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Because the depositéd®Rn progeny distribution in lung airways, these sources can contribute hardly to critical cells absorbed dose in
neighbourhood of alpha track by the alpha particles fféffo and*'*Po. According to epidemiological data [1], lung cancers are primarily
bronchogenic and mainly originate in the first five airway generations of the bronchial tree. Generally for deposited energy calculations,
uniform deposit in source layers and the whole layers as sources has been considerated too. Discretional point deposits in the diferent an
most important bronqui (BB) and bronchial (bb) layers for main generations is a more realistic case. Because that facts we have calculatec
the average deposited energy by Monte Carlo in the most important different target cell layers for the main BB and bb branch generations
considering the radioactivé?>Rn progeny puntual deposit in the source epithelium walls, from this location, It irradiate the neighbor cells

in all directions.

Keywords: Radon; absorbed dose; bronchial; bronchiolar; secretory cell; basal cell.

Debido a la distribucin de la progenie dei*’Rn en las ias @reas del pulibn, estas fuentes contribuyen importantemente a la dosis
absorbida en la vecindad de la trayectoria de lasqaais alfa emitidas por é¥Po y el?**Po. Conforme a datos epiderngicos, el @ncer

de pulmdn es principalmente broncegico y se genera principalmente en las primeras cinco generacior@baldbronquial. Para realizar

los calculos de eneiig depositada generalmente es considerado élsitepuniforme de las fuentes en las capas celulares y las capas mismas
completas como la fuente tangbi. Un caso ias real es el désito puntual y discreto en los diferentes @srimportantes capas bronquiales
(BB) y bronquiolares (bb). Tomando en cuenta lo anterior hemos calculado ldapesgedio depositada en lagsiimportantes capas
celulares blanco en las principales generaciones bonquiales y bronquiolares consideranikitel mlagtual de la progenie d&°Rn en la

pared epitelial de las capas celulares fuente, desde su inclcenaterial fuente irradia lagkulas vecinas en todas direcciones.

Descriptores: Radon; absorbed dose; bronchial; bronchiolar; secretory cell; basal cell.

PACS: 87.10.Rt

1. Introduction ing of the trachea and bronchi from which deposited mate-
_ _ ) _ _ rial is cleared by ciliary action; (4) The bronchiolar region
Alpha particles emitted b??Rn progeny deposited on inner (pp), consisting of the bronchioles and terminal bronchioles

surfaces of airways regions are the major contributors in imand (5) the alveolar-insterstitial region (Al), consisting of the
parted energy to lung structures. In human respiratory traglespiratory bronchioles.

model secretory and basal layers in bronchial region and se- o ) )
cretory layer in bronchiolar region are the main targets be- A simplified geometrical model to represent the locations
cause their alpha particles sensitivity of radionuclide sources and target tissue in airways within the

Usually the dose in that lung structures is calculated for= 1+ BB, and bb regions is basic for dosimetric calculations.

such as cell layers as ICRP 66 publication [2], or by micro-  In each case, a typical airway is represented by a cylindri-
dosimetric method [3,4]. cal tube of appropriate internal calibre and wall thickness [4].
The present work evaluate the average alpha energy im-
parted for mentioned cell layers considering multiple puntua
sources deposited in mucus and sol ephitelium layers for eaq[
generation from ¥ to 15". From that cell layer targets alpha
particles from?'3Po and?'4Po are ejected to any directions.

Two of most dosimetric important regions are BB and bb.
he BB region is part of the air conducting system within the
orax and consist of the trachea, the main bronchi, and the
intrapulmonary bronchi, beginning with the trachea as gener-
ation 0 and ending approximately with generation 8 [5] .

The average length of the branches also decreases with
increasing orders of generations, with the exeption of the 4
jgeneration branches, which are longer than tHee.

