10
-11

 1.2×10
-11

 1.1×10
-11

 1.4×10
-11

 

Breasts 2.2×10
-10

 9.6×10
-11

 4.4×10
-11

 2.4×10
-11

 1.3×10
-11

 1.3×10
-11

 1.2×10
-11

 1.5×10
-11

 

St wall 2.7×10
-9

 8.6×10
-10

 3.5×10
-10

 1.9×10
-10

 1.1×10
-10

 1.2×10
-10

 9.3×10
-11

 1.0×10
-10

 

SI wall 1.3×10
-9

 5.3×10
-10

 2.2×10
-10

 1.3×10
-10

 6.3×10
-11

 6.4×10
-11

 5.3×10
-11

 5.8×10
-11

 

ULI wall 6.5×10
-10

 2.7×10
-10

 1.2×10
-10

 6.5×10
-11

 3.3×10
-11

 3.4×10
-11

 2.9×10
-11

 3.2×10
-11

 

LLI wall 2.6×10
-10

 1.1×10
-10

 4.8×10
-11

 2.6×10
-11

 1.4×10
-11

 1.4×10
-11

 1.3×10
-11

 1.6×10
-11

 

Kidneys 6.4×10
-9

 2.5×10
-9

 1.2×10
-9

 7.6×10
-10

 5.2×10
-10

 5.2×10
-10

 4.5×10
-10

 5.1×10
-10

 

Liver 6.0×10
-10

 2.9×10
-10

 1.3×10
-10

 7.6×10
-11

 4.4×10
-11

 4.5×10
-11

 4.1×10
-11

 5.2×10
-11

 

Lung 1.0×10
-6

 5.5×10
-7

 3.2×10
-7

 2.3×10
-7

 1.7×10
-7

 1.7×10
-7

 1.5×10
-7

 1.8×10
-7

 

ET 9.7×10
-7

 4.1×10
-7

 1.7×10
-7

 1.1×10
-7

 6.5×10
-8

 6.6×10
-8

 6.2×10
-8

 7.1×10
-8

 

Muscle 2.2×10
-10

 9.4×10
-11

 4.3×10
-11

 2.3×10
-11

 1.3×10
-11

 1.3×10
-11

 1.2×10
-11

 1.5×10
-11

 

Ovaries 2.2×10
-10

 9.5×10
-11

 4.3×10
-11

 2.4×10
-11

 - 1.3×10
-11

 - 1.5×10
-11

 

Pancreas 2.4×10
-10

 1.0×10
-10

 4.6×10
-11

 2.6×10
-11

 1.5×10
-11

 1.5×10
-11

 1.3×10
-11

 1.6×10
-11

 

Red marrow 6.3×10
-10

 1.7×10
-10

 7.5×10
-11

 5.2×10
-11

 4.0×10
-11

 4.0×10
-11

 2.4×10
-11

 2.8×10
-11

 

Skin 2.1×10
-10

 9.0×10
-11

 4.1×10
-11

 2.2×10
-11

 1.2×10
-11

 1.2×10
-11

 1.1×10
-11

 1.4×10
-11

 

Spleen 2.8×10
-10

 1.3×10
-10

 5.9×10
-11

 3.6×10
-11

 2.1×10
-11

 2.1×10
-11

 1.4×10
-11

 1.7×10
-11

 

Testes 2.1×10
-10

 8.9×10
-11

 4.0×10
-11

 2.1×10
-11

 1.2×10
-11

 - 1.1×10
-11

 - 

Thymus 2.4×10
-10

 1.0×10
-10

 4.6×10
-11

 2.5×10
-11

 1.4×10
-11

 1.4×10
-11

 1.3×10
-11

 1.6×10
-11

 

Thyroid 2.2×10
-10

 9.2×10
-11

 4.2×10
-11

 2.3×10
-11

 1.3×10
-11

 1.3×10
-11

 1.2×10
-11

 1.4×10
-11

 

GB wall 2.3×10
-10

 9.7×10
-11

 4.5×10
-11

 2.4×10
-11

 1.3×10
-11

 1.3×10
-11

 1.2×10
-11

 1.5×10
-11

 

HT wall 2.3×10
-10

 1.0×10
-10

 4.7×10
-11

 2.6×10
-11

 1.5×10
-11

 1.5×10
-11

 1.3×10
-11

 1.7×10
-11

 

Uterus 2.2×10
-10

 9.5×10
-11

 4.3×10
-11

 2.3×10
-11

 1.3×10
-11

 1.3×10
-11

 1.2×10
-11

 1.4×10
-11

 

Remainder 4.6×10
-7

 1.1×10
-8

 4.6×10
-9

 2.9×10
-9

 1.7×10
-9

 1.7×10
-9

 1.6×10
-9

 1.9×10
-9

 

Colon 4.8×10
-10

 2.0×10
-10

 8.6×10
-11

 4.8×10
-11

 2.5×10
-11

 2.5×10
-11

 2.2×10
-11

 2.5×10
-11

 

Effective Dose 1.5×10
-7

 6.7×10
-8

 3.9×10
-8

 2.8×10
-8

 2.1×10
-8

 2.1×10
-8

 1.8×10
-8

 2.2×10
-8

 

St – Stomach; SI – Small intestine; ULI – Upper large intestine; LLI – Lower large intestine;  618 
ET – Extrathoracic; GB – Gallbladder; HT – Heart,  ♂ – male, ♀ – female  619 

 620 
621 
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 622 
Table 4. Inhalation dose coefficients (Sv Bq

-1
) of 

214
Bi for “mixture” diameters as a function 623 

of age. 624 
 625 
Organs\Age 3 mo 1 y 5 y 10 y 15 y ♂ 15 y ♀ Adult ♂ Adult ♀ 

Adrenals 8.4×10
-11

 3.4×10
-11

 1.6×10
-11

 9.0×10
-12

 5.4×10
-12

 5.4×10
-12

 4.4×10
-12

 5.4×10
-12

 

Bladder wall 9.5×10
-11

 3.8×10
-11

 1.6×10
-11

 9.7×10
-12

 6.4×10
-12

 6.4×10
-12

 5.1×10
-12

 6.4×10
-12

 

Bone surfaces 1.7×10
-10

 8.1×10
-11

 5.3×10
-11

 2.9×10
-11

 7.7×10
-11

 7.7×10
-11

 2.8×10
-11

 3.7×10
-11

 

Brain 7.5×10
-11

 2.9×10
-11

 1.3×10
-11

 7.5×10
-12

 4.5×10
-12

 4.6×10
-12

 3.7×10
-12

 4.5×10
-12

 

Breasts 8.3×10
-11

 3.3×10
-11

 1.6×10
-11

 9.1×10
-12

 5.3×10
-12

 5.3×10
-12

 4.3×10
-12

 5.2×10
-12

 

St wall 1.8×10
-9

 5.5×10
-10

 2.3×10
-10

 1.2×10
-10

 7.4×10
-11

 7.5×10
-11

 5.9×10
-11

 6.5×10
-11

 

SI wall 4.6×10
-10

 1.8×10
-10

 7.6×10
-11

 4.3×10
-11

 2.2×10
-11

 2.2×10
-11

 1.8×10
-11

 2.0×10
-11

 

ULI wall 1.7×10
-10

 6.7×10
-11

 2.9×10
-11

 1.7×10
-11

 9.0×10
-12

 9.1×10
-12

 7.3×10
-12

 8.4×10
-12

 

LLI wall 8.2×10
-11

 3.2×10
-11

 1.4×10
-11

 8.1×10
-12

 4.7×10
-12

 4.8×10
-12

 3.8×10
-12

 4.6×10
-12

 

Kidneys 4.2×10
-9

 1.6×10
-9

 7.8×10
-10

 4.9×10
-10

 3.4×10
-10

 3.5×10
-10

 2.8×10
-10

 3.2×10
-10

 

Liver 1.0×10
-10

 4.8×10
-11

 2.2×10
-11

 1.3×10
-11

 8.8×10
-12

 8.9×10
-12

 5.3×10
-12

 6.7×10
-12

 

Lung 8.4×10
-7

 4.5×10
-7

 2.6×10
-7

 1.8×10
-7

 1.4×10
-7

 1.4×10
-7

 1.2×10
-7

 1.4×10
-7

 

ET 1.9×10
-6

 8.1×10
-7

 3.4×10
-7

 2.1×10
-7

 1.3×10
-7

 1.3×10
-7

 1.2×10
-7

 1.4×10
-7

 

Muscle 8.2×10
-11

 3.2×10
-11

 1.5×10
-11

 8.3×10
-12

 5.0×10
-12

 5.0×10
-12

 4.0×10
-12

 4.9×10
-12

 

Ovaries 7.9×10
-11

 3.1×10
-11

 1.4×10
-11

 7.9×10
-12

 - 4.6×10
-12

 - 4.6×10
-12

 

Pancreas 8.9×10
-11

 3.6×10
-11

 1.7×10
-11

 9.8×10
-12

 5.9×10
-12

 6.0×10
-12

 4.8×10
-12

 5.9×10
-12

 

Red marrow 9.6×10
-11

 4.0×10
-11

 1.8×10
-11

 1.0×10
-11

 9.1×10
-12

 9.1×10
-12

 5.6×10
-12

 6.6×10
-12

 

Skin 7.6×10
-11

 3.0×10
-11

 1.3×10
-11

 7.6×10
-12

 4.5×10
-12

 4.5×10
-12

 3.7×10
-12

 4.5×10
-12

 

Spleen 1.5×10
-10

 6.8×10
-11

 3.2×10
-11

 1.9×10
-11

 1.3×10
-11

 1.3×10
-11

 6.6×10
-12

 8.0×10
-12

 

Testes 7.4×10
-11

 2.8×10
-11

 1.3×10
-11

 7.1×10
-12

 4.2×10
-12

 - 3.4×10
-12

 - 

Thymus 9.6×10
-11

 3.9×10
-11

 1.7×10
-11

 1.0×10
-11

 5.8×10
-12

 5.8×10
-12

 4.7×10
-12

 5.8×10
-12

 

Thyroid 7.8×10
-11

 3.1×10
-11

 1.4×10
-11

 8.1×10
-12

 4.9×10
-12

 4.9×10
-12

 4.0×10
-12

 4.8×10
-12

 

GB wall 8.5×10
-11

 3.3×10
-11

 1.5×10
-11

 8.6×10
-12

 4.9×10
-12

 4.9×10
-12

 4.0×10
-12

 4.8×10
-12

 

HT wall 9.0×10
-11

 3.7×10
-11

 1.7×10
-11

 1.0×10
-11

 6.3×10
-12

 6.3×10
-12

 5.0×10
-12

 6.3×10
-12

 

Uterus 7.8×10
-11

 3.1×10
-11

 1.4×10
-11

 7.8×10
-12

 4.6×10
-12

 4.6×10
-12

 3.7×10
-12

 4.5×10
-12

 

Remainder 9.1×10
-7

 3.9×10
-7

 1.6×10
-7

 1.0×10
-7

 3.2×10
-8

 3.2×10
-8

 5.8×10
-8

 3.4×10
-8

 

Colon 1.3×10
-10

 5.2×10
-11

 2.3×10
-11

 1.3×10
-11

 7.2×10
-12

 7.2×10
-12

 5.8×10
-12

 6.8×10
-12

 

Effective Dose 1.5×10
-7

 7.3×10
-8

 4.0×10
-8

 2.7×10
-8

 1.8×10
-8

 1.8×10
-8

 1.7×10
-8

 1.9×10
-8

 

St – Stomach; SI – Small intestine; ULI – Upper large intestine; LLI – Lower large intestine;  626 
ET – Extrathoracic; GB – Gallbladder; HT – Heart,  ♂ – male, ♀ – female  627 

 628 
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 630 
Table 5. Inhalation dose coefficients (Sv Bq

-1
) of 

214
Po for “mixture” diameters as a function 631 

of age. 632 
 633 
Organs\Age 3 mo 1 y 5 y 10 y 15 y ♂ 15 y ♀ Adult ♂ Adult ♀ 

Adrenals 3.7×10
-19

 1.8×10
-19

 8.2×10
-20

 5.2×10
-20

 3.4×10
-20

 3.4×10
-20

 2.7×10
-20

 1.6×10
-20

 

Bladder wall 3.7×10
-19

 1.8×10
-19

 8.2×10
-20

 5.2×10
-20

 3.4×10
-20

 3.4×10
-20

 2.8×10
-20

 1.6×10
-20

 

Bone surfaces 1.3×10
-17

 7.1×10
-18

 5.5×10
-18

 6.9×10
-18

 9.9×10
-18

 9.9×10
-18

 9.0×10
-18

 4.5×10
-18

 

Brain 3.7×10
-19

 1.8×10
-19

 8.2×10
-20

 5.2×10
-20

 3.4×10
-20

 3.4×10
-20

 2.7×10
-20

 1.6×10
-20

 

Breasts 3.7×10
-19

 1.8×10
-19

 8.2×10
-20

 5.2×10
-20

 3.4×10
-20

 3.4×10
-20

 2.7×10
-20

 1.6×10
-20

 

St wall 3.7×10
-19

 1.8×10
-19

 8.2×10
-20

 5.2×10
-20

 3.4×10
-20

 3.4×10
-20

 2.7×10
-20

 1.6×10
-20

 

SI wall 3.7×10
-19

 1.8×10
-19

 8.2×10
-20

 5.2×10
-20

 3.4×10
-20

 3.4×10
-20

 2.7×10
-20

 1.6×10
-20

 

ULI wall 3.8×10
-19

 1.9×10
-19

 8.4×10
-20

 5.3×10
-20

 3.5×10
-20

 3.5×10
-20

 2.8×10
-20

 1.7×10
-20

 

LLI wall 3.9×10
-19

 2.0×10
-19

 8.8×10
-20

 5.5×10
-20

 3.6×10
-20

 3.6×10
-20

 2.9×10
-20

 1.7×10
-20

 

Kidneys 1.1×10
-17

 5.5×10
-18

 2.7×10
-18

 1.9×10
-18

 1.5×10
-18

 1.5×10
-18

 1.2×10
-18

 6.6×10
-19

 

Liver 6.2×10
-18

 3.3×10
-18

 1.5×10
-18

 1.0×10
-18

 7.3×10
-19

 7.3×10
-19

 5.7×10
-19

 3.7×10
-19

 

Lung 1.2×10
-13

 6.6×10
-14

 3.8×10
-14

 2.7×10
-14

 2.0×10
-14

 2.0×10
-14

 1.7×10
-14

 2.1×10
-14

 

ET 7.1×10
-13

 3.1×10
-13

 1.3×10
-13

 8.0×10
-14

 4.7×10
-14

 4.8×10
-14

 4.5×10
-14

 5.2×10
-14

 

Muscle 3.7×10
-19

 1.8×10
-19

 8.2×10
-20

 5.2×10
-20

 3.4×10
-20

 3.4×10
-20

 2.7×10
-20

 1.6×10
-20

 

Ovaries 3.7×10
-19

 1.8×10
-19

 8.2×10
-20

 5.2×10
-20

 - 3.4×10
-20

 2.7×10
-20

 - 

Pancreas 3.7×10
-19

 1.8×10
-19

 8.2×10
-20

 5.2×10
-20

 3.4×10
-20

 3.4×10
-20

 2.7×10
-20

 1.6×10
-20

 

Red marrow 5.8×10
-18

 2.5×10
-18

 1.2×10
-18

 8.8×10
-19

 7.5×10
-19

 7.5×10
-19

 5.6×10
-19

 4.2×10
-19

 

Skin 3.7×10
-19

 1.8×10
-19

 8.2×10
-20

 5.2×10
-20

 3.4×10
-20

 3.4×10
-20

 2.7×10
-20

 1.6×10
-20

 

Spleen 1.2×10
-17

 5.8×10
-18

 2.8×10
-18

 1.8×10
-18

 1.3×10
-18

 1.3×10
-18

 8.9×10
-19

 5.1×10
-19

 

