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clearance, and lung deposition. Using a home condition of 1 Bq.m-3, radon progeny particle-absorbed 
doses in the trachea, bronchi, bronchioles, alveolar-interstitial sections, and lungs were determined in the 
first scenario. The 1 Bq.m-3 is replaced with the radon level for each factory to prepare its atmosphere in 
the second scenario. For the first scenario, the absorbed dose was discovered to be 8.02 in the trachea 
and bronchi (BB) section, 9.20 in the bronchioles (bb) area, 0.114 in the alveolar-interstitial (AI) section, 
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ORIGINAL ARTICLE

Lung Dosimetry Model of Inhaled 222Rn for
Workers at Selected Building Material Factories in
Erbil City, Iraq

Sardar Qader Othman a,*, Ali Hassan Ahmed b, Sarbaz Ibrahim Mohammed c

a Department of Physiotherapy, Erbil Technical Health and Medical College, Erbil Polytechnic University, Kurdistan Region, Iraq
b Department of Physics, College of Science, Salahaddin University, Erbil, Kurdistan Region, Iraq
c Department of Biology, College of Science, Salahaddin University, Erbil, Kurdistan Region, Iraq

Abstract

Radon gas can cause lung harm, leading to extensive research on the biological effects of radon exposure in human
lungs under various environmental conditions. The study estimates radon progeny doses for workers in Erbil city's
building materials industries, focusing on alpha particle energy deposition, particle clearance, and lung deposition.
Using a home condition of 1 Bq.m¡3, radon progeny particle-absorbed doses in the trachea, bronchi, bronchioles,
alveolar-interstitial sections, and lungs were determined in the first scenario. The 1 Bq.m¡3 is replaced with the radon
level for each factory to prepare its atmosphere in the second scenario. For the first scenario, the absorbed dose was
discovered to be 8.02 in the trachea and bronchi (BB) section, 9.20 in the bronchioles (bb) area, 0.114 in the alveolar-
interstitial (AI) section, and 5.78 mGy.WLM¡1 in the whole lung. While, for the typical environment of various factories
(second scenario), the doses of all regions (BB region, bb region, AI region, and whole lung) ranged from 214.29, 245.82,
3.04, and 154.38 mGy.WLM¡1 for workers at the gypsum factory to 1425.39, 1635.11, 20.26, and 1062.92 mGy.WLM¡1,
respectively, for workers at the red brick 1 factory. In accordance with the scientific literature, the dosimetry method
yields a dose conversion factor (DCF) of 13.87 mSv WLM¡1 for lung in the first scenario. Advanced dosimetry analysis of
breathed radon progeny can reveal structural, biological, and ecological factors affecting absorbed doses and enhance
defense against irradiation, especially in high-radon regions.

Keywords: Lung dosimetry, Radon progeny, Absorbed dose, Radon concentration

1. Introduction

M any epidemiological investigations and ani-
mal testing have indicated that contact with

radon (222Rn) is related to pulmonary disease [1e3].
This is expected because alpha particles that are
emitted by radon daughter are coated on the
membranes of pulmonaria's passageways and may
directly displace atomic structures, resulting in
chemical and biological alterations when absorbed
by sensitive cells. During the radiolysis of water, it
can also indirectly intervene. Also, several studies
have been performed not just on humans [4] but
also on animals used in research [5e8].