2. Morphometric model

The dosimetric model considers the respiratory tract (Fig. 1
as four anatomical regions (1) and (2) The extrathoracic re- The simplified model of a section through the wall of a
gion (ET; and ETR), (3) The bronchial region (BB) consist- typical bronchus in region BB is shown in Fig. 2.
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THE HUMAN RESPIRATORY TRACT MODEL

TaBLE |. Dimensional model of trachea-bronchiolar tree
(ICRP 66)
Generation Diameter Lenght
Region number m m
Bronchi 0 1.6500E-02 9.10E-02
BB 1 1.20E-02 3.80E-02
2 8.50E-03 1.50E-02
3 6.10E-03 8.30E-03
4 4.40E-03 9.00E-03
5 3.60E-03 8.10E-03
6 2.90E-03 6.60E-03
7 2.40E-03 6.00E-03
8 2.00E-03 5.30E-03
Bronchiolar
bb 9 1.65E-03 4.37E-03
10 1.35E-03 3.60E-03
11 1.09E-03 3.01E-03
12 8.82E-04 2.50E-03
13 7.20E-04 2.07E-03
14 6.03E-04 1.70E-03
15 5.33E-04 1.38E-03
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Yz FIGURE 3. Model of target cell (secretory and clara cells) and bron-

chiolar cell in bb region.
FIGURE 2. Model of target cell nuclei (secretory and basal cells)
and the bronchial wall in the BB region. ICRP 66.

The bronchiolar region bb is the second part of the a|r3 Dosimetric principles

conducting system within the thorax. It consists of the bron-, evajuate doses to tissues of the respiratory tract and other

chioles comprising generations 9 to 15. the branches of thgrgans throughtout the body, the formal procedure recom-

last generations are called terminal bronchioles. BB and bl,ended in ICRP Publication 26 (ICRP, 1979) [6] and devel-

generation dimensions are shown in Table |. oped further in ICRP Publication 56 (ICRP, 1989) [7] and
The simplified model of a section through the wall of Publication 60 (ICRP, 1991a) [8] is applied to include contri-

a typical bronchiole used for dose calculations is shown irbutions from all tissues wich radionuclides are retained. The

Fig. 3. committed equivalent dose ;Hin each one of tissue, T, from
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radiation emitted in a tissue source, S, is determined by the Spatial nonuniformity of the radionuclide source in rela-
product of two factors: tion to the target cells has been taken into account in evaluat-
ing doses to the sensitive epithelial tissues in the ET, BBy bb
regions of the respiratory tract for short-range radiations.

A simplified geometrical has been applied to represent
the orientations of radionuclide sources and target tissue in

2) The energy absorbed per unit mass in the target tisdirways within the ET, BB and bb regions. In each case, a
sue T, suitably modified for radiation weighting factor, typical airway is represented by a cylindrical tube of appro-

for each radiation emitted per transformation in tissuePriate internal caliber and wall thickness. In each type of air-
source S. way, the target tissue is then assumed to be distributed over a

characteristic range of depths below the epithelial surface.
The dosimetric formulations of ICRP Publication 30 have | all cases, the radionuclide source is assumed to be
been extended to address age-dependence in ICRP PubliGgyead uniformly in association with the airway surface. For
tion 56. The equivalent dose rate in target organ T inCIUde%Jpha' and |Ow_energy e|ectron’ negatron and positron emit-
contributions from the activity of the radionuclide present inters, the effect of a more localized distribution of radioactive
organs of the body. The equivalent dose rate at age t in orgagansformations over part of the airway surface would be to

1) The total number of transformations of the radionu-
clide in tissue source S over a period of integration t,
after intake of the radionuclide.