Testes 3.7×10
-19

 1.8×10
-19

 8.2×10
-20

 5.2×10
-20

 3.4×10
-20

 - 2.7×10
-20

 - 

Thymus 3.7×10
-19

 1.8×10
-19

 8.2×10
-20

 5.2×10
-20

 3.4×10
-20

 3.4×10
-20

 2.7×10
-20

 1.6×10
-20

 

Thyroid 3.7×10
-19

 1.8×10
-19

 8.2×10
-20

 5.2×10
-20

 3.4×10
-20

 3.4×10
-20

 2.7×10
-20

 1.6×10
-20

 

GB wall 3.7×10
-19

 1.8×10
-19

 8.2×10
-20

 5.2×10
-20

 3.4×10
-20

 3.4×10
-20

 2.7×10
-20

 1.6×10
-20

 

HT wall 3.7×10
-19

 1.8×10
-19

 8.2×10
-20

 5.2×10
-20

 3.4×10
-20

 3.4×10
-20

 2.7×10
-20

 1.6×10
-20

 

Uterus 3.7×10
-19

 1.8×10
-19

 8.2×10
-20

 5.2×10
-20

 3.4×10
-20

 3.4×10
-20

 2.7×10
-20

 1.6×10
-20

 

Remainder 3.4×10
-13

 1.5×10
-13

 6.1×10
-14

 3.8×10
-14

 2.3×10
-14

 2.3×10
-14

 2.2×10
-14

 2.4×10
-14

 

Colon 3.8×10
-19

 1.9×10
-19

 8.6×10
-20

 5.4×10
-20

 3.5×10
-20

 3.5×10
-20

 2.8×10
-20

 1.7×10
-20

 

Effective Dose 3.2×10
-14

 1.5×10
-14

 7.6×10
-15

 5.2×10
-15

 3.5×10
-15

 3.6×10
-15

 3.1×10
-15

 3.8×10
-15

 

St – Stomach; SI – Small intestine; ULI – Upper large intestine; LLI – Lower large intestine;  634 
ET – Extrathoracic; GB – Gallbladder; HT – Heart,  ♂ – male, ♀ – female  635 

636 
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 637 
Table 6 638 
 639 

Isotopes Diameter 
Effective dose Sv Bq

-1
 

15 y ♂ 15 y ♀ average Adult ♂ Adult ♀ average 

218
Po 

1nm 1.1×10
-8

 1.2×10
-8

 1.2×10
-8

 1.2×10
-8

 1.3×10
-8

 1.2×10
-8

 

50nm 6.1×10
-9

 6.3×10
-9

 6.2×10
-9

 5.5×10
-9

 6.5×10
-9

 6.0×10
-9

 

230nm 2.7×10
-9

 2.8×10
-9

 2.7×10
-9

 2.1×10
-9

 2.9×10
-9

 2.5×10
-9

 

2500nm 3.7×10
-9

 3.7×10
-9

 3.7×10
-9

 3.3×10
-9

 3.6×10
-9

 3.5×10
-9

 

214
Pb 

1nm 6.7×10
-8

 6.7×10
-8

 6.7×10
-8

 6.3×10
-8

 6.8×10
-8

 6.5×10
-8

 

50nm 2.9×10
-8

 3.0×10
-8

 2.9×10
-8

 2.6×10
-8

 3.1×10
-8

 2.8×10
-8

 

230nm 1.3×10
-8

 1.3×10
-8

 1.3×10
-8

 1.0×10
-8

 1.4×10
-8

 1.2×10
-8

 

2500nm 2.0×10
-8

 2.0×10
-8

 2.0×10
-8

 1.8×10
-8

 2.0×10
-8

 1.9×10
-8

 

214
Bi 

1nm 7.0×10
-8

 7.0×10
-8

 7.0×10
-8

 6.5×10
-8

 7.2×10
-8

 6.9×10
-8

 

50nm 2.2×10
-8

 2.3×10
-8

 2.3×10
-8

 2.0×10
-8

 2.4×10
-8

 2.2×10
-8

 

230nm 1.0×10
-8

 1.0×10
-8

 1.0×10
-8

 9.9×10
-9

 1.1×10
-8

 1.0×10
-8

 

2500nm 2.3×10
-8

 2.3×10
-8

 2.3×10
-8

 2.0×10
-8

 2.3×10
-8

 2.2×10
-8

 

214
Po 

1nm 1.4×10
-14

 1.4×10
-14

 1.4×10
-14

 1.3×10
-14

 1.4×10
-14

 1.3×10
-14

 

50nm 3.2×10
-15

 3.3×10
-15

 3.3×10
-15

 2.9×10
-15

 3.4×10
-15

 3.1×10
-15

 

230nm 2.2×10
-15

 2.2×10
-15

 2.2×10
-15

 1.9×10
-15

 2.4×10
-15

 2.1×10
-15

 

2500nm 5.6×10
-15

 5.6×10
-15

 5.6×10
-15

 5.2×10
-15

 5.8×10
-15

 5.5×10
-15

 

 640 
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 642 
Table 7. Dose coefficients (Sv Bq

-1
) calculated in the present work and comparison to the 643 

results by Kendall and Smith (2002; 2005)  644 
Dose coefficient 

 
218

Po
 214

Pb
 214

Bi
 

 

Kendall 

and Smith 

Present 

work 

Differences 
% 

Kendall 

and Smith 

Present 

work 

Differences 
% 

Kendall 

and Smith 

Present 

work 

Differences 
% 

 

1 year old 

Lung 1.1×10
-7

 1.1×10
-7

 0 5.4×10
-7

 5.5×10
-7

 2 4.3×10
-7

 4.5×10
-7

 4 

ET 4.0×10
-8

 5.7×10
-8

 30 2.9×10
-7

 4.1×10
-7

 29 5.5×10
-7

 8.1×10
-7

 32 

Effective Dose 1.4×10
-8

 1.6×10
-8

 13 6.9×10
-8

 6.7×10
-8

 -3 5.8×10
-8

 7.3×10
-8

 21 

 

10 year old 

Lung 4.0×10
-8

 4.7×10
-8

 15 2.0×10
-7

 2.3×10
-7

 13 1.6×10
-7

 1.8×10
-7

 11 

ET 1.2×10
-8

 1.5×10
-8

 20 8.3×10
-8

 1.1×10
-7

 25 1.6×10
-7

 2.1×10
-7

 24 

Effective Dose 4.9×10
-9

 5.6×10
-9

 13 2.4×10
-8

 2.8×10
-8

 14 2.1×10
-8

 2.7×10
-8

 22 

 

Adult Male 

Lung 2.7×10
-8

 2.9×10
-8

 7 1.3×10
-7

 1.5×10
-7

 13 1.1×10
-7

 1.2×10
-7

 8 

ET 6.7×10
-9

 8.7×10
-9

 23 4.8×10
-8

 6.2×10
-8

 23 9.3×10
-8

 1.2×10
-7

 23 

Effective Dose 3.3×10
-9

 3.6×10
-9

 8 1.6×10
-8

 1.8×10
-8

 11 1.4×10
-8

 1.7×10
-8

 18 

 645 

646 



32 

 

 647 
Table 8. Contribution to effective dose from short-lived radon decay products 648 
 649 

Diameter Isotopes 
Contribution (%) to effective dose from short-lived radon decay products 

3 mo 1 y 5 y 10 y 15 y ♂ 15 y ♀ Adult ♂ Adult ♀ 

1nm 

218Po 7.2 7.7 8.1 8.1 7.4 8.1 8.6 8.5 
214Pb 44.1 41.8 44.1 44.4 45.3 45.0 45.0 44.4 
214Bi 48.6 50.5 47.8 47.5 47.3 47.0 46.4 47.1 
214Po <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 

50nm 

218Po 10.4 8.0 10.9 10.7 10.7 10.6 10.7 10.6 
214Pb 50.8 61.8 49.6 50.3 50.8 50.6 50.5 50.4 
214Bi 38.7 30.2 39.5 39.0 38.5 38.8 38.8 39.0 
214Po <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 

230nm 

218Po 8.3 8.8 9.3 9.3 10.5 10.9 9.5 10.4 
214Pb 45.9 42.2 44.5 45.3 50.6 50.4 45.5 50.2 
214Bi 45.9 48.9 46.3 45.3 38.9 38.8 45.0 39.4 
214Po <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 

2500nm 

218Po 5.7 6.2 6.9 7.5 7.5 7.5 7.5 7.3 
214Pb 37.0 37.9 40.3 41.9 43.0 43.0 43.8 43.1 
214Bi 57.2 55.8 52.8 50.6 49.5 49.5 48.7 49.6 
214Po <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 

 650 

651 
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 652 
Table 9. Dose conversion factor of indoor radon progeny for adults 653 

 654 
655 

Dose conversion coefficient 

(mSv WLM
-1

) 

Dose conversion coefficient 

(nSv (J m
-3

 h)
-1

) 

Reference 

18 64 Present study 

6 – 8 21 – 28 Jacobi and Eisfeld 1980 

6 21 ICRP 1987 

4 – 5 14 – 18 ICRP 1993 

13 46 Birchall and James 1994 

15 53 Marsh and Birchall 2000 

8 28 Porstendörfer 2001 

7 25 Yu et al. 2001a 

12 and 8 42 and 28 Yu et al. 2001b 

15 53 Marsh et al. 2002 

20 71 James 2004 

13 46 Marsh et al. 2005 

15 53 Mohamed 2005 

15 53 Lau et al. 2006 

15 53 Nikezic et al. 2006 

6 21 UNSCEAR 2008 

6 – 20 21 – 71 Marsh et al. 2010 

15 53 Al Jundi et al. 2011 
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 656 
Table A1. Inhalation dose coefficients (Sv Bq

-1
) of 

218
Po for 1 nm AMTD as a function of 657 

age. 658 
 659 
Organs\Age 3 mo 1 y 5 y 10 y 15 y ♂ 15 y ♀ Adult ♂ Adult ♀ 

Adrenals 3.9×10
-11

 1.8×10
-11

 8.4×10
-12

 5.0×10
-12

 2.6×10
-12

 2.8×10
-12

 2.6×10
-12

 3.1×10
-12

 

Bladder wall 4.8×10
-11

 2.2×10
-11

 9.7×10
-12

 6.1×10
-12

 3.6×10
-12

 3.9×10
-12

 3.5×10
-12

 4.2×10
-12

 

Bone surfaces 6.9×10
-10

 2.5×10
-10

 1.5×10
-10

 1.2×10
-10

 9.1×10
-11

 9.7×10
-11

 3.7×10
-11

 4.8×10
-11

 

Brain 3.7×10
-11

 1.7×10
-11

 7.8×10
-12

 4.6×10
-12

 2.5×10
-12

 2.7×10
-12

 2.5×10
-12

 2.9×10
-12

 

Breasts 3.8×10
-11

 1.8×10
-11

 8.3×10
-12

 4.8×10
-12

 2.5×10
-12

 2.7×10
-12

 2.5×10
-12

 3.0×10
-12

 

St wall 1.2×10
-9

 3.6×10
-10

 1.7×10
-10

 9.7×10
-11

 6.6×10
-11

 6.6×10
-11

 5.2×10
-11

 5.7×10
-11

 

SI wall 4.9×10
-10

 1.9×10
-10

 9.3×10
-11

 5.5×10
-11

 3.1×10
-11

 3.1×10
-11

 2.5×10
-11

 2.7×10
-11

 

ULI wall 2.1×10
-10

 8.6×10
-11

 4.2×10
-11

 2.5×10
-11

 1.4×10
-11

 1.4×10
-11

 1.2×10
-11

 1.3×10
-11

 

LLI wall 5.5×10
-11

 2.4×10
-11

 1.1×10
-11

 6.7×10
-12

 3.7×10
-12

 3.8×10
-12

 3.4×10
-12

 3.9×10
-12

 

Kidneys 8.8×10
-10

 3.5×10
-10

 1.9×10
-10

 1.3×10
-10

 8.0×10
-11

 8.7×10
-11

 7.6×10
-11

 8.4×10
-11

 

Liver 1.0×10
-10

 4.8×10
-11

 2.4×10
-11

 1.5×10
-11

 8.3×10
-12

 8.8×10
-12

 8.3×10
-12

 1.0×10
-11

 

Lung 4.6×10
-7

 2.9×10
-7

 1.8×10
-7

 1.4×10
-7

 9.1×10
-8

 1.0×10
-7

 9.8×10
-8

 1.1×10
-7

 

ET 4.6×10
-7

 1.9×10
-7

 9.4×10
-8

 6.1×10
-8

 4.1×10
-8

 4.1×10
-8

 3.8×10
-8

 4.4×10
-8

 

Muscle 4.0×10
-11

 1.9×10
-11

 8.5×10
-12

 5.0×10
-12

 2.7×10
-12

 2.8×10
-12

 2.6×10
-12

 3.1×10
-12

 

Ovaries 4.2×10
-11

 1.9×10
-11

 9.1×10
-12

 5.4×10
-12

 - 3.1×10
-12

 - 3.4×10
-12

 

Pancreas 4.3×10
-11

 2.0×10
-11

 9.6×10
-12

 5.8×10
-12

 3.2×10
-12

 3.4×10
-12

 3.1×10
-12

 3.7×10
-12

 

Red marrow 1.2×10
-10

 3.1×10
-11

 1.5×10
-11

 1.1×10
-11

 7.9×10
-12

 8.3×10
-12

 5.0×10
-12

 5.8×10
-12

 

Skin 3.7×10
-11

 1.7×10
-11

 7.9×10
-12

 4.6×10
-12

 2.4×10
-12

 2.6×10
-12

 2.4×10
-12

 2.9×10
-12

 

Spleen 4.6×10
-11

 1.9×10
-11

 1.0×10
-11

 6.7×10
-12

 3.9×10
-12

 4.1×10
-12

 2.8×10
-12

 3.3×10
-12

 

Testes 3.7×10
-11

 1.7×10
-11

 7.7×10
-12

 4.4×10
-12

 2.3×10
-12

 - 2.3×10
-12

 - 

Thymus 4.5×10
-11

 2.1×10
-11

 9.4×10
-12

 5.4×10
-12

 2.8×10
-12

 2.9×10
-12

 2.7×10
-12

 3.2×10
-12

 

Thyroid 3.7×10
-11

 1.7×10
-11

 8.0×10
-12

 4.7×10
-12

 2.5×10
-12

 2.7×10
-12

 2.5×10
-12

 3.0×10
-12

 

GB wall 4.3×10
-11

 2.0×10
-11

 9.5×10
-12

 5.5×10
-12

 2.8×10
-12

 3.0×10
-12

 2.7×10
-12

 3.3×10
-12

 

HT wall 4.0×10
-11

 1.9×10
-11

 8.8×10
-12

 5.1×10
-12

 2.7×10
-12

 2.9×10
-12

 2.7×10
-12

 3.2×10
-12

 

Uterus 4.1×10
-11

 1.9×10
-11

 8.9×10
-12

 5.3×10
-12

 2.8×10
-12

 3.0×10
-12

 2.7×10
-12

 3.3×10
-12

 

Remainder 3.5×10
-10

 1.4×10
-10

 7.6×10
-11

 4.1×10
-11

 2.5×10
-11

 2.5×10
-11

 2.3×10
-11

 3.4×10
-11

 

Colon 1.4×10
-10

 6.0×10
-11

 2.9×10
-11

 1.7×10
-11

 9.5×10
-12

 9.7×10
-12

 8.1×10
-12

 8.9×10
-12

 

Effective Dose 5.6×10
-8

 3.5×10
-8

 2.2×10
-8

 1.6×10
-8

 1.1×10
-8

 1.2×10
-8

 1.2×10
-8

 1.3×10
-8

 

St – Stomach; SI – Small intestine; ULI – Upper large intestine; LLI – Lower large intestine;  660 
ET – Extrathoracic; GB – Gallbladder; HT – Heart, ♂ – male, ♀ – female  661 