Radon is a chemically inert gas that is colorless,
odorless, and tasteless. Naturally, it originates from
soil, building materials, and water [9]. It is created
when radium, a byproduct of uranium decay, is
released. The general populace's interior exposure
to radon and its offspring has been reported to have
a dangerous dose effect. The majority of natural
public exposure comes from radon and its rapidly
decomposing byproducts, which account for around
50% of the effective population dose globally [10].
After smoking tobacco, radon is the second-biggest
cause of lung cancer. The hazards caused by
inhaling radon decay products are lung cancer, skin
cancer, and kidney diseases [11]. Inhaled radon
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typically remains in or is discharged from the lung
airways unharmed because it is an inert gas.
Nonetheless, the bloodstream may retain 1% of the
radon inhaled through gas exchange and distribute
it throughout the flesh [12,13]. This implies that in
addition to exposing the lungs, radon could harm a
variety of structures and systems; however, the ra-
diation doses that result are significantly lower than
those that arise from radon progeny inhalation.
Dose conversion factors for radon, such as for ura-
nium miners, have been found by comparing the
danger per unit dose from sources other than radon
research, such as atomic bomb survivors, to the
danger per unit contact in the working level month
(WLM) from radon analyses. Epidemiology-based
dose conversion factors are known, and they are
frequently stated as an effective dose per unit
exposure (mSv.WLM�1). It's crucial to keep in mind
that the risk of dying from lung cancer might be
comparable to the radon health risk [14]. The In-
ternational Commission for Radiological Protection
(ICRP) updates and publishes the risk thresholds for
inhaling radon on a regular basis [15]. The Com-
mittee provided figures for the risk of lung malig-
nancy demise for staffs and the overall civic (as well
as kids) of 5.6 � 10�5 and 7.3 � 10�5 mSv�1,
respectively. These numbers were later changed to
4.2 � 10�5 and 5.7 � 10�5 mSv�1 [16], depending on
the old values [15,17]. For the population and the
employees, the rounded dose conversion factors for
radon were 4 and 5 mSv.WLM�1, respectively. The
updated risk scores, though, produce dose conver-
sion factors of 9 and 12 mSv.WLM�1 [16,18].
There have been some epidemiological in-

vestigations to see whether there is a connection
between radon gas and leukemia since it can more
easily be disseminated into the red bone marrow
[19,20]. Also, mice were exposed to radon gas in
certain experiments on animals at different doses
and for different lengths of time [21]. In these situ-
ations, precisely estimating the absorbed doses for
the relevant human organs or tissues would enable
a quantitative discussion of biological reactions. The
objective of the current research is to estimate
absorbed doses in workers lungs at selected build-
ing material factories in Erbil City arising from
radon progeny inhalation. The outcomes will be
compared to those from other mathematical models.

2. Material and methods

2.1. The study area

Based on the past studies, indoor radon levels in a
few enterprises producing building supplies in

Erbil, the regional capital of Iraqi Kurdistan, were
monitored. Over 1.9 million people live in Erbil,
which covers an area of 80,000 square kilometers.
The average radon concentration readings varied
from 26.72 to 177.73 Bq.m�3 [22]. The annual effec-
tive dose was determined to be (2.179 1) mSv.y�1 on
average, and the annual lung cancer rate per 106

people was reported to be (94.125) [22]. The location
and the measured average radon concentration in
the study area were illustrated as shown in Figure 1
and Table 1.
To determine the lung dose of radon that workers

in the factories inhaled, the current study has
adopted two scenarios. The first scenario was chosen
as a home condition with 1 Bq.m�3 of radon con-
centration, and the second scenario is based on the
selected building material factories environment
from previous work [22] with an average radon
concentration ranging from (26.72e177.73) Bq.m�3.
In this study, male participant utilized the mathe-
matical lung model adopted by [23]. Using lungs
with completely expanded volumes, the initial
model was created (i.e., TLC). To accommodate the
lung volume of interest, which is the lung volume
during both the inspiratory and expiratory seg-
ments, the pulmonary artery dimensions have been
reduced [24]. As displayed in Table 2 for humans,
there are 25 phases in the pulmonary model. The
tracheobronchial (TB) and alveolar-interstitial (AI)
sections are two different categories for airflow
generation. The trachea and bronchi (BB area), the
bronchioles, and the terminal bronchioles are addi-
tional divisions of the TB region (bb region). The
interfacial connective tissues, alveolar ducts, and
respiratory bronchioles make up the AI area. The
Human Respiratory Tract Model (HRTM), created
by the International Commission on Radiological
Protection, is congruent with this designation [25].
Table 3 summarizes physiological parameters

associated with breathing. A worker who uses their
nose to breathe was used to establish the breathing
parameters for humans while performing light duty
(68.75% bright workout and 31.25% sedentary break)
[25]. The TLC corresponds to the original size of the
employed pulmonary models and is the total volume
of all airways in the lungs when wholly extended has
been used [26,27]. Regarding particles, the following
presumptions were applied: Aerosol particles have a
density of 1 g cm3 and are oval. Because aerosols
have a dimensionless, highly porous growth factor,
they do not collect water and do not vary in size as
they travel through the lung air passages.
At a radon concentration of 1 Bq.m�3, the ratios

of ambient radioactive concentrations were first
supplied as a function of doses to the trachea and
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bronchi, bronchioles and terminal bronchioles,
alveolar-interstitial regions, and total lungs. The
ratios are 222Rn: 218Po: 214Pb: 214Bi: 214Po ¼ 1:0.84:
0.45:0.2:0.2 for radon progeny attached to aerosols
and 1:0.026:0.0026:0:0 for those unattached. This
corresponds to F ¼ 0.4 and fp ¼ 0.06, which reflect
the ambient settings in homes [14,24,29].