T of and individual of age.tat the time of intake, deliver higher doses to a part of the target cell population, and
. low or zero doses to the remainder. However, it is assumed
Hr(t,to) = CZ Z 45§ ()SEE(T « S;t)J that the stochastic effect on the target tissue is proportional to

s the average dose received by the cell population as a whole

Where g ; (t) is the activity of radionuclide j present in (ICRP, 1977, 1980). This average dose is thus independent of
source organ S al age EE(T « S;t) is the total en- the degree of localization of the source on the airway surface.

ergy absorbed per unit mass in the target T; the contributions The bronchial airways (BB)
of each radiation emitted by the radionucleide in source re- The simplified model of a section trhough the wall of a
gion S; and c is any numerical constant required by the unittypical bronchial region BB assume that the nuclei of both
of g and SEE. The equivalent dose [9,10] in the target orgagolumnar secretory and short basal cells are consider to be
accumulated by age 70y due a single intake of a radionuclidthe sensitive targets. These are assumed to occur uniformly
atage§, Hr(to) is: throughout a 3Qum layer of tissue al 1Qum depth, and in
15 um layer at 35um depth respectively.
70 . . . .. . . .
) In the bronchial airways, five distinct distributions of the
Hr(to) = /HT(t, to)dt radionuclide sources may occur, the most important are two:
to Mucus, where the radionuclide concentration is assumed
{0 be uniform within a 5 m thick layer. This sources represent
the “fast” surface-transport compartment.
-Sol layer where the radionuclide concentration is as-
wprERYRAF(T «— S;t)r sumed to be uniform within a 6 m thick layer. This sources
M (t) represent the “slow” surface-transport compartment.
Usually the energy absorbed fractions, AFBB)g, are
Where w is the radiation weighting factor for radiation calculated on the assumption that the bronchial airways have
R, Er is the energy of radiation R, ¥is the yield of radiation  an average calibre of 5 mm.
R per nuclear transformation, AFEFS;t)r is the fraction of The bronchiolar airways (bb)
Fhe enc_argy of radiation R per nucle.ar transformation emitted  The model of a section through the wall of a typical bron-
in S, wich is absorbed in the target tissue T atage t, andM  chiolus used for dose calculations assume that the sensitive

For any radionuclide, the specific effective energy SEE a
age tis defined as:

SEE(T « S;t) =)
R

is the mass of the target tissue at age t. . targets are nuclei of secretory cells which occur uniformly
For the adult, the SEE is not a function of time and thus: y,rqyghout the 8 m thick layer of tissue at#h depth.
. The most important distributions of the radionuclide
Hry(tg) = Us ;SEE(T «+— S . .
r(to) C;; 7 (T =5)j source in the bronchioles are:
Where U ; is the total number of nuclear transforma- - Mucus, wich is assumed to beun thick.
tions of radionuclide jin S over the 50-y period following the
intake,i.e: - Sol layer, which is assumed to beu#h thick.
” The absorbed fractions, AF(bbS)z, are calculated on
Usj = /qs,j(t)dt the assumption that the bronchiolar airways have an average
0 calibre of 1 mm.
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Fast layer TABLE Ill. BBbas region AF obtained values in this work com-
T -_-—»:_ —— pared with the ICRP values.
Target BBbas BBbas
. (T) ICRP This work
— Fast Fast Difference
é Source(S) mucus mucus (%)
Energy (MeV)
6 0.0217 0.0045 >
7.69 0.0893 0.0812 9
Target (T) BBbas BBbas
ICRP This work
Source(S) Slow Slow Difference
FIGURE 4. Cylinder Geometrical location. mucus mucus (%)
Energy (MeV)
6 0.005 4.2 e-8 >
TABLE Il. BBsec region AF obtained values in this work compared 769 0.0857 0.0855 “1

with the ICRP values.

The statistical error is less than 1%.