 662 
663 
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 664 
Table A2. Inhalation dose coefficients (Sv Bq

-1
) of 

218
Po for 50 nm AMAD diameter as a 665 

function of age. 666 
 667 
Organs\Age 3 mo 1 y 5 y 10 y 15 y ♂ 15 y ♀ Adult ♂ Adult ♀ 

Adrenals 4.9×10
-11

 2.0×10
-11

 8.9×10
-12

 5.0×10
-12

 2.8×10
-12

 2.8×10
-12

 1.0×10
-12

 3.2×10
-12

 

Bladder wall 6.1×10
-11

 2.4×10
-11

 1.0×10
-11

 6.3×10
-12

 4.0×10
-12

 4.0×10
-12

 2.0×10
-12

 4.5×10
-12

 

Bone surfaces 6.8×10
-10

 2.5×10
-10

 1.4×10
-10

 1.1×10
-10

 8.6×10
-11

 8.5×10
-11

 3.3×10
-11

 4.5×10
-11

 

Brain 4.6×10
-11

 1.8×10
-11

 8.1×10
-12

 4.5×10
-12

 2.5×10
-12

 2.5×10
-12

 7.5×10
-13

 2.8×10
-12

 

Breasts 4.8×10
-11

 1.9×10
-11

 8.9×10
-12

 5.1×10
-12

 2.8×10
-12

 2.8×10
-12

 1.0×10
-12

 3.1×10
-12

 

St wall 1.6×10
-10

 5.0×10
-11

 2.3×10
-11

 1.3×10
-11

 8.4×10
-12

 8.4×10
-12

 5.3×10
-12

 7.9×10
-12

 

SI wall 8.9×10
-11

 3.4×10
-11

 1.6×10
-11

 9.2×10
-12

 5.0×10
-12

 5.1×10
-12

 2.7×10
-12

 5.0×10
-12

 

ULI wall 6.6×10
-11

 2.6×10
-11

 1.2×10
-11

 6.8×10
-12

 3.7×10
-12

 3.7×10
-12

 1.7×10
-12

 3.9×10
-12

 

LLI wall 4.8×10
-11

 1.9×10
-11

 8.5×10
-12

 4.8×10
-12

 2.6×10
-12

 2.6×10
-12

 8.4×10
-13

 2.9×10
-12

 

Kidneys 1.2×10
-9

 4.9×10
-10

 2.4×10
-10

 1.5×10
-10

 1.0×10
-10

 1.0×10
-10

 9.0×10
-11

 1.0×10
-10

 

Liver 1.1×10
-10

 5.5×10
-11

 2.5×10
-11

 1.5×10
-11

 8.8×10
-12

 8.8×10
-12

 6.7×10
-12

 1.0×10
-11

 

Lung 3.6×10
-7

 1.9×10
-7

 1.1×10
-7

 7.1×10
-8

 5.1×10
-8

 5.3×10
-8

 4.6×10
-8

 5.4×10
-8

 

ET 4.4×10
-8

 1.7×10
-8

 8.6×10
-9

 5.5×10
-9

 3.7×10
-9

 3.7×10
-9

 3.4×10
-9

 4.0×10
-9

 

Muscle 4.7×10
-11

 1.9×10
-11

 8.4×10
-12

 4.7×10
-12

 2.6×10
-12

 2.6×10
-12

 8.5×10
-13

 3.0×10
-12

 

Ovaries 4.7×10
-11

 1.8×10
-11

 8.3×10
-12

 4.6×10
-12

 - 2.5×10
-12

 - 2.9×10
-12

 

Pancreas 4.9×10
-11

 2.0×10
-11

 8.8×10
-12

 5.0×10
-12

 2.8×10
-12

 2.8×10
-12

 1.0×10
-12

 3.1×10
-12

 

Red marrow 1.2×10
-10

 3.3×10
-11

 1.5×10
-11

 1.0×10
-11

 7.6×10
-12

 7.5×10
-12

 3.2×10
-12

 5.6×10
-12

 

Skin 4.6×10
-11

 1.8×10
-11

 8.2×10
-12

 4.6×10
-12

 2.5×10
-12

 2.5×10
-12

 7.8×10
-13

 2.9×10
-12

 

Spleen 3.5×10
-11

 2.5×10
-11

 1.2×10
-11

 7.2×10
-12

 4.3×10
-12

 4.3×10
-12

 6.3×10
-10

 3.4×10
-12

 

Testes 4.6×10
-11

 1.8×10
-11

 8.1×10
-12

 4.5×10
-12

 2.5×10
-12

 - 7.2×10
-13

 - 

Thymus 4.9×10
-11

 2.0×10
-11

 8.9×10
-12

 5.1×10
-12

 2.9×10
-12

 2.9×10
-12

 1.1×10
-12

 3.2×10
-12

 

Thyroid 4.7×10
-11

 1.9×10
-11

 8.4×10
-12

 4.7×10
-12

 2.6×10
-12

 2.6×10
-12

 8.4×10
-13

 2.9×10
-12

 

GB wall 4.8×10
-11

 1.9×10
-11

 8.5×10
-12

 4.8×10
-12

 2.6×10
-12

 2.6×10
-12

 8.6×10
-13

 3.0×10
-12

 

HT wall 5.0×10
-11

 2.0×10
-11

 9.4×10
-12

 5.4×10
-12

 3.1×10
-12

 3.1×10
-12

 1.2×10
-12

 3.4×10
-12

 

Uterus 4.7×10
-11

 1.8×10
-11

 8.3×10
-12

 4.6×10
-12

 2.5×10
-12

 2.5×10
-12

 7.7×10
-13

 2.9×10
-12

 

Remainder 9.8×10
-11

 3.8×10
-11

 1.8×10
-11

 9.8×10
-12

 5.5×10
-12

 5.5×10
-12

 7.2×10
-12

 7.1×10
-12

 

Colon 5.8×10
-11

 2.3×10
-11

 1.0×10
-11

 5.9×10
-12

 3.3×10
-12

 3.3×10
-12

 1.4×10
-12

 3.5×10
-12

 

Effective Dose 4.3×10
-8

 2.2×10
-8

 1.3×10
-8

 8.5×10
-9

 6.1×10
-9

 6.3×10
-9

 5.5×10
-9

 6.5×10
-9

 

St – Stomach; SI – Small intestine; ULI – Upper large intestine; LLI – Lower large intestine;  668 
ET – Extrathoracic; GB – Gallbladder; HT – Heart, ♂ – male, ♀ – female  669 

670 
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 671 
Table A3. Inhalation dose coefficients (Sv Bq

-1
) of 

218
Po for 230 nm AMAD diameter as a 672 

function of age. 673 
 674 
Organs\Age 3 mo 1 y 5 y 10 y 15 y ♂ 15 y ♀ Adult ♂ Adult ♀ 

Adrenals 2.7×10
-11

 1.1×10
-11

 5.0×10
-12

 2.6×10
-12

 1.5×10
-12

 1.5×10
-12

 1.3×10
-12

 1.7×10
-12

 

Bladder wall 3.3×10
-11

 1.4×10
-11

 5.7×10
-12

 3.3×10
-12

 2.1×10
-12

 2.1×10
-12

 1.8×10
-12

 2.4×10
-12

 

Bone surfaces 4.0×10
-10

 1.5×10
-10

 8.0×10
-11

 5.8×10
-11

 4.6×10
-11

 4.7×10
-11

 1.8×10
-11

 2.4×10
-11

 

Brain 2.5×10
-11

 1.0×10
-11

 4.5×10
-12

 2.4×10
-12

 1.3×10
-12

 1.3×10
-12

 1.2×10
-12

 1.5×10
-12

 

Breasts 2.6×10
-11

 1.1×10
-11

 4.9×10
-12

 2.6×10
-12

 1.4×10
-12

 1.5×10
-12

 1.3×10
-12

 1.6×10
-12

 

St wall 3.0×10
-10

 9.7×10
-11

 3.6×10
-11

 1.9×10
-11

 9.9×10
-12

 1.0×10
-11

 8.3×10
-12

 9.1×10
-12

 

SI wall 1.3×10
-10

 5.4×10
-11

 2.1×10
-11

 1.1×10
-11

 5.1×10
-12

 5.2×10
-12

 4.5×10
-12

 4.9×10
-12

 

ULI wall 6.7×10
-11

 2.8×10
-11

 1.1×10
-11

 6.1×10
-12

 2.9×10
-12

 3.0×10
-12

 2.6×10
-12

 2.9×10
-12

 

LLI wall 2.9×10
-11

 1.2×10
-11

 5.2×10
-12

 2.8×10
-12

 1.5×10
-12

 1.5×10
-12

 1.4×10
-12

 1.6×10
-12

 

Kidneys 6.8×10
-10

 2.6×10
-10

 1.3×10
-10

 7.6×10
-11

 5.2×10
-11

 5.3×10
-11

 4.5×10
-11

 5.2×10
-11

 

Liver 6.7×10
-11

 3.2×10
-11

 1.4×10
-11

 8.0×10
-12

 4.6×10
-12

 4.7×10
-12

 4.2×10
-12

 5.5×10
-12

 

Lung 1.5×10
-7

 7.6×10
-8

 4.4×10
-8

 3.1×10
-8

 2.2×10
-8

 2.3×10
-8

 1.8×10
-8

 2.4×10
-8

 

ET 1.0×10
-7

 4.4×10
-8

 1.7×10
-8

 1.0×10
-8

 5.4×10
-9

 5.5×10
-9

 5.2×10
-9

 6.0×10
-9

 

Muscle 2.6×10
-11

 1.1×10
-11

 4.8×10
-12

 2.5×10
-12

 1.4×10
-12

 1.4×10
-12

 1.3×10
-12

 1.6×10
-12

 

Ovaries 2.6×10
-11

 1.1×10
-11

 4.8×10
-12

 2.5×10
-12

 - 1.4×10
-12

 - 1.6×10
-12

 

Pancreas 2.7×10
-11

 1.2×10
-11

 5.1×10
-12

 2.7×10
-12

 1.5×10
-12

 1.5×10
-12

 1.4×10
-12

 1.7×10
-12

 

Red marrow 7.2×10
-11

 1.9×10
-11

 8.2×10
-12

 5.5×10
-12

 4.0×10
-12

 4.1×10
-12

 2.5×10
-12

 3.0×10
-12

 

Skin 2.5×10
-11

 1.0×10
-11

 4.6×10
-12

 2.4×10
-12

 1.3×10
-12

 1.3×10
-12

 1.2×10
-12

 1.5×10
-12

 

Spleen 3.2×10
-11

 1.4×10
-11

 6.4×10
-12

 3.8×10
-12

 2.3×10
-12

 2.3×10
-12

 1.5×10
-12

 1.8×10
-12

 

Testes 2.5×10
-11

 1.0×10
-11

 4.5×10
-12

 2.4×10
-12

 1.3×10
-12

 - 1.2×10
-12

 - 

Thymus 2.7×10
-11

 1.2×10
-11

 5.1×10
-12

 2.7×10
-12

 1.5×10
-12

 1.5×10
-12

 1.4×10
-12

 1.7×10
-12

 

Thyroid 2.5×10
-11

 1.1×10
-11

 4.7×10
-12

 2.5×10
-12

 1.4×10
-12

 1.4×10
-12

 1.3×10
-12

 1.6×10
-12

 

GB wall 2.7×10
-11

 1.1×10
-11

 4.9×10
-12

 2.6×10
-12

 1.4×10
-12

 1.4×10
-12

 1.3×10
-12

 1.6×10
-12

 

HT wall 2.7×10
-11

 1.2×10
-11

 5.2×10
-12

 2.8×10
-12

 1.6×10
-12

 1.6×10
-12

 1.4×10
-12

 1.8×10
-12

 

Uterus 2.6×10
-11

 1.1×10
-11

 4.8×10
-12

 2.5×10
-12

 1.4×10
-12

 1.4×10
-12

 1.3×10
-12

 1.6×10
-12

 

Remainder 1.0×10
-10

 4.2×10
-11

 1.8×10
-11

 9.2×10
-12

 4.6×10
-12

 4.7×10
-12

 4.2×10
-12

 6.3×10
-12

 

Colon 5.1×10
-11

 2.1×10
-11

 8.7×10
-12

 4.7×10
-12

 2.3×10
-12

 2.4×10
-12

 2.1×10
-12

 2.4×10
-12

 

Effective Dose 1.8×10
-8

 1.2×10
-8

 5.2×10
-9

 3.7×10
-9

 2.7×10
-9

 2.8×10
-9

 2.1×10
-9

 2.9×10
-9

 

St – Stomach; SI – Small intestine; ULI – Upper large intestine; LLI – Lower large intestine;  675 
ET – Extrathoracic; GB – Gallbladder; HT – Heart, ♂ – male, ♀ – female  676 

677 
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 678 
Table A4. Inhalation dose coefficients (Sv Bq

-1
) of 

218
Po for 2500 nm AMAD diameter as a 679 

function of age. 680 
 681 
Organs\Age 3 mo 1 y 5 y 10 y 15 y ♂ 15 y ♀ Adult ♂ Adult ♀ 

Adrenals 3.1×10
-11

 1.4×10
-11

 6.8×10
-12

 4.0×10
-12

 2.3×10
-12

 2.3×10
-12

 2.1×10
-12

 2.5×10
-12

 

Bladder wall 3.9×10
-11

 1.6×10
-11

 7.8×10
-12

 5.0×10
-12

 3.2×10
-12

 3.2×10
-12

 2.8×10
-12

 3.5×10
-12

 

Bone surfaces 5.6×10
-10

 2.0×10
-10

 1.2×10
-10

 9.7×10
-11

 7.7×10
-11

 7.7×10
-11

 3.0×10
-11

 3.9×10
-11

 

Brain 3.0×10
-11

 1.3×10
-11

 6.3×10
-12

 3.7×10
-12

 2.1×10
-12

 2.1×10
-12

 2.0×10
-12

 2.3×10
-12

 

Breasts 3.1×10
-11

 1.3×10
-11

 6.6×10
-12

 3.9×10
-12

 2.2×10
-12

 2.2×10
-12

 2.0×10
-12

 2.4×10
-12

 

St wall 1.1×10
-9

 3.2×10
-10

 1.4×10
-10

 7.5×10
-11

 4.6×10
-11

 4.6×10
-11

 3.7×10
-11

 4.0×10
-11

 

SI wall 4.3×10
-10

 1.7×10
-10

 7.4×10
-11

 4.3×10
-11

 2.1×10
-11

 2.1×10
-11

 1.8×10
-11

 1.9×10
-11

 

ULI wall 1.9×10
-10

 7.4×10
-11

 3.4×10
-11

 1.9×10
-11

 1.0×10
-11

 1.0×10
-11

 8.5×10
-12

 9.1×10
-12

 

LLI wall 4.6×10
-11

 1.9×10
-11

 9.2×10
-12

 5.4×10
-12

 2.9×10
-12

 2.9×10
-12

 2.7×10
-12

 3.0×10
-12

 

Kidneys 7.0×10
-10

 2.8×10
-10

 1.5×10
-10

 1.0×10
-10

 7.2×10
-11

 7.2×10
-11

 6.4×10
-11

 7.1×10
-11

 

Liver 8.2×10
-11

 3.9×10
-11

 2.0×10
-11

 1.2×10
-11

 7.2×10
-12

 7.2×10
-12

 6.8×10
-12

 8.5×10
-12

 

Lung 6.4×10
-8

 3.9×10
-8

 3.1×10
-8

 2.6×10
-8

 2.5×10
-8

 2.5×10
-8

 2.2×10
-8

 2.4×10
-8

 

ET 3.8×10
-7

 1.6×10
-7

 6.9×10
-8

 4.4×10
-8

 2.6×10
-8

 2.6×10
-8

 2.5×10
-8

 2.8×10
-8

 

Muscle 3.2×10
-11

 1.4×10
-11

 6.8×10
-12

 4.0×10
-12

 2.3×10
-12

 2.3×10
-12

 2.1×10
-12

 2.5×10
-12

 