2.2. Particle deposition

Following that, particle depositions for air
passageway divisions in the BB, bb, and AI regions

were identified. Particle diffusion was one of the
theorized deposition mechanisms used in the com-
putations, along with sedimentation or internal
impaction [24], as given below.

2.2.1. Diffusion [24]

hi;D¼ 1� 0:819e�7:314xi � 0:0976e�44:61xi

� 0:0325e�114xi � 0:0509e�79:31xi2=3
ð1Þ

For laminal flow hi;D¼2:828X
1
2

�
1�0:314X

1
2þ…

�
ð2Þ

For turbulent flow hE
i;D¼1� ð1�hi;DÞfe for 10 <

Li

Ri

ð3Þ

x¼ LiDP

2R2
i vi

ð4Þ

where Dp is the particle-air diffusion coefficient in
cm2:s1. The diffusion coefficient for the aerosol par-
ticle can be derived from the StokeseEinstein
equation [30].

Table 1. Radon activity concentration in the studied factories (Bq.m�3)
[22].

No. Factory Radon activity
concentration (Bq.m�3)

1 Artificial-marble 38.31
2 Cement-plant 127.37
3 Lightweight block 107.81
4 Marble 113.44
5 Red-brick 1 177.73
6 Red-brick 2 169.46
7 Concrete-block1 51.46
8 Concrete-block 2 54.46
9 Crusher-stone 87.50
10 Kashi-mosaic 58.30
11 Tile 64.09
12 Ceramic 46.06
13 Gypsum 26.72

Figure 1. The locations surveyed for this study [22].
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DP¼ kBT
3pmdp

ð5Þ

Where kB is the Boltzmann constant, which equals
1.38*10�16 gm cm2.s�2. k�1, T is the room tempera-
ture (293 K), m is the viscosity of air at normal tem-
perature (1.81*10�4 g.cm�1. s�1) and dp is the
particle diameter (200 nm for attached particles and
1 nm for unattached particles) [28].
Ri represents the pulmonary radius in the ith

generation (cm).
vi is the air's average flow rate during intake or

exhaust in the ith generation (cm.s�1).

For the effect of entrance configuration

fe¼1þ
�
2qi
p

��
13�12qi

p

��
2Ri

Li

�
ð6Þ

2.2.2. Sedimentation [31]

hi;s¼1� exp

 
�4gCrpr2pLi cos∅i

9pmRivi

!
ð7Þ

Where

Table 2. Characteristic pulmonary models for humans [23,24].

Region Subregion Generation ni LiðmmÞ DiðcmÞ qið�Þ ∅ið�Þ Viðcm3Þ Siðcm2Þ viðmm:sec�1Þ mTðKgÞ
TB BB 1 1 100 2.01 0 0 31.73 3.17 1191.23 0.000158

2 2 43.6 1.56 33 20 16.67 3.82 988.8 0.000107
3 4 17.8 1.13 34 31 7.14 4.01 942.26 0.000634
4 8 9.65 0.827 22 43 4.15 4.3 879.6 0.000505
5 16 9.95 0.651 20 39 5.3 5.33 709.75 0.000821
6 32 10.1 0.574 18 39 8.36 8.28 456.46 0.000147
7 64 8.9 0.435 19 40 8.47 9.51 397.4 0.000198
8 128 9.62 0.373 22 36 13.46 13.99 270.25 0.000368
9 256 8.67 0.322 28 39 18.07 20.85 181.31 0.000574

bb 10 512 6.67 0.257 22 45 17.72 26.56 142.31 0.000185
11 1024 5.56 0.198 33 43 17.53 31.53 119.88 0.000239
12 2048 4.46 0.156 34 45 17.46 39.14 96.56 0.000304
13 4096 3.59 0.118 37 45 16.08 44.79 84.38 0.000372
14 8192 2.75 0.092 39 60 14.98 54.46 69.41 0.000448
15 16,384 2.12 0.073 39 60 14.54 68.57 55.11 0.000553
16 32,768 1.68 0.06 51 60 15.57 92.65 40.8 0.000728