Target BBsec BBsec
@) ICRP This work
Source Fast Fast Difference TABLE IV. bbsec region AF obtained values in this work compared
with the ICRP values.
(S) mucus mucus (%)
Energy (MeV) Target bbsec bbsec
6 0.249 0.236 (M) ICRP This work
7.69 0.353 0.326 Fast Fast Difference
Target (T) BBsec BBsec Source(S) mucus mucus (%)
ICRP This work Energy (MeV)
Source(S) Slow Slow Difference 6 0.214 0.201 6
mucus mucus (%) 7.69 0.172 0.160 7
Energy (MeV) Target (T) bbsec bbsec
6 0.272 0.271 0.2 ICRP This work
7.69 0.355 0.336 Slow Slow Difference
Source(S) mucus mucus (%)
Energy (MeV)
4. Method 6 0.217 0.201 7
7.69 0.173 0.163 6

Monte Carlo method simulations have been used to calcu
late the deposited energy in each generation layer. Most ex-

periment consider radon progeny homogeneus distribution iﬁadloactlve sources are in the mucus and cilia inner layers

inner surface of epithelium airways, from where the alphaWhere the alpha emitters are I.oca'Fed. ] ]
We used the morphometric dimensions for the bronchi

particles are ejected in random directions, A large number of - TPl ¢
events guarantee cover practically all directions. and bror_lchlolar epithelium and generations from ICRP 66,

Each bronchi and bronchiolar generation could be seefhowed in Table I.
like a cylinder with various layers walls, the atoms of radon  Every layeri was constructed like a cylinder with differ-
progeny are deposited in inner wall. ent ratio in agree with morphometric dimensions.

To calculate the energy absorbed fractions ARBSB)r Each cylinder generation was defined in Montecarlo pro-
and AF(bb—S)g, we have considerated distributed point de-gram like a set of right circular concentric cylinders centered
posit sources in the length of each one of the fifteenth genin x=0, y=0, z=0 with diferent ratio to represent the air, mu-
erations. The cylinders were located in a 3-d coordinate syszus, cilia, secretory and basal layers for BB region and the
tem to make the Monte Carlo code geometries. The pointsame one for bb region except basal layer. (Fig. 4)

Rev. Mex. . S57 (1) (2011) 97-101



STUDY OF DEPOSITED ENERGY IN LUNG TISSUE FROM RADON’'S PROGENY CALCULATED BY MONTE CARLO 101

Energies of 6 and 7.69 MeV from the alpha radiation of6. Conclusions
Po0-218 and Po-214 respectively were used for all cases.
Sources were distributed in fast and slow layers for eactBecause the weight factor for the lung is 0.12 for effective

mentioned energy. dose calculation and this value is divided in three weight fac-
200000 alpha particles were ejected from source positiotors: BB region, 0.33; bb region 0.33 and for alveolar inster-
in each case. titial region is 0.33, the differences in the ARES) gotten

in this work represent only about 4 % in the final effective
dose it's not an important difference, but the AF values in
this work are light more near for the real value because a

The average values of the energy absorbed fractions for fir§fore realistic puntual case is choosen for the calculate, but
eight BB generations (except trachea) in secretory Iayerllhere is not reason for not use the ICRP energy fractions.
from 6 and 7.69 MeV alpha particles from fast and slow tar- ~ For laboral dose might to consider the next one:
gets are showed in Table II. Only the most important BB and bb layers were consid-
The average values of the energy absorbed fractions fa@red, let it the rest of layers for a complementary work.
first eight BB generations (except trachea) in basal layers Altough The average absorbed energy is calculated for
from 6 and 7.69 MeV alpha radiation from fast and slow tar-only one alpha emission at time, the absorbed dose for each
gets are showed in Table I11. layer is E(MeV)/(Bq s).
The average values of the energy absorbed fractions for 9
to 15 bb generations in secretory layers from 6 and 7.69 MeV
alpha radiation from fast and slow targets are showed in TaAcCknowledges
ble Il
When results from ICRP homogeneus source are comlIhe authors wish to thank to J.l. Golzarri from IFUNAM
pared with the point source calculated values, for 6 MeV andor his technical help. This paper was partially supported by
BB region a difference of 2.6% is gotten. For 6 MeV and bb UNAM-DGAPA-PAPIIT IN101910.
until the value difference is 6.5%.
For 7.69 MeV in BB region the value difference is 6%,
while for 7.69 MeV and bb region the value difference
is 6.5%.
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