Ovaries 3.4×10
-11

 1.5×10
-11

 7.3×10
-12

 4.3×10
-12

 - 2.4×10
-12

 - 2.7×10
-12

 

Pancreas 3.5×10
-11

 1.5×10
-11

 7.7×10
-12

 4.7×10
-12

 2.7×10
-12

 2.7×10
-12

 2.4×10
-12

 2.9×10
-12

 

Red marrow 9.5×10
-11

 2.5×10
-11

 1.2×10
-11

 8.8×10
-12

 6.7×10
-12

 6.7×10
-12

 4.1×10
-12

 4.7×10
-12

 

Skin 3.0×10
-11

 1.3×10
-11

 6.3×10
-12

 3.7×10
-12

 2.1×10
-12

 2.1×10
-12

 2.0×10
-12

 2.3×10
-12

 

Spleen 3.7×10
-11

 1.6×10
-11

 8.5×10
-12

 5.6×10
-12

 3.4×10
-12

 3.4×10
-12

 2.3×10
-12

 2.8×10
-12

 

Testes 3.0×10
-11

 1.3×10
-11

 6.2×10
-12

 3.6×10
-12

 2.0×10
-12

 - 1.9×10
-12

 - 

Thymus 3.6×10
-11

 1.5×10
-11

 7.4×10
-12

 4.3×10
-12

 2.3×10
-12

 2.3×10
-12

 2.2×10
-12

 2.6×10
-12

 

Thyroid 3.0×10
-11

 1.3×10
-11

 6.4×10
-12

 3.8×10
-12

 2.2×10
-12

 2.2×10
-12

 2.0×10
-12

 2.4×10
-12

 

GB wall 3.5×10
-11

 1.5×10
-11

 7.6×10
-12

 4.4×10
-12

 2.4×10
-12

 2.4×10
-12

 2.2×10
-12

 2.6×10
-12

 

HT wall 3.2×10
-11

 1.4×10
-11

 7.0×10
-12

 4.1×10
-12

 2.4×10
-12

 2.4×10
-12

 2.2×10
-12

 2.6×10
-12

 

Uterus 3.3×10
-11

 1.5×10
-11

 7.2×10
-12

 4.2×10
-12

 2.4×10
-12

 2.4×10
-12

 2.2×10
-12

 2.6×10
-12

 

Remainder 1.9×10
-7

 7.9×10
-8

 3.5×10
-8

 2.2×10
-8

 1.3×10
-8

 1.3×10
-8

 1.3×10
-8

 1.4×10
-8

 

Colon 1.3×10
-10

 5.0×10
-11

 2.3×10
-11

 1.3×10
-11

 6.9×10
-12

 6.9×10
-12

 6.0×10
-12

 6.5×10
-12

 

Effective Dose 1.7×10
-8

 8.7×10
-9

 5.5×10
-9

 4.3×10
-9

 3.7×10
-9

 3.7×10
-9

 3.3×10
-9

 3.6×10
-9

 

St – Stomach; SI – Small intestine; ULI – Upper large intestine; LLI – Lower large intestine;  682 
ET – Extrathoracic; GB – Gallbladder; HT – Heart, ♂ – male, ♀ – female 683 
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 685 
Table A5. Inhalation dose coefficients (Sv Bq

-1
) of 

214
Pb for 1 nm AMTD diameter as a 686 

function of age. 687 
 688 
Organs\Age 3 mo 1 y 5 y 10 y 15 y ♂ 15 y ♀ Adult ♂ Adult ♀ 

Adrenals 2.8×10
-10

 1.2×10
-10

 6.3×10
-11

 3.7×10
-11

 2.1×10
-11

 2.1×10
-11

 1.9×10
-11

 2.3×10
-11

 

Bladder wall 3.6×10
-10

 1.5×10
-10

 7.3×10
-11

 4.6×10
-11

 3.0×10
-11

 3.0×10
-11

 2.6×10
-11

 3.2×10
-11

 

Bone surfaces 5.3×10
-9

 1.9×10
-9

 1.2×10
-9

 9.5×10
-10

 8.0×10
-10

 7.9×10
-10

 2.9×10
-10

 3.8×10
-10

 

Brain 2.7×10
-10

 1.1×10
-10

 5.8×10
-11

 3.4×10
-11

 2.0×10
-11

 2.0×10
-11

 1.9×10
-11

 2.2×10
-11

 

Breasts 2.8×10
-10

 1.2×10
-10

 6.1×10
-11

 3.6×10
-11

 2.0×10
-11

 2.0×10
-11

 1.9×10
-11

 2.2×10
-11

 

St wall 8.6×10
-9

 2.6×10
-9

 1.2×10
-9

 6.9×10
-10

 4.7×10
-10

 4.7×10
-10

 3.7×10
-10

 4.0×10
-10

 

SI wall 3.9×10
-9

 1.5×10
-9

 7.4×10
-10

 4.4×10
-10

 2.5×10
-10

 2.5×10
-10

 2.0×10
-10

 2.1×10
-10

 

ULI wall 1.7×10
-9

 6.6×10
-10

 3.3×10
-10

 1.9×10
-10

 1.1×10
-10

 1.1×10
-10

 9.1×10
-11

 9.9×10
-11

 

LLI wall 4.1×10
-10

 1.7×10
-10

 8.6×10
-11

 5.0×10
-11

 2.9×10
-11

 2.9×10
-11

 2.6×10
-11

 2.9×10
-11

 

Kidneys 7.2×10
-9

 2.8×10
-9

 1.5×10
-9

 1.0×10
-9

 7.2×10
-10

 7.1×10
-10

 6.2×10
-10

 6.8×10
-10

 

Liver 7.7×10
-10

 3.7×10
-10

 1.9×10
-10

 1.2×10
-10

 6.9×10
-11

 6.8×10
-11

 6.4×10
-11

 8.0×10
-11

 

Lung 2.6×10
-6

 1.6×10-06 9.9×10
-7

 7.3×10
-7

 5.6×10
-7

 5.5×10
-7

 5.2×10
-7

 5.6×10
-7

 

ET 3.3×10
-6

 1.4×10-06 6.7×10
-7

 4.3×10
-7

 3.0×10
-7

 3.0×10
-7

 2.7×10
-7

 3.2×10
-7

 

Muscle 2.9×10
-10

 1.3×10
-10

 6.4×10
-11

 3.7×10
-11

 2.1×10
-11

 2.1×10
-11

 1.9×10
-11

 2.3×10
-11

 

Ovaries 3.1×10
-10

 1.3×10
-10

 6.8×10
-11

 4.0×10
-11

 - 2.3×10
-11

 - 2.5×10
-11

 

Pancreas 3.2×10
-10

 1.4×10
-10

 7.2×10
-11

 4.4×10
-11

 2.6×10
-11

 2.6×10
-11

 2.4×10
-11

 2.8×10
-11

 

Red marrow 8.8×10
-10

 2.3×10
-10

 1.1×10
-10

 8.3×10
-11

 6.6×10
-11

 6.5×10
-11

 3.9×10
-11

 4.4×10
-11

 

Skin 2.7×10
-10

 1.2×10
-10

 5.8×10
-11

 3.4×10
-11

 1.9×10
-11

 1.9×10
-11

 1.8×10
-11

 2.1×10
-11

 

Spleen 3.3×10
-10

 1.5×10
-10

 7.9×10
-11

 5.1×10
-11

 3.2×10
-11

 3.1×10
-11

 2.1×10
-11

 2.5×10
-11

 

Testes 2.6×10
-10

 1.1×10
-10

 5.6×10
-11

 3.2×10
-11

 1.8×10
-11

 - 1.7×10
-11

 - 

Thymus 3.4×10
-10

 1.5×10
-10

 7.1×10
-11

 4.1×10
-11

 2.2×10
-11

 2.2×10
-11

 2.0×10
-11

 2.4×10
-11

 

Thyroid 2.7×10
-10

 1.2×10
-10

 5.9×10
-11

 3.5×10
-11

 2.0×10
-11

 2.0×10
-11

 1.9×10
-11

 2.2×10
-11

 

GB wall 3.2×10
-10

 1.3×10
-10

 7.2×10
-11

 4.1×10
-11

 2.2×10
-11

 2.2×10
-11

 2.1×10
-11

 2.4×10
-11

 

HT wall 3.0×10
-10

 1.3×10
-10

 6.6×10
-11

 3.8×10
-11

 2.2×10
-11

 2.2×10
-11

 2.0×10
-11

 2.4×10
-11

 

Uterus 3.0×10
-10

 1.3×10
-10

 6.6×10
-11

 3.9×10
-11

 2.2×10
-11

 2.2×10
-11

 2.0×10
-11

 2.4×10
-11

 

Remainder 1.7×10
-6

 1.0×10
-9

 5.4×10
-10

 3.0×10
-10

 1.8×10
-1

 1.8×10
-10

 1.7×10
-10

 2.5×10
-10

 

Colon 1.1×10
-9

 4.5×10
-10

 2.2×10
-10

 1.3×10
-10

 7.5×10
-11

 7.5×10
-11

 6.3×10
-11

 6.9×10
-11

 

Effective Dose 3.9×10
-7

 1.9×10
-7

 1.2×10
-7

 8.8×10
-8

 6.7×10
-8

 6.7×10
-8

 6.3×10
-8

 6.8×10
-8

 

St – Stomach; SI – Small intestine; ULI – Upper large intestine; LLI – Lower large intestine;  689 
ET – Extrathoracic; GB – Gallbladder; HT – Heart, ♂ – male, ♀ – female  690 
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 692 
Table A6. Inhalation dose coefficients (Sv Bq

-1
) of 

214
Pb for 50 nm AMAD diameter as a 693 

function of age. 694 
 695 
Organs\Age 3 mo 1 y 5 y 10 y 15 y ♂ 15 y ♀ Adult ♂ Adult ♀ 

Adrenals 3.5×10
-10

 1.5×10
-10

 6.8×10
-11

 3.8×10
-11

 2.1×10
-11

 2.1×10
-11

 2.0×10
-11

 2.4×10
-11

 

Bladder wall 4.4×10
-10

 1.9×10
-10

 7.9×10
-11

 4.9×10
-11

 3.2×10
-11

 3.1×10
-11

 2.9×10
-11

 3.5×10
-11

 

Bone surfaces 5.1×10
-9

 1.9×10
-9

 1.1×10
-9

 8.4×10
-10

 7.2×10
-10

 7.2×10
-10

 2.7×10
-10

 3.6×10
-10

 

Brain 3.2×10
-10

 1.4×10
-10

 6.1×10
-11

 3.4×10
-11

 1.9×10
-11

 1.9×10
-11

 1.8×10
-11

 2.1×10
-11

 

Breasts 3.4×10
-10

 1.5×10
-10

 6.8×10
-11

 3.9×10
-11

 2.1×10
-11

 2.1×10
-11

 2.0×10
-11

 2.4×10
-11

 

St wall 1.1×10
-9

 3.6×10
-10

 1.7×10
-10

 9.6×10
-11

 6.1×10
-11

 6.1×10
-11

 5.0×10
-11

 5.8×10
-11

 

SI wall 6.7×10
-10

 2.6×10
-10

 1.2×10
-10

 7.1×10
-11

 3.9×10
-11

 3.9×10
-11

 3.4×10
-11

 3.9×10
-11

 

ULI wall 4.8×10
-10

 2.0×10
-10

 9.1×10
-11

 5.2×10
-11

 2.9×10
-11

 2.9×10
-11

 2.6×10
-11

 3.0×10
-11

 

LLI wall 3.4×10
-10

 1.4×10
-10

 6.4×10
-11

 3.6×10
-11

 2.0×10
-11

 2.0×10
-11

 1.9×10
-11

 2.2×10
-11

 

Kidneys 1.0×10
-8

 4.0×10
-9

 2.0×10
-9

 1.3×10
-9

 8.5×10
-10

 8.4×10
-10

 7.5×10
-10

 8.4×10
-10

 

Liver 9.0×10
-10

 4.4×10
-10

 2.0×10
-10

 1.2×10
-10

 7.0×10
-11

 6.9×10
-11

 6.5×10
-11

 8.2×10
-11

 

Lung 1.7×10
-6

 8.7×10
-7

 4.9×10
-7

 3.3×10
-7

 2.4×10
-7

 2.5×10
-7

 2.1×10
-7

 2.6×10
-7

 

ET 3.2×10
-7

 1.3×10
-7

 6.2×10
-8

 4.0×10
-8

 2.7×10
-8

 2.7×10
-8

 2.4×10
-8

 2.9×10
-8

 

Muscle 3.3×10
-10

 1.4×10
-10

 6.4×10
-11

 3.6×10
-11

 2.0×10
-11

 2.0×10
-11

 1.9×10
-11

 2.2×10
-11

 

Ovaries 3.3×10
-10

 1.4×10
-10

 6.2×10
-11

 3.5×10
-11

 - 1.9×10
-11

 - 2.2×10
-11

 

Pancreas 3.4×10
-10

 1.5×10
-10

 6.7×10
-11

 3.8×10
-11

 2.1×10
-11

 2.1×10
-11

 2.0×10
-11

 2.4×10
-11

 

Red marrow 9.1×10
-10

 2.6×10
-10

 1.1×10
-10

 7.9×10
-11

 6.0×10
-11

 6.0×10
-11

 3.8×10
-11

 4.3×10
-11

 

Skin 3.2×10
-10

 1.4×10
-10

 6.2×10
-11

 3.5×10
-11

 1.9×10
-11

 1.9×10
-11

 1.8×10
-11

 2.2×10
-11

 

Spleen 4.3×10
-10

 2.0×10
-10

 9.1×10
-11

 5.7×10
-11

 3.4×10
-11

 3.4×10
-11

 2.2×10
-11

 2.6×10
-11

 

Testes 3.2×10
-10

 1.4×10
-10

 6.1×10
-11

 3.4×10
-11

 1.8×10
-11

 - 1.8×10
-11

 - 

Thymus 3.4×10
-10

 1.5×10
-10

 6.8×10
-11

 3.9×10
-11

 2.2×10
-11

 2.2×10
-11

 2.1×10
-11

 2.5×10
-11

 

Thyroid 3.3×10
-10

 1.4×10
-10

 6.4×10
-11

 3.6×10
-11

 2.0×10
-11

 2.0×10
-11

 1.9×10
-11

 2.2×10
-11

 

GB wall 3.4×10
-10

 1.4×10
-10

 6.4×10
-11

 3.6×10
-11

 2.0×10
-11

 2.0×10
-11

 1.9×10
-11

 2.2×10
-11

 

HT wall 3.6×10
-10

 1.6×10
-10

 7.2×10
-11

 4.1×10
-11

 2.4×10
-11

 2.4×10
-11

 2.2×10
-11

 2.7×10
-11

 

Uterus 3.3×10
-10

 1.4×10
-10

 6.2×10
-11

 3.5×10
-11

 1.9×10
-11

 1.9×10
-11

 1.8×10
-11

 2.2×10
-11

 

Remainder 7.2×10
-10

 2.9×10
-10

 1.4×10
-10

 7.4×10
-11

 4.2×10
-11

 4.2×10
-11

 3.9×10
-11

 5.3×10
-11

 

Colon 4.2×10
-10

 1.7×10
-10

 8.0×10
-11

 4.5×10
-11

 2.5×10
-11

 2.5×10
-11

 2.3×10
-11

 2.7×10
-11

 

Effective Dose 2.1×10
-7

 1.1×10
-7

 5.9×10
-8

 4.0×10
-8

 2.9×10
-8

 3.0×10
-8

 2.6×10
-8

 3.1×10
-8

 

St – Stomach; SI – Small intestine; ULI – Upper large intestine; LLI – Lower large intestine;  696 
ET – Extrathoracic; GB – Gallbladder; HT – Heart, ♂ – male, ♀ – female  697 
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 699 
Table A7. Inhalation dose coefficients (Sv Bq