AI 17 65,536 1.07 0.054 45 60 20.11 150.09 26.03 0.00011
18 131,072 0.96 0.05 45 60 30.88 257.36 15.18
19 262,144 0.74 0.047 45 60 41.84 454.81 8.6
20 524,288 0.64 0.045 45 60 66.71 833.84 4.68
21 1,048,576 0.56 0.044 45 60 111.61 1594.39 2.45
22 2,097,152 0.5 0.044 45 60 200.89 3188.78 1.23
23 4,194,304 0.46 0.043 45 60 347.19 6090.97 0.63
24 8,388,608 0.42 0.043 45 60 645.64 12181.95 0.31
25 3*10̂8 0.2 0.03 45 60 3871.8 e 0.018

Where ni is the number of passageways in the ith iteration
Di is the pulmonary diameter in the ith generation (cm).
vi represents air's average flow rate during intake or exhaust in the ith generation (mm.sec�1).
Li is the pulmonary distance in the ith generation (cm).
qi is the shift in bulk air movement direction from the i - 1th section into the ith section, which is represented by the branched angle (rad).
∅i is the ith generation's inclination angle (rad).
Vi is the nasal capacity in the i.t. generation (cm3).
Si is the average circumference of the ith group's passageways (cm2).
mT is the target weight (kg).

Table 3. Physiological parameters for humans [24,28].

Class TLC (ml) TV (ml) LV (ml) FRC (ml) f (min�1) B (ml.min�1)

Humans 6993.52 1094 3847 3300 17.5 20,000

TLC: Total lung capability (ml), or the amount of air that can be taken in by the lungs at their full potential.
TV: Tidal volume (ml), which measures the amount of air taken in and expelled during an inhalation.
LV: Altering lung capacity (ml).
FRC: Capacity for functioning residuals (ml), which is the amount of air in the lungs at the end of a typical gasp.
F: Breathing frequency (min�1).
B: The rate of breathing (ml.min�1).
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C¼ 1
1þ 0:42�Kn

þ 1:67Kn andKn ¼
lp

rp
ð8Þ

lp¼ KTffiffiffi
2

p
pd2

pP
ð9Þ

where C is the Cunningham slip correction factor, g
is the acceleration due to gravity (cm.s�2), rp is the
particle density (kg.cm�3), rp represents the particle
radius (cm), m is the air's viscosity (kg.cm�1.s�1), Kn

is the Knudsen number, lp is the mean free route of
airborne molecules (cm), and P is the pressure at 1
atmp (1 atmp ¼ 760 and Tor ¼ 760 mmHg).

2.2.3. Internal impaction [24]

hi;I¼1� 2
p
cos�1ðqi:StKÞ þ 1

p
sin
�
2 cos�1ðqi:StKÞ

� ð10Þ
For qi:StK < 1 and hi;D ¼ 1 for 1 � qi:StK

Where StK is the number of stokes given in the
following equation:

StK¼
CrPr2pvi

9mRi
ð11Þ

The following equation can be used to deter-
mine the overall efficiency of every step [32]:

hi¼hE
i;D þhi;s þhi;I �hE

i;Dhi;s �hE
i;Dhi;I �hi;shi;I

þhE
i;Dhi;shi;I

ð12Þ

The deposition fraction must be calculated after
obtaining the deposition efficiency; this is distinct
from the deposition efficiency. The portion of gas-
ped particles that is accumulated in successive
generations of the airways throughout a sniff is
known as the deposition fraction. It is calculated
using the cubicle model described in [33]. The res-
piratory system is viewed in this framework as a
system made up of numerous partitions (i.e., airway
stages) that are sequentially linked (Figure 2).
The air that is inhaled can be split up into

different parts, and each of them approaches a
specific generation throughout inhalation. The
following link exists between the tidal volume and
airway volumes:

TV¼V1þV2þV3þ…þVL ð13Þ
The final compartment that the inhaled air

reaches is the VL. The air breathed does not reach
the 25th generation of rats because Generation L

Figure 2. Compartment method for estimating proportions of particles deposited [24].
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was 24 for them. It should be emphasized that this
equation makes no assumptions regarding the
mixing of residual air and inhaled air. Upon inha-
lation, the deposition portion in the ith cubicle can
be represented as [24,33].

DEi;In¼ð1�h1;InÞð1�h2;I;nÞ…ð1�hi�1;InÞ

�fhi;InðViþ1þViþ2þ…þVLÞþ0:5hi;InVig
�

1
TV

�
ð14Þ

Additionally, the following formula can be used
to determine the deposition fraction during
exhalation:

DEi;Ex¼
"Yi�1

j¼1

	
1�hj;In


#ð1�0:5hi;InÞ0:5hi;Ex
Vi

TV

þ
"Yi

j¼1

	
1�hj;In


#
hi;Ex

�
XL
j¼iþ1

" Yj�1

K¼iþ1

ð1�hk;ExÞð1�hk;InÞ
#

	
1�0:5hj;In


� 	1�0:5hj;Ex


� Vj

TV

�

ð15Þ

The total deposition fraction (DEi) per breath is
calculated as the product of DEi;In and DEi;Ex. The
sum of DEi over all compartments was used to
compute the particle depositions for BB, bb, and AI
[24,33].

2.3. Particle clearance model

There are three primary methods to eliminate
particles trapped in the respiratory system: (a) the
mucociliary enters the digestive system and trans-
ports them to the pharynx; (b) lymphatic vessels
enter local lymph nodes; and (c) the particles are
broken down and metabolized in the bloodstream.
Only the mucociliary activity in the BB and bb areas
was included in the clearance design in the current
investigation. This is because processes (b) and (c)
typically proceed at rates that are substantially
slower than processes (a) and the rates at which
radon daughters’ decay. The current analysis does
not take into account any clearances in the AI region
[28,30,34,35].
Table 4 includes a table of the mucous velocity

characteristics for each duct secretion in the BB and
bb areas. The velocities vi mm :min�1 were assessed
by Eq (16). From [34].

vi¼v1D1

niDi
ð16Þ

The mucous speed of the trachea can be used to
compute the velocities for the remaining divisions
(generation 1). The velocity in the trachea,
v1 mm:min�1, might be roughly calculated using the
weight W (kg) from [36].

v1¼3:02W0:41 ð17Þ

where ni number of airways in the ith section, D1 is
the tracheal diameter, and Di is the airway diameter
in the ith generation (mm).
The mean residence time TiðminÞ of particles

within every airway iteration was then determined
from the equation below.

Ti¼0:5Li

vi
ð18Þ

The values of Ti appear to be equivalent to the
half-lives of radon progeny, with short half-lives
3.10 min for 218Po, 26.8 min for 214Pb, 19.9 min for
214Bi, and 164.3 mmin for 214Po).
Using [34], who employed a compartmentalized

model with series connections between the airflow
segments, the principal equations describing the
kinetics of particle clearance were derived. This al-
lows us to express the variation in the number of
radon descendants in the ith phase per time as [24]:

dMi;po�218

dt
¼DEi;po�218:B:NPO�218 �

Mi;po�218

TI

þMiþ1;PO�218

Tiþ1
�Mi;po�218lpo�218

ð19Þ

Table 4. Criteria for mucociliary clearance in humans [24].

Region Subregion Generation For humans

viðmm:min�1Þ TiðminÞ
TB BB 1 5.5 9.1

2 4 5.5
3 2 4.5
4 1.3 3.7
5 1 5.0
6 0.9 5.6
7 0.7 6.4
8 0.6 8.0
9 0.4 10.8

Bb 10 0.3 11.1
11 0.2 13.9
12 0.1 22.3
13 0.04 44.9
14 0.02 68.8
15 0.005 212.0
16 0.001 840.0
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dMi;pb�214

dt
¼ DEi;pb�214:B:NPb�214 �

Mi;pb�214

TI

þMiþ1;Pb�214

Tiþ1
�Mi;pb�214lpb�214

þMi;po�218lpo�218

ð20Þ

dMi;Bi�214

dt
¼ DEi;Bi�214:B:NBi�214 �Mi;Bi�214

TI
þMiþ1;Bi�214

Tiþ1

�Mi;Bi�214lBi�214 þMi;pb�214lpb�214

ð21Þ
All generations of the differential equation set

in the BB and bb areas were quantitatively deter-
mined. Using the decay constants of lambda ln, the
solutions of Mi;n were merely translated to the
radioactivity of Ai;n. Due to radiological equilibrium,
it is fair to infer that Ai;po�214 is equal to Ai;Bi�214 in
these circumstances.

ln¼ ln 2
t1=2

¼ 0:693
t1=2

ð22Þ

ln is the decay constant (min�1), and n denotes
a radioisotope in the suffix.
Mi;n is the number of particles implanted in the ith

generation. A particle is a radioisotope, which is
what the suffix n" stands for.