-1
) of 

214
Pb for 230 nm AMAD diameter as a 700 

function of age. 701 
 702 
Organs\Age 3 mo 1 y 5 y 10 y 15 y ♂ 15 y ♀ Adult ♂ Adult ♀ 

Adrenals 2.0×10
-10

 8.4×10
-11

 3.8×10
-11

 2.0×10
-11

 1.1×10
-11

 1.1×10
-11

 1.0×10
-11

 1.3×10
-11

 

Bladder wall 2.5×10
-10

 1.1×10
-10

 4.4×10
-11

 2.5×10
-11

 1.6×10
-11

 1.7×10
-11

 1.4×10
-11

 1.8×10
-11

 

Bone surfaces 3.1×10
-9

 1.2×10
-9

 6.3×10
-10

 4.6×10
-10

 3.9×10
-10

 3.9×10
-10

 1.4×10
-10

 1.9×10
-10

 

Brain 1.8×10
-10

 7.7×10
-11

 3.4×10
-11

 1.8×10
-11

 9.9×10
-12

 1.0×10
-11

 9.1×10
-12

 1.1×10
-11

 

Breasts 2.0×10
-10

 8.3×10
-11

 3.7×10
-11

 2.0×10
-11

 1.1×10
-11

 1.1×10
-11

 1.0×10
-11

 1.2×10
-11

 

St wall 2.1×10
-9

 6.8×10
-10

 2.5×10
-10

 1.3×10
-10

 7.1×10
-11

 7.3×10
-11

 5.9×10
-11

 6.5×10
-11

 

SI wall 1.0×10
-9

 4.2×10
-10

 1.6×10
-10

 8.9×10
-11

 4.0×10
-11

 4.1×10
-11

 3.5×10
-11

 3.8×10
-11

 

ULI wall 5.2×10
-10

 2.2×10
-10

 8.7×10
-11

 4.8×10
-11

 2.3×10
-11

 2.3×10
-11

 2.0×10
-11

 2.3×10
-11

 

LLI wall 2.2×10
-10

 9.2×10
-11

 3.9×10
-11

 2.1×10
-11

 1.1×10
-11

 1.1×10
-11

 1.0×10
-11

 1.2×10
-11

 

Kidneys 5.6×10
-9

 2.2×10
-9

 1.0×10
-9

 6.3×10
-10

 4.3×10
-10

 4.3×10
-10

 3.7×10
-10

 4.2×10
-10

 

Liver 5.2×10
-10

 2.5×10
-10

 1.1×10
-10

 6.3×10
-11

 3.6×10
-11

 3.7×10
-11

 3.3×10
-11

 4.3×10
-11

 

Lung 7.1×10
-7

 3.7×10
-7

 2.1×10
-7

 1.5×10
-7

 1.1×10
-7

 1.1×10
-7

 8.5×10
-8

 1.2×10
-7

 

ET 7.3×10
-7

 3.1×10
-7

 1.2×10
-7

 7.2×10
-8

 3.8×10
-8

 3.9×10
-8

 3.7×10
-8

 4.3×10
-8

 

Muscle 1.9×10
-10

 8.2×10
-11

 3.6×10
-11

 1.9×10
-11

 1.1×10
-11

 1.1×10
-11

 9.6×10
-12

 1.2×10
-11

 

Ovaries 1.9×10
-10

 8.2×10
-11

 3.6×10
-11

 1.9×10
-11

 - 1.1×10
-11

 - 1.2×10
-11

 

Pancreas 2.0×10
-10

 8.7×10
-11

 3.9×10
-11

 2.1×10
-11

 1.2×10
-11

 1.2×10
-11

 1.0×10
-11

 1.3×10
-11

 

Red marrow 5.5×10
-10

 1.5×10
-10

 6.3×10
-11

 4.2×10
-11

 3.2×10
-11

 3.2×10
-11

 1.9×10
-11

 2.3×10
-11

 

Skin 1.9×10
-10

 7.8×10
-11

 3.4×10
-11

 1.8×10
-11

 1.0×10
-11

 1.0×10
-11

 9.2×10
-12

 1.1×10
-11

 

Spleen 2.5×10
-10

 1.1×10
-10

 5.0×10
-11

 2.9×10
-11

 1.8×10
-11

 1.8×10
-11

 1.1×10
-11

 1.4×10
-11

 

Testes 1.8×10
-10

 7.7×10
-11

 3.4×10
-11

 1.8×10
-11

 9.6×10
-12

 - 8.9×10
-12

 - 

Thymus 2.1×10
-10

 8.8×10
-11

 3.9×10
-11

 2.1×10
-11

 1.1×10
-11

 1.2×10
-11

 1.0×10
-11

 1.3×10
-11

 

Thyroid 1.9×10
-10

 8.0×10
-11

 3.5×10
-11

 1.9×10
-11

 1.0×10
-11

 1.0×10
-11

 9.5×10
-12

 1.2×10
-11

 

GB wall 2.0×10
-10

 8.4×10
-11

 3.7×10
-11

 2.0×10
-11

 1.1×10
-11

 1.1×10
-11

 9.7×10
-12

 1.2×10
-11

 

HT wall 2.0×10
-10

 8.8×10
-11

 4.0×10
-11

 2.1×10
-11

 1.2×10
-11

 1.2×10
-11

 1.1×10
-11

 1.4×10
-11

 

Uterus 1.9×10
-10

 8.2×10
-11

 3.6×10
-11

 1.9×10
-11

 1.0×10
-11

 1.0×10
-11

 9.4×10
-12

 1.2×10
-11

 

Remainder 3.6×10
-7

 3.1×10
-10

 1.3×10
-10

 6.8×10
-11

 3.4×10
-11

 3.5×10
-11

 3.2×10
-11

 4.6×10
-11

 

Colon 3.9×10
-10

 1.6×10
-10

 6.7×10
-11

 3.6×10
-11

 1.8×10
-11

 1.8×10
-11

 1.6×10
-11

 1.8×10
-11

 

Effective Dose 1.0×10
-7

 4.4×10
-8

 2.5×10
-8

 1.8×10
-8

 1.3×10
-8

 1.3×10
-8

 1.0×10
-8

 1.4×10
-8

 

St – Stomach; SI – Small intestine; ULI – Upper large intestine; LLI – Lower large intestine;  703 
ET – Extrathoracic; GB – Gallbladder; HT – Heart, ♂ – male, ♀ – female 704 

 705 
706 
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 707 
Table A8. Inhalation dose coefficients (Sv Bq

-1
) of 

214
Pb for 2500 nm AMAD diameter as a 708 

function of age. 709 
 710 
Organs\Age 3 mo 1 y 5 y 10 y 15 y ♂ 15 y ♀ Adult ♂ Adult ♀ 

Adrenals 2.3×10
-10

 9.9×10
-11

 5.0×10
-11

 3.0×10
-11

 1.7×10
-11

 1.7×10
-11

 1.6×10
-11

 1.9×10
-11

 

Bladder wall 2.9×10
-10

 1.2×10
-10

 5.9×10
-11

 3.8×10
-11

 2.4×10
-11

 2.4×10
-11

 2.2×10
-11

 2.7×10
-11

 

Bone surfaces 4.4×10
-9

 1.6×10
-9

 9.6×10
-10

 7.7×10
-10

 6.4×10
-10

 6.4×10
-10

 2.4×10
-10

 3.1×10
-10

 

Brain 2.1×10
-10

 9.2×10
-11

 4.6×10
-11

 2.7×10
-11

 1.6×10
-11

 1.6×10
-11

 1.5×10
-11

 1.7×10
-11

 

Breasts 2.3×10
-10

 9.8×10
-11

 4.9×10
-11

 2.9×10
-11

 1.6×10
-11

 1.6×10
-11

 1.5×10
-11

 1.8×10
-11

 

St wall 7.5×10
-9

 2.2×10
-9

 9.7×10
-10

 5.3×10
-10

 3.2×10
-10

 3.2×10
-10

 2.6×10
-10

 2.8×10
-10

 

SI wall 3.5×10
-9

 1.3×10
-9

 5.9×10
-10

 3.4×10
-10

 1.7×10
-10

 1.7×10
-10

 1.4×10
-10

 1.5×10
-10

 

ULI wall 1.5×10
-9

 5.8×10
-10

 2.6×10
-10

 1.5×10
-10

 7.8×10
-11

 7.8×10
-11

 6.6×10
-11

 7.1×10
-11

 

LLI wall 3.4×10
-10

 1.4×10
-10

 6.9×10
-11

 4.0×10
-11

 2.2×10
-11

 2.2×10
-11

 2.0×10
-11

 2.3×10
-11

 

Kidneys 5.7×10
-9

 2.2×10
-9

 1.2×10
-9

 8.4×10
-10

 5.9×10
-10

 5.9×10
-10

 5.2×10
-10

 5.8×10
-10

 

Liver 6.3×10
-10

 3.0×10
-10

 1.5×10
-10

 9.5×10
-11

 5.6×10
-11

 5.6×10
-11

 5.3×10
-11

 6.6×10
-11

 

Lung 3.3×10
-7

 2.0×10
-7

 1.6×10
-7

 1.4×10
-7

 1.3×10
-7

 1.3×10
-7

 1.1×10
-7

 1.2×10
-7

 

ET 2.7×10
-6

 1.1×10
-6

 4.9×10
-7

 3.1×10
-7

 1.9×10
-7

 1.9×10
-7

 1.8×10
-7

 2.0×10
-7

 

Muscle 2.3×10
-10

 1.0×10
-10

 5.1×10
-11

 3.0×10
-11

 1.7×10
-11

 1.7×10
-11

 1.6×10
-11

 1.9×10
-11

 

Ovaries 2.5×10
-10

 1.1×10
-10

 5.5×10
-11

 3.2×10
-11

 - 1.8×10
-11

 - 2.0×10
-11

 

Pancreas 2.6×10
-10

 1.1×10
-10

 5.8×10
-11

 3.5×10
-11

 2.0×10
-11

 2.0×10
-11

 1.9×10
-11

 2.2×10
-11

 

Red marrow 7.2×10
-10

 1.9×10
-10

 9.0×10
-11

 6.7×10
-11

 5.2×10
-11

 5.2×10
-11

 3.1×10
-11

 3.6×10
-11

 

Skin 2.2×10
-10

 9.4×10
-11

 4.7×10
-11

 2.7×10
-11

 1.5×10
-11

 1.5×10
-11

 1.5×10
-11

 1.7×10
-11

 

Spleen 2.7×10
-10

 1.2×10
-10

 6.5×10
-11

 4.3×10
-11

 2.6×10
-11

 2.6×10
-11

 1.8×10
-11

 2.1×10
-11

 

Testes 2.1×10
-10

 9.1×10
-11

 4.5×10
-11

 2.6×10
-11

 1.5×10
-11

 - 1.4×10
-11

 - 

Thymus 2.7×10
-10

 1.2×10
-10

 5.6×10
-11

 3.2×10
-11

 1.8×10
-11

 1.8×10
-11

 1.6×10
-11

 2.0×10
-11

 

Thyroid 2.2×10
-10

 9.3×10
-11

 4.7×10
-11

 2.8×10
-11

 1.6×10
-11

 1.6×10
-11

 1.5×10
-11

 1.8×10
-11

 

GB wall 2.6×10
-10

 1.1×10
-10

 5.7×10
-11

 3.3×10
-11

 1.8×10
-11

 1.8×10
-11

 1.7×10
-11

 2.0×10
-11

 

HT wall 2.4×10
-10

 1.0×10
-10

 5.3×10
-11

 3.1×10
-11

 1.8×10
-11

 1.8×10
-11

 1.7×10
-11

 2.0×10
-11

 

Uterus 2.4×10
-10

 1.1×10
-10

 5.3×10
-11

 3.1×10
-11

 1.8×10
-11

 1.8×10
-11

 1.6×10
-11

 1.9×10
-11

 

Remainder 1.3×10
-6

 5.6×10
-7

 2.5×10
-7

 1.5×10
-7

 9.3×10
-8

 9.3×10
-8

 8.9×10
-8

 1.0×10
-7

 

Colon 9.7×10
-10

 3.9×10
-10

 1.8×10
-10

 1.0×10
-10

 5.4×10
-11

 5.4×10
-11

 4.6×10
-11

 5.0×10
-11

 

Effective Dose 1.1×10
-7

 5.3×10
-8

 3.2×10
-8

 2.4×10
-8

 2.0×10
-8

 2.0×10
-8

 1.8×10
-8

 2.0×10
-8

 

St – Stomach; SI – Small intestine; ULI – Upper large intestine; LLI – Lower large intestine;  711 
ET – Extrathoracic; GB – Gallbladder; HT – Heart, ♂ – male, ♀ – female  712 

713 
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 714 
Table A9. Inhalation dose coefficients (Sv Bq

-1
) of 

214
Bi for 1 nm AMTD diameter as a 715 

function of age. 716 
 717 
Organs\Age 3 mo 1 y 5 y 10 y 15 y ♂ 15 y ♀ Adult ♂ Adult ♀ 

Adrenals 9.5×10
-11

 3.8×10
-11

 2.0×10
-11

 1.2×10
-11

 7.6×10
-12

 7.5×10
-12

 6.1×10
-12

 7.2×10
-12

 

Bladder wall 1.1×10
-10

 4.2×10
-11

 2.0×10
-11

 1.3×10
-11

 8.9×10
-12

 8.8×10
-12

 6.9×10
-12

 8.4×10
-12

 

Bone surfaces 1.9×10
-10

 8.9×10
-11

 6.4×10
-11

 3.8×10
-11

 1.0×10
-10

 9.9×10
-11

 2.9×10
-11

 3.7×10
-11

 

Brain 8.6×10
-11

 3.3×10
-11

 1.7×10
-11

 1.1×10
-11

 7.1×10
-12

 7.0×10
-12

 5.8×10
-12

 6.7×10
-12

 

Breasts 9.5×10
-11

 3.8×10
-11

 2.0×10
-11

 1.2×10
-11

 7.1×10
-12

 7.1×10
-12

 5.7×10
-12

 6.7×10
-12

 

St wall 5.8×10
-9

 1.7×10
-9

 8.1×10
-10

 4.6×10
-10

 3.1×10
-10

 3.1×10
-10

 2.4×10
-10

 2.7×10
-10

 

SI wall 1.3×10
-9

 5.1×10
-10

 2.5×10
-10

 1.5×10
-10

 8.4×10
-11

 8.4×10
-11

 6.7×10
-11

 7.3×10
-11

 

ULI wall 3.7×10
-10

 1.5×10
-10

 7.4×10
-11

 4.4×10
-11

 2.6×10
-11

 2.6×10
-11

 2.0×10
-11

 2.3×10
-11

 

LLI wall 1.1×10
-10

 4.2×10
-11

 2.1×10
-11

 1.3×10
-11

 7.9×10
-12

 7.8×10
-12

 6.3×10
-12

 7.3×10
-12

 

Kidneys 4.6×10
-9

 1.7×10
-9

 9.4×10
-10

 6.4×10
-10

 4.6×10
-10

 4.5×10
-10

 3.6×10
-10

 4.0×10
-10

 

Liver 1.2×10
-10

 5.4×10
-11

 2.7×10
-11

 1.8×10
-11

 1.2×10
-11

 1.2×10
-11

 6.4×10
-12

 7.9×10
-12

 

Lung 2.3×10
-6

 1.3×10
-6

 8.3×10
-7

 6.1×10
-7

 4.6×10
-7

 4.6×10
-7

 4.3×10
-7

 4.7×10
-7

 

ET 6.3×10
-6

 2.6×10
-6

 1.3×10
-6

 8.4×10
-7

 5.7×10
-7

 5.7×10
-7

 5.3×10
-7

 6.1×10
-7

 

Muscle 1.0×10
-10

 4.1×10
-11

 2.1×10
-11

 1.3×10
-11

 7.8×10
-12

 7.8×10
-12

 6.2×10
-12

 7.5×10
-12

 