2.4. Dosimetry

Calculations were made to determine the average
energy absorbed in the targeting (T) per radiation
emitted from the supply (S); this is known as the
absorbing fraction (AF). reference [24] which pro-
vides the AF.

AFðT)SÞR¼
EðT)SÞR

ER
ð23Þ

where EðT)SÞR is the radiation energy and ER is the
typical amount of energy that T receives for each
release of R in S. Because beta particles and gamma
rays have far lower absorbed energy than alpha
particles, only alpha particles from 218Po and 214Po
are taken into account in this AF computation. The
absorption of those alpha particles from mucus tis-
sue (the source) to several goal tissues was
measured [24].
The dose that was absorbed, DT (Gy), can be

computed as follows:

DT¼1:6� 10�13 �AiEaAFðT)SÞa
mT

ð24Þ

where Ai (Bq) is the radioactivity in the ith section,
Ea (MeV) is the alpha particles' fundamental energy,
and mT (kg) is the target weight.
Each generation's absorbed dose in the region was

evenly summed to acquire DBBð¼ 0:5 Dsecretory þ
0:5 DbasalÞ, Dbb, or DAI, respectively. The dose of the
entire lung (DWL) was subsequently computed as
follows [28].

DWL¼1
3
ðDBBþDbbþDAIÞ ð25Þ

Equation (26) gives the effective dose of radon
progeny nuclide-induced lung (in Sv. Bq�1).

E¼WT �WR �DWL ð26Þ

Where WT ¼ 0:12 denotes the lung's tissue weight-
ing factor. Moreover, WR ¼ 20 stands for the parti-
cle's radiation weighting factor [37].

3. Results and discussion

The homogeneity of the absorbing fraction (AF) of
alpha particles released from radon daughters in the
mucus is depicted in Figure 3. The AFs at various
places have differing strengths depending on the
various target categories. Even though the geometry
of the source and the target is different in this
article, the absorbing fraction results presented here
are comparable to those of the radon daughter
presented in [24]. This outcome could be interpreted
qualitatively by considering the distribution of
alpha particles and the separation of the supplier
and the objective. In the BB section, take into ac-
count the AF of 218Po for secretory tissues, as shown
in Figure 3a. The ranges of 214Po (7.69 MeV) and
218Po (6.00 MeV) alpha particles in water are
approximately 50 and 74 mm, respectively. For
humans, the separation between the secretory tissue
and the mucus is about 50 mm. The peak of an alpha
particle's stopping power occurs right before the
range's end. As a result, the absorbing fraction tends
to increase when the separation across the source
and the objective approaches the alpha particle's
effective range. This also explains the striking dif-
ferences in AFs between the BB and bb sections
revealed in Figure 3. For instance, in the BB and bb
areas of humans, the close proximity of the mucus to
the secretory tissue is around 50 and 20 mm,
respectively. This distance for the BB region is
comparable to the alpha particle range (50 or 74 mm),
so it is predicted that the energies will be absorbed
more efficiently in the BB region by the target layer
than in the bb region [24,25].
For both scenarios, rates of absorbed doses

were calculated using particle deposition and
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clearance models. The complete lung and each
region's absorbed doses are displayed in Table [5].
The definition of a reference home environment
condition, which is nearly identical to [14,28], was
provided in the first scenario as shown in Table 3.
This is consistent with the average atmospheric
conditions in dwellings: F ¼ 0.4 (equilibrium factor)
and fp ¼ 0.06 (unattached fraction). The second
scenario, though, came from atmospheric condi-
tions in the selected building factories previously
reported by [22]. The only thing that changed
was the radon concentration at each factory. The
result shown in Table 5 is that the bb and BB
regions have the highest absorbed dose compared
to the AI region. Because the specific tissues in
the BB and bb areas have lesser masses than
those in the AI region, the doses to the bronchial
(BB) and bronchiolar (bb) regions are higher
than those to the alveolar-interstitial (AI) region
[38].

Due to the high dose of radon inhaled through the
bronchi, Figure 3 demonstrates that BB areas had
the highest absorbed dose. This was due to the
deposition of radon decay products or their prog-
eny, which emit alpha radiation into the bronchi
and lungs, thereby increasing the risk of lung cancer
[39].
Absorbed doses of lungs were compared for two

dissimilar scenarios of radon and its byproducts
exposure. Radon gas is the source of exposure in
cases 1 and 2, and its degradation products (218Po
and 214Po) also contribute to the doses. This is
because 218Po has a half-life of 3.05 min and is the
direct progeny arising from the decay of 222Rn.
When 218Po decays, it emits a-particle with a rela-
tively high energy of 6.12 MeV. The absorbed doses
calculated in the first scenario in all regions (DBB,
Dbb, DAI, and whole lung) are 8.02, 9.2, 0.114 and
5.78 mGy.WLM�1, respectively, which is in agree-
ment with that made by [38]. Table 6 demonstrates

Figure 3. Absorbing fractions (AF) of alpha particles of 218Po and 214Po for different generation and regions [24].
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that the outcomes of [14,28,40] are generally inferior
to those of this work. This could be due to the fact
that the input parameters and models used in
various works are distinct. Winkler-Heil et al., claim
that the geometric model of the respiratory tract has
less impact on the absorbed dose rate than factors
like breathing rate, radon progeny particle size, and
unattached fraction [40].
According to Table 5, the lung's absorbed dose in

the atmosphere within the house is 5.78 mGy.
WLM�1. It is possible to calculate the lung's effective
dose, also referred to as the dose conversion factor
(DCF), by multiplying the absorbed doses by the
lung's tissue weighting factor and the particle
weighting factor. The result is 13.87 mSv. WLM�1.
As shown in Table 7, this outcome is comparable to

the DCFs found in previous publications. Despite
this, the effective dose reported by [41] is signifi-
cantly higher than that of other results, which may
be due to the fact that the particle size they
employed was significantly different from that used
in other research studies. The obtained DCF is
comparable to the findings of [38,42,43]. The DCF
achieved in the current study using the respiratory
tract model and the T-B tree's successive genera-
tions is within the acceptable bounds of the findings
published in other papers as shown in Table 7. The
most recent DCF levels based on epidemiological
studies are 9 mSv WLM�1 for the general popula-
tion and 12 mSv WLM�1 for employees. Evidently,
the current DCF value of 13.87 mSv. WLM�1 and the
value obtained from epidemiological data are very
similar.
For the second scenario, the same parameters as

the first scenario have been used for a group of
selected construction materials in Erbil city, that
have been mentioned in Table 2. In the second
scenario, the radon level of each factory, as shown in
Tables 1 and is set instead of 1 Bq.m�3 to prepare
the factories atmospheric condition. The absorbed
dose for the second scenario at selected building
ingredient factories for the regions BB, bb, AI, and
the whole lung ranged from 214.29, 245.82, 3.04, and
154.38 mGy.WLM�1 for workers at the gypsum
factory to 1425.39, 1635.11, 20.26, and
1062.92 mGy.WLM�1, respectively, for workers at
the red brick 1 factory. The results shown in Table 5
indicate that the doses in all regions increased by a
factor of 103 during the transition from the first
scenario to the second scenario of the radon atmo-
sphere. Notwithstanding the fact that equation (24)
was obtained by calculations for the absorbed dose,
it can roughly reflect this increment. This implies

Table 6. Comparing the amounts of radiation that are regionally
absorbed by the workers’ lungs at home (mGy.WLM�1).

Tissue target Present work [38] [14] [28] [40]

BB 8.02 8.9 5.4 6.28 5.9
Bb 9.2 9.2 4.72 5.84 2.65
Al 0.114 0.33 0.19 0.2 0.15
Whole lung 5.78 6.14 3.44 4.11 3.2

Table 7. Literature-reported dose conversion factor (DCF) per unit
consumption for radon daughters.

DCF (mSv. WLM�1) Reference

15 [38]
13 [42]
15 [43]
9.86 [28]
8.25 [14]
21.1 [41]
8 [44]
7.6 [45]
10e16 [46e48]
13.87 Present work

Table 5. Absorbed doses of the BB, bb, and AI regions in addition to the whole lung doses for workers resulting from exposure to radon progeny.