Ovaries 9.6×10
-11

 3.9×10
-11

 2.0×10
-11

 1.2×10
-11

 - 7.4×10
-12

 - 7.0×10
-12

 

Pancreas 1.2×10
-10

 4.8×10
-11

 2.6×10
-11

 1.7×10
-11

 1.1×10
-11

 1.1×10
-11

 8.6×10
-12

 1.0×10
-11

 

Red marrow 1.1×10
-10

 4.5×10
-11

 2.3×10
-11

 1.4×10
-11

 1.3×10
-11

 1.3×10
-11

 7.2×10
-12

 8.2×10
-12

 

Skin 8.8×10
-11

 3.4×10
-11

 1.7×10
-11

 1.1×10
-11

 6.5×10
-12

 6.4×10
-12

 5.2×10
-12

 6.1×10
-12

 

Spleen 1.7×10
-10

 7.6×10
-11

 4.1×10
-11

 2.6×10
-11

 1.8×10
-11

 1.8×10
-11

 9.0×10
-12

 1.1×10
-11

 

Testes 8.2×10
-11

 3.1×10
-11

 1.5×10
-11

 9.4×10
-12

 5.6×10
-12

 - 4.4×10
-12

 - 

Thymus 1.4×10
-10

 5.8×10
-11

 2.7×10
-11

 1.6×10
-11

 8.8×10
-12

 8.8×10
-12

 6.9×10
-12

 8.5×10
-12

 

Thyroid 8.8×10
-11

 3.5×10
-11

 1.8×10
-11

 1.1×10
-11

 7.4×10
-12

 7.3×10
-12

 6.1×10
-12

 7.0×10
-12

 

GB wall 1.1×10
-10

 4.3×10
-11

 2.4×10
-11

 1.4×10
-11

 7.6×10
-12

 7.6×10
-12

 6.1×10
-12

 7.2×10
-12

 

HT wall 1.1×10
-10

 4.3×10
-11

 2.2×10
-11

 1.4×10
-11

 8.6×10
-12

 8.5×10
-12

 6.7×10
-12

 8.1×10
-12

 

Uterus 9.5×10
-11

 3.8×10
-11

 1.9×10
-11

 1.2×10
-11

 7.2×10
-12

 7.1×10
-12

 5.6×10
-12

 6.8×10
-12

 

Remainder 3.2×10
-6

 1.3×10
-6

 6.5×10
-7

 4.2×10
-7

 2.9×10
-7

 2.9×10
-7

 2.6×10
-7

 3.1×10
-7

 

Colon 2.6×10
-10

 1.0×10
-10

 5.1×10
-11

 3.1×10
-11

 1.8×10
-11

 1.8×10
-11

 1.4×10
-11

 1.6×10
-11

 

Effective Dose 4.3×10
-7

 2.3×10
-7

 1.3×10
-7

 9.4×10
-8

 7.0×10
-8

 7.0×10
-8

 6.5×10
-8

 7.2×10
-8

 

St – Stomach; SI – Small intestine; ULI – Upper large intestine; LLI – Lower large intestine;  718 
ET – Extrathoracic; GB – Gallbladder; HT – Heart, ♂ – male, ♀ – female 719 

720 
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 721 
Table A10. Inhalation dose coefficients (Sv Bq

-1
) of 

214
Bi for 50 nm AMAD diameter as a 722 

function of age. 723 
 724 
Organs\Age 3 mo 1 y 5 y 10 y 15 y ♂ 15 y ♀ Adult ♂ Adult ♀ 

Adrenals 1.4×10
-10

 5.6×10
-11

 2.5×10
-11

 1.5×10
-11

 8.8×10
-12

 8.7×10
-12

 7.4×10
-12

 8.8×10
-12

 

Bladder wall 1.5×10
-10

 6.1×10
-11

 2.6×10
-11

 1.6×10
-11

 1.1×10
-11

 1.0×10
-11

 8.6×10
-12

 1.1×10
-11

 

Bone surfaces 2.7×10
-10

 1.3×10
-10

 8.6×10
-11

 4.9×10
-11

 1.3×10
-10

 1.3×10
-10

 5.1×10
-11

 6.5×10
-11

 

Brain 1.2×10
-10

 4.7×10
-11

 2.1×10
-11

 1.2×10
-11

 7.1×10
-12

 7.1×10
-12

 6.0×10
-12

 7.1×10
-12

 

Breasts 1.3×10
-10

 5.5×10
-11

 2.5×10
-11

 1.5×10
-11

 8.6×10
-12

 8.6×10
-12

 7.5×10
-12

 8.7×10
-12

 

St wall 6.4×10
-10

 2.0×10
-10

 9.3×10
-11

 5.3×10
-11

 3.5×10
-11

 3.5×10
-11

 2.7×10
-11

 3.1×10
-11

 

SI wall 2.3×10
-10

 9.0×10
-11

 4.2×10
-11

 2.5×10
-11

 1.4×10
-11

 1.4×10
-11

 9.7×10
-12

 1.3×10
-11

 

ULI wall 1.5×10
-10

 6.1×10
-11

 2.8×10
-11

 1.6×10
-11

 9.3×10
-12

 9.3×10
-12

 7.6×10
-12

 9.0×10
-12

 

LLI wall 1.2×10
-10

 4.9×10
-11

 2.1×10
-11

 1.2×10
-11

 7.2×10
-12

 7.2×10
-12

 6.0×10
-12

 7.2×10
-12

 

Kidneys 6.9×10
-9

 2.6×10
-9

 1.3×10
-9

 8.3×10
-10

 5.7×10
-10

 5.7×10
-10

 4.8×10
-10

 5.3×10
-10

 

Liver 1.7×10
-10

 7.8×10
-11

 3.5×10
-11

 2.2×10
-11

 1.4×10
-11

 1.4×10
-11

 9.2×10
-12

 1.1×10
-11

 

Lung 1.4×10
-6

 6.9×10
-7

 3.9×10
-7

 2.6×10
-7

 1.9×10
-7

 1.9×10
-7

 1.7×10
-7

 2.0×10
-7

 

ET 5.6×10
-7

 2.3×10
-7

 1.1×10
-7

 7.4×10
-8

 5.0×10
-8

 5.0×10
-8

 4.5×10
-8

 5.3×10
-8

 

Muscle 1.3×10
-10

 5.1×10
-11

 2.3×10
-11

 1.3×10
-11

 7.8×10
-12

 7.8×10
-12

 6.5×10
-12

 7.8×10
-12

 

Ovaries 1.2×10
-10

 4.8×10
-11

 2.1×10
-11

 1.2×10
-11

 - 7.1×10
-12

 - 7.1×10
-12

 

Pancreas 1.3×10
-10

 5.4×10
-11

 2.5×10
-11

 1.5×10
-11

 8.7×10
-12

 8.7×10
-12

 7.2×10
-12

 8.7×10
-12

 

Red marrow 1.5×10
-10

 6.5×10
-11

 3.0×10
-11

 1.7×10
-11

 1.5×10
-11

 1.5×10
-11

 9.7×10
-12

 1.1×10
-11

 

Skin 1.2×10
-10

 4.9×10
-11

 2.2×10
-11

 1.3×10
-11

 7.3×10
-12

 7.3×10
-12

 6.2×10
-12

 7.3×10
-12

 

Spleen 2.3×10
-10

 1.1×10
-10

 5.1×10
-11

 3.0×10
-11

 2.1×10
-11

 2.0×10
-11

 1.1×10
-11

 1.3×10
-11

 

Testes 1.2×10
-10

 4.7×10
-11

 2.1×10
-11

 1.2×10
-11

 6.9×10
-12

 - 5.8×10
-12

 - 

Thymus 1.3×10
-10

 5.6×10
-11

 2.6×10
-11

 1.5×10
-11

 9.1×10
-12

 9.1×10
-12

 7.8×10
-12

 9.2×10
-12

 

Thyroid 1.3×10
-10

 5.1×10
-11

 2.3×10
-11

 1.3×10
-11

 7.7×10
-12

 7.7×10
-12

 6.5×10
-12

 7.7×10
-12

 

GB wall 1.3×10
-10

 5.1×10
-11

 2.3×10
-11

 1.3×10
-11

 7.6×10
-12

 7.6×10
-12

 6.4×10
-12

 7.6×10
-12

 

HT wall 1.4×10
-10

 6.0×10
-11

 2.8×10
-11

 1.7×10
-11

 1.0×10
-11

 1.0×10
-11

 8.6×10
-12

 1.0×10
-11

 

Uterus 1.2×10
-10

 4.8×10
-11

 2.1×10
-11

 1.2×10
-11

 7.1×10
-12

 7.1×10
-12

 5.9×10
-12

 7.1×10
-12

 

Remainder 6.0×10
-10

 2.3×10
-10

 1.2×10
-10

 6.5×10
-11

 3.8×10
-11

 3.8×10
-11

 3.4×10
-11

 5.0×10
-11

 

Colon 1.4×10
-10

 5.6×10
-11

 2.5×10
-11

 1.5×10
-11

 8.4×10
-12

 8.4×10
-12

 6.9×10
-12

 8.2×10
-12

 

Effective Dose 1.6×10
-7

 8.3×10
-8

 4.7×10
-8

 3.1×10
-8

 2.2×10
-8

 2.3×10
-8

 2.0×10
-8

 2.4×10
-8

 

St – Stomach; SI – Small intestine; ULI – Upper large intestine; LLI – Lower large intestine;  725 
ET – Extrathoracic; GB – Gallbladder; HT – Heart, ♂ – male, ♀ – female  726 

 727 
728 
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 729 
Table A11. Inhalation dose coefficients (Sv Bq

-1
) of 

214
Bi for 230 nm AMAD diameter as a 730 

function of age. 731 
 732 
Organs\Age 3 mo 1 y 5 y 10 y 15 y ♂ 15 y ♀ Adult ♂ Adult ♀ 

Adrenals 7.4×10
-11

 3.0×10
-11

 1.3×10
-11

 7.4×10
-12

 4.5×10
-12

 4.5×10
-12

 3.6×10
-12

 4.5×10
-12

 

Bladder wall 8.4×10
-11

 3.3×10
-11

 1.4×10
-11

 8.1×10
-12

 5.3×10
-12

 5.4×10
-12

 4.2×10
-12

 5.4×10
-12

 

Bone surfaces 1.5×10
-10

 7.1×10
-11

 4.6×10
-11

 2.4×10
-11

 6.5×10
-11

 6.5×10
-11

 2.4×10
-11

 3.2×10
-11

 

Brain 6.5×10
-11

 2.5×10
-11

 1.1×10
-11

 6.2×10
-12

 3.7×10
-12

 3.7×10
-12

 3.0×10
-12

 3.7×10
-12

 

Breasts 7.3×10
-11

 2.9×10
-11

 1.3×10
-11

 7.6×10
-12

 4.4×10
-12

 4.4×10
-12

 3.6×10
-12

 4.4×10
-12

 

St wall 1.4×10
-9

 4.4×10
-10

 1.6×10
-10

 8.6×10
-11

 4.5×10
-11

 4.7×10
-11

 3.8×10
-11

 4.1×10
-11

 

SI wall 3.6×10
-10

 1.5×10
-10

 5.6×10
-11

 3.1×10
-11

 1.4×10
-11

 1.4×10
-11

 1.2×10
-11

 1.3×10
-11

 

ULI wall 1.4×10
-10

 5.6×10
-11

 2.3×10
-11

 1.3×10
-11

 6.4×10
-12

 6.6×10
-12

 5.3×10
-12

 6.1×10
-12

 

LLI wall 7.1×10
-11

 2.8×10
-11

 1.2×10
-11

 6.6×10
-12

 3.8×10
-12

 3.9×10
-12

 3.1×10
-12

 3.8×10
-12

 

Kidneys 3.7×10
-9

 1.4×10
-9

 6.7×10
-10

 4.1×10
-10

 2.9×10
-10

 2.9×10
-10

 2.3×10
-10

 2.7×10
-10

 

Liver 9.2×10
-11

 4.2×10
-11

 1.9×10
-11

 1.1×10
-11

 7.4×10
-12

 7.4×10
-12

 4.4×10
-12

 5.6×10
-12

 

Lung 5.7×10
-7

 2.9×10
-7

 1.6×10
-7

 1.2×10
-7

 8.4×10
-8

 8.7×10
-8

 6.7×10
-8

 9.2×10
-8

 

ET 1.5×10
-6

 6.4×10
-7

 2.4×10
-7

 1.5×10
-7

 7.6×10
-8

 7.8×10
-8

 7.5×10
-8

 8.4×10
-8

 

Muscle 7.1×10
-11

 2.8×10
-11

 1.2×10
-11

 6.8×10
-12

 4.1×10
-12

 4.1×10
-12

 3.3×10
-12

 4.1×10
-12

 

Ovaries 6.9×10
-11

 2.7×10
-11

 1.2×10
-11

 6.5×10
-12

 - 3.8×10
-12

 - 3.7×10
-12

 

Pancreas 7.7×10
-11

 3.1×10
-11

 1.4×10
-11

 8.0×10
-12

 4.7×10
-12

 4.8×10
-12

 3.8×10
-12

 4.8×10
-12

 

Red marrow 8.4×10
-11

 3.5×10
-11

 1.6×10
-11

 8.4×10
-12

 7.6×10
-12

 7.6×10
-12

 4.6×10
-12

 5.6×10
-12

 

Skin 6.7×10
-11

 2.6×10
-11

 1.1×10
-11

 6.3×10
-12

 3.7×10
-12

 3.8×10
-12

 3.0×10
-12

 3.7×10
-12

 

Spleen 1.3×10
-10

 5.9×10
-11

 2.7×10
-11

 1.6×10
-11

 1.1×10
-11

 1.1×10
-11

 5.4×10
-12

 6.7×10
-12

 

Testes 6.5×10
-11

 2.5×10
-11

 1.1×10
-11

 5.9×10
-12

 3.5×10
-12

 - 2.8×10
-12

 - 

Thymus 8.2×10
-11

 3.3×10
-11

 1.5×10
-11

 8.1×10
-12

 4.7×10
-12

 4.8×10
-12

 3.8×10
-12

 4.8×10
-12

 

Thyroid 6.9×10
-11

 2.7×10
-11

 1.2×10
-11

 6.7×10
-12

 4.0×10
-12

 4.0×10
-12

 3.2×10
-12

 4.0×10
-12

 

GB wall 7.4×10
-11

 2.9×10
-11

 1.3×10
-11

 7.0×10
-12

 4.0×10
-12

 4.0×10
-12

 3.2×10
-12

 4.0×10
-12

 

HT wall 7.9×10
-11

 3.2×10
-11

 1.5×10
-11

 8.4×10
-12

 5.2×10
-12

 5.3×10
-12

 4.1×10
-12

 5.3×10
-12

 

Uterus 6.8×10
-11

 2.7×10
-11

 1.2×10
-11

 6.4×10
-12

 3.7×10
-12

 3.8×10
-12

 3.0×10
-12

 3.7×10
-12

 

Remainder 7.3×10
-7

 3.2×10
-7

 1.2×10
-7

 7.3×10
-8

 4.5×10
-11

 4.6×10
-11

 3.7×10
-8

 6.3×10
-11

 

Colon 1.1×10
-10

 4.4×10
-11

 1.8×10
-11

 1.0×10
-11

 5.3×10
-12

 5.4×10
-12

 4.3×10
-12

 5.1×10
-12

 

Effective Dose 1.0×10
-7

 5.1×10
-8

 2.6×10
-8

 1.8×10
-8

 1.0×10
-8

 1.0×10
-8

 9.9×10
-9

 1.1×10
-8

 

St – Stomach; SI – Small intestine; ULI – Upper large intestine; LLI – Lower large intestine;  733 
ET – Extrathoracic; GB – Gallbladder; HT – Heart, ♂ – male, ♀ – female  734 