Absorbed dose (mGy.WLM�1) Effective dose
(mSv. WLM�1)

Regions BB region bb region AI region Whole lung

Scenario 1 8.02 9.20 0.114 5.78 13.87
Scenario 2
Artificial-Marble 307.25 352.45 4.36 221.35 531.24
Cement-Plant 1021.05 1171.80 14.52 735.79 1765.89
Lightweight-Block 864.63 991.85 12.29 622.92 1495.00
Marble 909.78 1043.64 12.93 655.45 1573.08
Red-Brick 1 1425.39 1635.11 20.26 1026.92 2464.60
Red-Brick 2 1359.07 1559.03 19.32 979.14 2349.94
Concrete-Block1 412.71 473.43 5.87 297.33 713.59
Concrete-Block 2 436.77 501.03 6.21 314.67 755.21
Crusher-Stone 701.75 805.00 9.97 505.57 1213.37
Kashi-Mosaic 467.57 536.36 6.64 336.84 808.42
Tile 514.00 589.63 7.31 370.31 888.74
Ceramic 369.40 423.75 5.25 266.13 638.71
Gypsum 214.29 245.82 3.04 154.38 370.51
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that the radon concentration is one of the crucial
factors affecting the dose. For the second scenario,
the red brick1 factory had the highest effective dose
of 2464.60 mSv. WLM�1, while the lowest value was
equal to 370.51 mSv. WLM�1 for the gypsum factory,
as shown in Figure 4. These results indicate that the
high levels of radon play a significant role in the
determination of the effective dose for workers in
various environmental conditions. The reason
behind that refers to more radon gas inhalation
from the dust yields during the crushing and
powdering processes of building material prepara-
tion for workers in this field [49]. When compared to
other manufacturers, the results also revealed a
considerable disparity, particularly among those
producing concrete blocks, gypsum, ceramics, and
artificial marble. Doors and windows in gypsum and
concrete block manufacturers are usually largely left
unlocked throughout the day, which aids in the
movement of heat from inside to outside, causing
radon to drift to the outside and reducing the
quantity of radon that workers ingest. The majority
of air exchange methods in these locations involve
air conditioning, which raises the threshold for
ambient humidity and aids in the movement of

radon gas. This may be associated the maximum
value of an effective dose in other enterprises. As a
result, compared to other factories, the workers at
those are exposed to higher levels of radon annually
[22]. It is concluded from the discussion above that
the dose estimation for humans from radon prod-
ucts that are swallowed, as performed in the current
study, yields credible consequences.

4. Conclusion

Many models for math, ranging from particle
deposition to dosimetry, were illustrated for pre-
dicting the pulmonary doses of radon progeny in
humans. Following that, lung doses from inhaling
radon progenies were supplied for a CRn of 1
Bq.m�3, which helps predict doses in varied envi-
ronmental situations. For the first scenario, the
absorbed dose was found to be 8.02 mGy.WLM�1 in
the area of trachea and bronchi (BB) section,
9.20 mGy WLM�1 in the area of the bronchioles (bb)
area, 0.114 mGy WLM�1 in the area of the alveolar-
interstitial (AI), and 5.78 mGy WLM�1 in the whole
lung. The results demonstrate that when the envi-
ronment was changed from the first scenario (a

Figure 4. Dose conversion factor (DCF) for the different investigated factories in Erbil city.
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typical home) to the second scenario (various fac-
tories), the doses of all regions (BB region, bb region,
AI region, and whole lung) ranged from 214.29,
245.82, 3.04, and 154.38 mGy.WLM�1 for workers at
gypsum factory to 1425.39, 1635.11, 20.26, and
1062.92 mGy.WLM�1, respectively, for workers at
the red brick 1 factory, and rose by a factor of 103,
implying that one of the crucial factors determining
the dose is the radon concentration. The conse-
quences are similar to those that have been reported
in the literature. In the current study, the effective
dose for the lungs in the domestic setting was
determined using a dosimetric approach, and the
result was 13.87 mSv.WLM�1, which is in the middle
of the DCFs found in earlier studies. Calculations for
additional anatomical, physiological, and environ-
mental characteristics are required to broaden the
current research. It will probably enhance environ-
mental radiation protection, an issue that has
recently received much attention, particularly in
areas with high radon concentrations.
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