 735 
736 
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 737 
Table A12. Inhalation dose coefficients (Sv Bq

-1
) of 

214
Bi for 2500 nm AMAD diameter as a 738 

function of age. 739 
 740 
Organs\Age 3 mo 1 y 5 y 10 y 15 y ♂ 15 y ♀ Adult ♂ Adult ♀ 

Adrenals 7.3×10
-11

 3.0×10
-11

 1.6×10
-11

 1.0×10
-11

 6.2×10
-12

 6.2×10
-12

 5.1×10
-12

 6.0×10
-12

 

Bladder wall 8.3×10
-11

 3.3×10
-11

 1.6×10
-11

 1.1×10
-11

 7.3×10
-12

 7.3×10
-12

 5.8×10
-12

 7.1×10
-12

 

Bone surfaces 1.5×10
-10

 7.2×10
-11

 5.4×10
-11

 3.2×10
-11

 8.8×10
-11

 8.8×10
-11

 2.8×10
-11

 3.6×10
-11

 

Brain 6.5×10
-11

 2.6×10
-11

 1.4×10
-11

 8.7×10
-12

 5.6×10
-12

 5.6×10
-12

 4.6×10
-12

 5.4×10
-12

 

Breasts 7.2×10
-11

 3.0×10
-11

 1.6×10
-11

 9.8×10
-12

 5.9×10
-12

 5.9×10
-12

 4.8×10
-12

 5.7×10
-12

 

St wall 5.2×10
-9

 1.5×10
-9

 6.5×10
-10

 3.6×10
-10

 2.2×10
-10

 2.2×10
-10

 1.7×10
-10

 1.9×10
-10

 

SI wall 1.2×10
-9

 4.5×10
-10

 2.0×10
-10

 1.2×10
-10

 5.9×10
-11

 5.9×10
-11

 4.8×10
-11

 5.1×10
-11

 

ULI wall 3.2×10
-10

 1.3×10
-10

 5.9×10
-11

 3.5×10
-11

 1.9×10
-11

 1.9×10
-11

 1.5×10
-11

 1.7×10
-11

 

LLI wall 8.5×10
-11

 3.4×10
-11

 1.7×10
-11

 1.1×10
-11

 6.2×10
-12

 6.2×10
-12

 5.1×10
-12

 5.9×10
-12

 

Kidneys 3.5×10
-9

 1.3×10
-9

 7.5×10
-10

 5.2×10
-10

 3.8×10
-10

 3.8×10
-10

 3.1×10
-10

 3.4×10
-10

 

Liver 9.5×10
-11

 4.4×10
-11

 2.3×10
-11

 1.5×10
-11

 1.0×10
-11

 1.0×10
-11

 5.7×10
-12

 7.0×10
-12

 

Lung 2.7×10
-7

 1.7×10
-7

 1.3×10
-7

 1.1×10
-7

 1.1×10
-7

 1.1×10
-7

 9.3×10
-8

 1.0×10
-7

 

ET 5.5×10
-6

 2.3×10
-6

 1.0×10
-6

 6.4×10
-7

 3.8×10
-7

 3.8×10
-7

 3.7×10
-7

 4.1×10
-7

 

Muscle 7.7×10
-11

 3.2×10
-11

 1.6×10
-11

 1.0×10
-11

 6.2×10
-12

 6.2×10
-12

 5.0×10
-12

 6.0×10
-12

 

Ovaries 7.6×10
-11

 3.1×10
-11

 1.6×10
-11

 9.8×10
-12

 - 5.9×10
-12

 - 5.7×10
-12

 

Pancreas 9.1×10
-11

 3.9×10
-11

 2.1×10
-11

 1.3×10
-11

 8.3×10
-12

 8.3×10
-12

 6.8×10
-12

 8.1×10
-12

 

Red marrow 8.5×10
-11

 3.6×10
-11

 1.9×10
-11

 1.2×10
-11

 1.1×10
-11

 1.1×10
-11

 6.2×10
-12

 7.2×10
-12

 

Skin 6.7×10
-11

 2.7×10
-11

 1.4×10
-11

 8.5×10
-12

 5.3×10
-12

 5.3×10
-12

 4.3×10
-12

 5.1×10
-12

 

Spleen 1.4×10
-10

 6.3×10
-11

 3.4×10
-11

 2.2×10
-11

 1.5×10
-11

 1.5×10
-11

 7.8×10
-12

 9.2×10
-12

 

Testes 6.3×10
-11

 2.5×10
-11

 1.2×10
-11

 7.7×10
-12

 4.7×10
-12

 - 3.8×10
-12

 - 

Thymus 1.1×10
-10

 4.5×10
-11

 2.1×10
-11

 1.2×10
-11

 6.9×10
-12

 6.9×10
-12

 5.6×10
-12

 6.8×10
-12

 

Thyroid 6.7×10
-11

 2.7×10
-11

 1.4×10
-11

 9.1×10
-12

 5.8×10
-12

 5.8×10
-12

 4.9×10
-12

 5.6×10
-12

 

GB wall 8.8×10
-11

 3.5×10
-11

 1.9×10
-11

 1.1×10
-11

 6.1×10
-12

 6.1×10
-12

 5.0×10
-12

 5.9×10
-12

 

HT wall 8.0×10
-11

 3.4×10
-11

 1.8×10
-11

 1.1×10
-11

 7.0×10
-12

 7.0×10
-12

 5.6×10
-12

 6.8×10
-12

 

Uterus 7.4×10
-11

 3.1×10
-11

 1.5×10
-11

 9.5×10
-12

 5.7×10
-12

 5.7×10
-12

 4.6×10
-12

 5.5×10
-12

 

Remainder 2.8×10
-6

 1.2×10
-6

 5.1×10
-7

 3.2×10
-7

 1.9×10
-7

 1.9×10
-7

 1.8×10
-7

 2.1×10
-7

 

Colon 2.2×10
-10

 8.8×10
-11

 4.1×10
-11

 2.5×10
-11

 1.3×10
-11

 1.3×10
-11

 1.1×10
-11

 1.2×10
-11

 

Effective Dose 1.7×10
-7

 7.8×10
-8

 4.2×10
-8

 2.9×10
-8

 2.3×10
-8

 2.3×10
-8

 2.0×10
-8

 2.3×10
-8

 

St – Stomach; SI – Small intestine; ULI – Upper large intestine; LLI – Lower large intestine;  741 
ET – Extrathoracic; GB – Gallbladder; HT – Heart, ♂ – male, ♀ – female 742 

 743 
744 
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 745 
Table A13. Inhalation dose coefficients (Sv Bq

-1
) of 

214
Po for 1 nm AMTD diameter as a 746 

function of age. 747 
 748 
Organs\Age 3 mo 1 y 5 y 10 y 15 y ♂ 15 y ♀ Adult ♂ Adult ♀ 

Adrenals 4.0×10
-19

 1.9×10
-19

 9.6×10
-20

 6.6×10
-20

 4.4×10
-20

 4.4×10
-20

 1.3×10
-20

 1.5×10
-20

 

Bladder wall 4.0×10
-19

 2.0×10
-19

 9.6×10
-20

 6.6×10
-20

 4.4×10
-20

 4.4×10
-20

 1.3×10
-20

 1.5×10
-20

 

Bone surfaces 1.4×10
-17

 7.5×10
-18

 6.5×10
-18

 8.8×10
-18

 1.3×10
-17

 1.3×10
-17

 3.3×10
-18

 4.3×10
-18

 

Brain 4.0×10
-19

 1.9×10
-19

 9.6×10
-20

 6.6×10
-20

 4.4×10
-20

 4.4×10
-20

 1.3×10
-20

 1.5×10
-20

 

Breasts 4.0×10
-19

 1.9×10
-19

 9.6×10
-20

 6.6×10
-20

 4.4×10
-20

 4.4×10
-20

 1.3×10
-20

 1.5×10
-20

 

St wall 4.0×10
-19

 1.9×10
-19

 9.6×10
-20

 6.6×10
-20

 4.4×10
-20

 4.4×10
-20

 1.3×10
-20

 1.5×10
-20

 

SI wall 4.0×10
-19

 1.9×10
-19

 9.6×10
-20

 6.6×10
-20

 4.4×10
-20

 4.4×10
-20

 1.3×10
-20

 1.5×10
-20

 

ULI wall 4.1×10
-19

 2.0×10
-19

 9.9×10
-20

 6.8×10
-20

 4.5×10
-20

 4.5×10
-20

 1.4×10
-20

 1.6×10
-20

 

LLI wall 4.3×10
-19

 2.1×10
-19

 1.0×10
-19

 7.1×10
-20

 4.7×10
-20

 4.7×10
-20

 1.5×10
-20

 1.7×10
-20

 

Kidneys 1.2×10
-17

 5.8×10
-18

 3.2×10
-18

 2.4×10
-18

 1.9×10
-18

 1.9×10
-18

 5.7×10
-19

 6.2×10
-19

 

Liver 6.7×10
-18

 3.5×10
-18

 1.8×10
-18

 1.3×10
-18

 9.5×10
-19

 9.4×10
-19

 2.8×10
-19

 3.5×10
-19

 

Lung 3.5×10
-13

 2.1×10
-13

 1.3×10
-13

 9.2×10
-14

 7.0×10
-14

 7.0×10
-14

 6.5×10
-14

 7.1×10
-14

 

ET 2.3×10
-12

 9.7×10
-13

 4.8×10
-13

 3.1×10
-13

 2.1×10
-13

 2.1×10
-13

 2.0×10
-13

 2.3×10
-13

 

Muscle 4.0×10
-19

 1.9×10
-19

 9.6×10
-20

 6.6×10
-20

 4.4×10
-20

 4.4×10
-20

 1.3×10
-20

 1.5×10
-20

 

Ovaries 4.0×10
-19

 1.9×10
-19

 9.6×10
-20

 6.6×10
-20

 - 4.4×10
-20

 - 1.5×10
-20

 

Pancreas 4.0×10
-19

 1.9×10
-19

 9.6×10
-20

 6.6×10
-20

 4.4×10
-20

 4.4×10
-20

 1.3×10
-20

 1.5×10
-20

 

Red marrow 6.2×10
-18

 2.7×10
-18

 1.4×10
-18

 1.1×10
-18

 9.8×10
-19

 9.7×10
-19

 3.6×10
-19

 4.0×10
-19

 

Skin 4.0×10
-19

 1.9×10
-19

 9.6×10
-20

 6.6×10
-20

 4.4×10
-20

 4.4×10
-20

 1.3×10
-20

 1.5×10
-20

 

Spleen 1.3×10
-17

 6.1×10
-18

 3.2×10
-18

 2.4×10
-18

 1.6×10
-18

 1.6×10
-18

 4.1×10
-19

 4.8×10
-19

 

Testes 4.0×10
-19

 1.9×10
-19

 9.6×10
-20

 6.6×10
-20

 4.4×10
-20

 - 1.3×10
-20

 - 

Thymus 4.0×10
-19

 2.0×10
-19

 9.6×10
-20

 6.6×10
-20

 4.4×10
-20

 4.4×10
-20

 1.3×10
-20

 1.5×10
-20

 

Thyroid 4.0×10
-19

 1.9×10
-19

 9.6×10
-20

 6.6×10
-20

 4.4×10
-20

 4.4×10
-20

 1.3×10
-20

 1.5×10
-20

 

GB wall 4.0×10
-19

 1.9×10
-19

 9.6×10
-20

 6.6×10
-20

 4.4×10
-20

 4.4×10
-20

 1.3×10
-20

 1.5×10
-20

 

HT wall 4.0×10
-19

 1.9×10
-19

 9.6×10
-20

 6.6×10
-20

 4.4×10
-20

 4.4×10
-20

 1.3×10
-20

 1.5×10
-20

 

Uterus 4.0×10
-19

 1.9×10
-19

 9.6×10
-20

 6.6×10
-20

 4.4×10
-20

 4.4×10
-20

 1.3×10
-20

 1.5×10
-20

 

Remainder 1.2×10
-12

 4.8×10
-13

 2.4×10
-13

 1.5×10
-13

 1.1×10
-13

 1.1×10
-13

 9.8×10
-14

 1.1×10
-13

 

Colon 4.2×10
-19

 2.0×10
-19

 1.0×10
-19

 6.9×10
-20

 4.6×10
-20

 4.6×10
-20

 1.4×10
-20

 1.6×10
-20

 

Effective Dose 1.0×10
-13

 4.9×10
-14

 2.7×10
-14

 1.9×10
-14

 1.4×10
-14

 1.4×10
-14

 1.3×10
-14

 1.4×10
-14

 

St – Stomach; SI – Small intestine; ULI – Upper large intestine; LLI – Lower large intestine;  749 
ET – Extrathoracic; GB – Gallbladder; HT – Heart, ♂ – male, ♀ – female  750 

751 
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 752 
Table A14. Inhalation dose coefficients (Sv Bq

-1
) of 

214
Po for 50 nm AMAD diameter as a 753 

function of age. 754 
 755 
Organs\Age 3 mo 1 y 5 y 10 y 15 y ♂ 15 y ♀ Adult ♂ Adult ♀ 

Adrenals 5.8×10
-19

 3.0×10
-19

 1.3×10
-19

 8.7×10
-20

 5.6×10
-20

 5.5×10
-20

 5.1×10
-20

 2.9×10
-20

 

Bladder wall 5.9×10
-19

 3.0×10
-19

 1.3×10
-19

 8.7×10
-20

 5.6×10
-20

 5.6×10
-20

 5.2×10
-20

 2.9×10
-20

 

Bone surfaces 2.1×10
-17

 1.2×10
-17

 8.9×10
-18

 1.2×10
-17

 1.6×10
-17

 1.6×10
-17

 1.7×10
-17

 8.1×10
-18

 

Brain 5.8×10
-19

 3.0×10
-19

 1.3×10
-19

 8.6×10
-20

 5.6×10
-20

 5.5×10
-20

 5.1×10
-20

 2.9×10
-20

 

Breasts 5.8×10
-19

 3.0×10
-19

 1.3×10
-19

 8.6×10
-20

 5.6×10
-20

 5.5×10
-20

 5.1×10
-20

 2.9×10
-20

 

St wall 5.8×10
-19

 3.0×10
-19

 1.3×10
-19

 8.6×10
-20

 5.6×10
-20

 5.5×10
-20

 5.1×10
-20

 2.9×10
-20

 

SI wall 5.8×10
-19

 3.0×10
-19

 1.3×10
-19

 8.6×10
-20

 5.6×10
-20

 5.5×10
-20

 5.1×10
-20

 2.9×10
-20

 

ULI wall 6.0×10
-19

 3.1×10
-19

 1.4×10
-19

 8.9×10
-20

 5.7×10
-20

 5.7×10
-20

 5.2×10
-20

 3.0×10
-20

 

LLI wall 6.2×10
-19

 3.2×10
-19

 1.4×10
-19

 9.2×10
-20

 5.9×10
-20

 5.9×10
-20

 5.5×10
-20

 3.1×10
-20

 

Kidneys 1.8×10
-17

 9.0×10
-18

 4.4×10
-18

 3.2×10
-18

 2.4×10
-18

 2.4×10
-18

 2.2×10
-18

 1.2×10
-18

 

Liver 9.9×10
-18

 5.4×10
-18

 2.4×10
-18

 1.8×10
-18

 1.2×10
-18

 1.2×10
-18

 1.1×10
-18

 6.6×10
-19

 

Lung 2.0×10
-13

 1.0×10
-13

 5.6×10
-14

 3.7×10
-14

 2.7×10
-14

 2.8×10
-14

 2.4×10
-14

 2.8×10
-14

 

ET 2.0×10
-13

 8.1×10
-14

 4.1×10
-14

 2.7×10
-14

 1.8×10
-14

 1.8×10
-14

 1.7×10
-14

 1.9×10
-14

 

Muscle 5.8×10
-19

 3.0×10
-19

 1.3×10
-19

 8.6×10
-20

 5.6×10
-20

 5.5×10
-20

 5.1×10
-20

 2.9×10
-20

 

Ovaries 5.8×10
-19

 3.0×10
-19

 1.3×10
-19

 8.6×10
-20

 - 5.5×10
-20

 - 2.9×10
-20

 

Pancreas 5.8×10
-19

 3.0×10
-19

 1.3×10
-19

 8.6×10
-20

 5.6×10
-20

 5.5×10
-20

 5.1×10
-20

 2.9×10
-20

 

Red marrow 9.2×10
-18

 4.2×10
-18

 1.9×10
-18

 1.5×10
-18

 1.2×10
-18

 1.2×10
-18

 1.0×10
-18

 7.5×10
-19

 

Skin 5.8×10
-19

 3.0×10
-19

 1.3×10
-19

 8.6×10
-20

 5.6×10
-20

 5.5×10
-20

 5.1×10
-20

 2.9×10
-20

 

Spleen 1.9×10
-17

 9.5×10
-18

 4.5×10
-18

 3.1×10
-18

 2.1×10
-18

 2.1×10
-18

 1.7×10
-18

 9.0×10
-19

 

Testes 5.8×10
-19

 3.0×10
-19

 1.3×10
-19

 8.6×10
-20

 5.6×10
-20

 - 5.1×10
-20

 - 

Thymus 5.8×10
-19

 3.0×10
-19

 1.3×10
-19

 8.6×10
-20

 5.6×10
-20

 5.5×10
-20

 5.1×10
-20

 2.9×10
-20

 

Thyroid 5.8×10
-19

 3.0×10
-19

 1.3×10
-19

 8.6×10
-20

 5.6×10
-20

 5.5×10
-20

 5.1×10
-20

 2.9×10
-20

 

GB wall 5.8×10
-19

 3.0×10
-19

 1.3×10
-19

 8.6×10
-20

 5.6×10
-20

 5.5×10
-20

 5.1×10
-20

 2.9×10
-20

 

HT wall 5.8×10
-19

 3.0×10
-19

 1.3×10
-19

 8.7×10
-20

 5.6×10
-20

 5.5×10
-20

 5.1×10
-20

 2.9×10
-20

 

Uterus 5.8×10
-19

 3.0×10
-19

 1.3×10
-19

 8.6×10
-20

 5.6×10
-20

 5.5×10
-20

 5.1×10
-20

 2.9×10
-20

 

Remainder 1.2×10
-16

 4.9×10
-17

 2.7×10
-17

 1.5×10
-17

 9.1×10
-18

 9.2×10
-18

 8.6×10
-18

 1.3×10
-17

 

Colon 6.1×10
-19

 3.1×10
-19

 1.4×10
-19

 9.0×10
-20

 5.8×10
-20

 5.8×10
-20

 5.3×10
-20

 3.0×10
-20

 

Effective Dose 2.3×10
-14

 1.2×10
-14

 6.7×10
-15

 4.5×10
-15

 3.2×10
-15

 3.3×10
-15

 2.9×10
-15

 3.4×10
-15

 

St – Stomach; SI – Small intestine; ULI – Upper large intestine; LLI – Lower large intestine;  756 
ET – Extrathoracic; GB – Gallbladder; HT – Heart, ♂ – male, ♀ – female  757 

758 
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 759 
Table A15. Inhalation dose coefficients (Sv Bq

-1
) of 

214
Po for 230 nm AMAD as a function of 760 

age. 761 
 762 
Organs\Age 3 mo 1 y 5 y 10 y 15 y ♂ 15 y ♀ Adult ♂ Adult ♀ 

Adrenals 3.2×10
-19

 1.6×10
-19

 7.1×10
-20

 4.3×10
-20

 2.8×10
-20

 2.9×10
-20

 2.5×10
-20

 1.4×10
-20

 

Bladder wall 3.3×10
-19

 1.6×10
-19

 7.1×10
-20

 4.4×10
-20

 2.9×10
-20

 2.9×10
-20

 2.5×10
-20

 1.4×10
-20

 

Bone surfaces 1.2×10
-17

 6.2×10
-18

 4.7×10
-18

 5.8×10
-18

 8.3×10
-18

 8.3×10
-18

 8.2×10
-18

 3.9×10
-18

 

Brain 3.2×10
-19

 1.6×10
-19

 7.1×10
-20

 4.3×10
-20

 2.8×10
-20

 2.9×10
-20

 2.5×10
-20

 1.4×10
-20

 

Breasts 3.2×10
-19

 1.6×10
-19

 7.1×10
-20

 4.3×10
-20

 2.8×10
-20

 2.9×10
-20

 2.5×10
-20

 1.4×10
-20

 

St wall 3.2×10
-19

 1.6×10
-19

 7.1×10
-20

 4.3×10
-20

 2.8×10
-20

 2.9×10
-20

 2.5×10
-20

 1.4×10
-20

 

SI wall 3.2×10
-19

 1.6×10
-19

 7.1×10
-20

 4.3×10
-20

 2.8×10
-20

 2.9×10
-20

 2.5×10
-20

 1.4×10
-20

 

ULI wall 3.3×10
-19

 1.7×10
-19

 7.2×10
-20

 4.4×10
-20

 2.9×10
-20

 2.9×10
-20

 2.5×10
-20

 1.4×10
-20

 

LLI wall 3.5×10
-19

 1.7×10
-19

 7.6×10
-20

 4.6×10
-20

 3.0×10
-20

 3.0×10
-20

 2.6×10
-20

 1.5×10
-20

 

Kidneys 9.9×10
-18

 4.8×10
-18

 2.3×10
-18

 1.6×10
-18

 1.2×10
-18

 1.2×10
-18

 1.0×10
-18

 5.7×10
-19

 

Liver 5.5×10
-18

 2.9×10
-18

 1.3×10
-18

 8.8×10
-19

 6.1×10
-19

 6.1×10
-19

 5.1×10
-19

 3.2×10
-19

 

Lung 8.2×10
-14

 4.2×10
-14

 2.4×10
-14

 1.7×10
-14

 1.2×10
-14

 1.3×10
-14

 9.7×10
-15

 1.3×10
-14

 

ET 5.5×10
-13

 2.4×10
-13

 9.0×10
-14

 5.5×10
-14

 2.8×10
-14

 2.9×10
-14

 2.8×10
-14

 3.2×10
-14

 

Muscle 3.2×10
-19

 1.6×10
-19

 7.1×10
-20

 4.3×10
-20

 2.8×10
-20

 2.9×10
-20

 2.5×10
-20

 1.4×10
-20

 

Ovaries 3.2×10
-19

 1.6×10
-19

 7.1×10
-20

 4.3×10
-20

 - 2.9×10
-20

 - 1.4×10
-20

 

Pancreas 3.2×10
-19

 1.6×10
-19

 7.1×10
-20

 4.3×10
-20

 2.8×10
-20

 2.9×10
-20

 2.5×10
-20

 1.4×10
-20

 

Red marrow 5.1×10
-18

 2.2×10
-18

 1.0×10
-18

 7.4×10
-19

 6.3×10
-19

 6.3×10
-19

 5.0×10
-19

 3.6×10
-19

 

Skin 3.2×10
-19

 1.6×10
-19

 7.1×10
-20

 4.3×10
-20

 2.8×10
-20

 2.9×10
-20

 2.5×10
-20

 1.4×10
-20

 

Spleen 1.1×10
-17

 5.1×10
-18

 2.4×10
-18

 1.5×10
-18

 1.1×10
-18

 1.1×10
-18

 8.0×10
-19

 4.4×10
-19

 

Testes 3.2×10
-19

 1.6×10
-19

 7.1×10
-20

 4.3×10
-20

 2.8×10
-20

 - 2.5×10
-20

 - 

Thymus 3.2×10
-19

 1.6×10
-19

 7.1×10
-20

 4.3×10
-20

 2.8×10
-20

 2.9×10
-20

 2.5×10
-20

 1.4×10
-20

 

Thyroid 3.2×10
-19

 1.6×10
-19

 7.1×10
-20

 4.3×10
-20

 2.8×10
-20

 2.9×10
-20

 2.5×10
-20

 1.4×10
-20

 

GB wall 3.2×10
-19

 1.6×10
-19

 7.1×10
-20

 4.3×10
-20

 2.8×10
-20

 2.9×10
-20

 2.5×10
-20

 1.4×10
-20

 

HT wall 3.2×10
-19

 1.6×10
-19

 7.1×10
-20

 4.3×10
-20

 2.8×10
-20

 2.9×10
-20

 2.5×10
-20

 1.4×10
-20

 

Uterus 3.2×10
-19

 1.6×10
-19

 7.1×10
-20

 4.3×10
-20

 2.8×10
-20

 2.9×10
-20

 2.5×10
-20

 1.4×10
-20

 

Remainder 2.7×10
-13

 1.2×10
-13

 4.5×10
-14

 2.7×10
-14

 1.4×10
-14

 1.5×10
-14

 1.4×10
-14

 1.6×10
-14

 

Colon 3.4×10
-19

 1.7×10
-19

 7.4×10
-20

 4.5×10
-20

 3.0×10
-20

 3.0×10
-20

 2.6×10
-20

 1.5×10
-20

 

Effective Dose 2.4×10
-14

 1.1×10
-14

 5.1×10
-15

 3.4×10
-15

 2.2×10
-15

 2.2×10
-15

 1.9×10
-15

 2.4×10
-15

 

St – Stomach; SI – Small intestine; ULI – Upper large intestine; LLI – Lower large intestine;  763 
ET – Extrathoracic; GB – Gallbladder; HT – Heart, ♂ – male, ♀ – female  764 

 765 
766 
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 767 
Table A16. Inhalation dose coefficients (Sv Bq

-1
) of 

214
Po for 2500 nm AMAD diameter as a 768 

function of age. 769 
 770 
Organs\Age 3 mo 1 y 5 y 10 y 15 y ♂ 15 y ♀ Adult ♂ Adult ♀ 

Adrenals 3.3×10
-19

 1.6×10
-19

 8.2×10
-20

 5.7×10
-20

 3.9×10
-20

 3.9×10
-20

 3.4×10
-20

 1.6×10
-20

 

Bladder wall 3.3×10
-19

 1.7×10
-19

 8.3×10
-20

 5.7×10
-20

 3.9×10
-20

 3.9×10
-20

 3.4×10
-20

 1.6×10
-20

 

Bone surfaces 1.2×10
-17

 6.3×10
-18

 5.5×10
-18

 7.6×10
-18

 1.1×10
-17

 1.1×10
-17

 1.1×10
-17

 4.3×10
-18

 

Brain 3.3×10
-19

 1.6×10
-19

 8.2×10
-20

 5.7×10
-20

 3.9×10
-20

 3.9×10
-20

 3.4×10
-20

 1.6×10
-20

 

Breasts 3.3×10
-19

 1.6×10
-19

 8.2×10
-20

 5.7×10
-20

 3.9×10
-20

 3.9×10
-20

 3.4×10
-20

 1.5×10
-20

 

St wall 3.3×10
-19

 1.6×10
-19

 8.3×10
-20

 5.7×10
-20

 3.9×10
-20

 3.9×10
-20

 3.4×10
-20

 1.6×10
-20

 

SI wall 3.3×10
-19

 1.6×10
-19

 8.2×10
-20

 5.7×10
-20

 3.9×10
-20

 3.9×10
-20

 3.4×10
-20

 1.6×10
-20

 

ULI wall 3.4×10
-19

 1.7×10
-19

 8.5×10
-20

 5.9×10
-20

 3.9×10
-20

 3.9×10
-20

 3.5×10
-20

 1.6×10
-20

 

LLI wall 3.5×10
-19

 1.8×10
-19

 8.9×10
-20

 6.2×10
-20

 4.1×10
-20

 4.1×10
-20

 3.7×10
-20

 1.7×10
-20

 

Kidneys 9.9×10
-18

 4.9×10
-18

 2.7×10
-18

 2.1×10
-18

 1.7×10
-18

 1.7×10
-18

 1.4×10
-18

 6.3×10
-19

 

Liver 5.6×10
-18

 3.0×10
-18

 1.5×10
-18

 1.2×10
-18

 8.3×10
-19

 8.3×10
-19

 7.1×10
-19

 3.5×10
-19

 

Lung 4.1×10
-14

 2.6×10
-14

 2.0×10
-14

 1.7×10
-14

 1.6×10
-14

 1.6×10
-14

 1.4×10
-14

 1.5×10
-14

 

ET 2.1×10
-12

 8.8×10
-13

 3.9×10
-13

 2.4×10
-13

 1.5×10
-13

 1.5×10
-13

 1.4×10
-13

 1.6×10
-13

 

Muscle 3.3×10
-19

 1.6×10
-19

 8.2×10
-20

 5.7×10
-20

 3.9×10
-20

 3.9×10
-20

 3.4×10
-20

 1.6×10
-20

 

Ovaries 3.3×10
-19

 1.6×10
-19

 8.2×10
-20

 5.7×10
-20

 - 3.9×10
-20

 - 1.5×10
-20

 

Pancreas 3.3×10
-19

 1.6×10
-19

 8.2×10
-20

 5.7×10
-20

 3.9×10
-20

 3.9×10
-20

 3.4×10
-20

 1.5×10
-20

 

Red marrow 5.1×10
-18

 2.3×10
-18

 1.2×10
-18

 9.8×10
-19

 8.6×10
-19

 8.6×10
-19

 6.9×10
-19

 4.0×10
-19

 

Skin 3.3×10
-19

 1.6×10
-19

 8.2×10
-20

 5.7×10
-20

 3.9×10
-20

 3.9×10
-20

 3.4×10
-20

 1.5×10
-20

 

Spleen 1.1×10
-17

 5.2×10
-18

 2.8×10
-18

 2.0×10
-18

 1.4×10
-18

 1.4×10
-18

 1.1×10
-18

 4.8×10
-19

 

Testes 3.3×10
-19

 1.6×10
-19

 8.2×10
-20

 5.7×10
-20

 3.9×10
-20

 - 3.4×10
-20

 - 

Thymus 3.3×10
-19

 1.6×10
-19

 8.3×10
-20

 5.7×10
-20

 3.9×10
-20

 3.9×10
-20

 3.4×10
-20

 1.6×10
-20

 

Thyroid 3.3×10
-19

 1.6×10
-19

 8.2×10
-20

 5.7×10
-20

 3.9×10
-20

 3.9×10
-20

 3.4×10
-20

 1.6×10
-20

 

GB wall 3.3×10
-19

 1.6×10
-19

 8.2×10
-20

 5.7×10
-20

 3.9×10
-20

 3.9×10
-20

 3.4×10
-20

 1.5×10
-20

 

HT wall 3.3×10
-19

 1.6×10
-19

 8.2×10
-20

 5.7×10
-20

 3.9×10
-20

 3.9×10
-20

 3.4×10
-20

 1.6×10
-20

 

Uterus 3.3×10
-19

 1.6×10
-19

 8.2×10
-20

 5.7×10
-20

 3.9×10
-20

 3.9×10
-20

 3.4×10
-20

 1.5×10
-20

 

Remainder 1.1×10
-12

 4.4×10
-13

 1.9×10
-13

 1.2×10
-13

 7.3×10
-14

 7.3×10
-14

 7.0×10
-14

 7.8×10
-14

 

Colon 3.4×10
-19

 1.7×10
-19

 8.7×10
-20

 6.0×10
-20

 4.0×10
-20

 4.0×10
-20

 3.6×10
-20

 1.6×10
-20

 

Effective Dose 5.8×10
-14

 2.5×10
-14

 1.2×10
-14

 8.1×10
-15

 5.6×10
-15

 5.6×10
-15

 5.2×10
-15

 5.8×10
-15

 

St – Stomach; SI – Small intestine; ULI – Upper large intestine; LLI – Lower large intestine;  771 
ET – Extrathoracic; GB – Gallbladder; HT – Heart, ♂ – male, ♀ – female 772 


