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___RIESGO RADIOLOGICO. MODELO ICRP 66 (1994)___

En funcion de las propiedades

Poxtani pARE bl fisico-quimicas de las particulas,
Passage 1 = N | de la fisioldgica del sistema
Pharyn {m-mm - ] respiratorio y de la caracteristicas
sl Fyy) | en la respiracion, los
Larynx . — descendientes del radén se
Traches '_ } 8 depositan en las distintas regiones

del tracto respiratorio.

LTI [ as regiones del sistema
respiratorio tienen distinta
radiosensibilidad debido a la
diferencia fisiologia y celular.
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Magnitudes dosimétricas (ICRP 103)

La dosis absorbida es el cociente de la energia media depositada
en un elemento de masa dm

de

~dm

D Unidad: Gy (J kg)

Dosis absorbida promedio o dosis absorbida en un 6rgano o tejido:

1
D; = P jD-dm Unidad: Gy (J kg!)
T my
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Dosis equivalente en un 6rgano o
tejido, valora la eficacia bioldgica
relativa de cada tipo de radiacion.

Factores de
ponderacion, wg

Tipo y rango energético
Fotones (cualquier energia)
Electrones (cualquier energia)

Neutrones E< 10 keV

Neutrones 10 keV < E < 100 keV

Y
o

Neutrones 100 keV < E < 2 MeV

Neutrones 2 MeV < E < 20 MeV

—

Neutrones E> 20 MeV

Protones E> 2 MeV

N
o

Particulas alfa




Institut de Técniques Energétiques

La dosis efectiva, es la suma de las dosis equivalentes
ponderadas en todos los 6rganos y tejidos del organismo.

Tejidos u 6rganos

Gonadas

Meédula 6sea (roja)
Colon

Pulmon

Estomago

Vejiga

Mama

Higado

Esofago

Tiroides

Huesos (superficies Oseas)
Piel

Resto”




Magnitud operacional para dosis por
contaminacion interna

» Dosis equivalente comprometida en un 6rgano o tejido, H(7)

th+7

H,.(T)= j Hr(f)dt

Dosis efectiva comprometida, E (1)

E(7) = ZWTHT (7)




Comparacion estimacion riesgo cancer de pulmon en mineros
1994

EXPOSICION = 1 WLM

Parametros del modelo
dosimétrico del pulmon

DOSIS EN EL PULMON
6.25 mGy

\ wr=0.12
wg =20
DOSIS EFECTIVA
15 mSv
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Estimacion epidimioldgica

\ 5.6 10> mSv"!

8.4 104 RIESGO




Birchall y Marsh (2005) 15 mSv por WLM [2.5 mSv por WLM
DOSIMETRICO RIESGO: 8.4 10 por WLM 7.0 10 por WLM

ICRP “Assessment and control of lung cancer risk from radon”
(2010) draft

Realiza una revision de los estudios epidemiologicos en mineros,
incluyendo estudios con exposiciones bajas

EPI RIESGO: 2.8 10~ por WLM 5.0 10 por WLM

Realiza una revision de los estudios caso-control en viviendas,
considerando las incertidumbre aleatorias en las medidas

RIESGO (ERR): 1.08 por 100 Bq m™ 1.16 por 100 Bq m-3

Es consistente utilizar el modelos dosimétrico para el calculo
del riesgo debido a la inhalacion de descendientes del radon




MODELO BIOCINETICO DEL TRACTO RESPIRATORIO
SEGUN ICRP 66




MODELOS DOSIMETRICO DE LAS VIAS RESPIRATORIAS

MODELO ICRP 66 CONSTA DE 6 ELEMENTOS

MORFOMETRIA: Describe la estructura y dimensiones del sistema
respiratorio.

FISIOLOGIA: Tasas de respiracion y volumenes de aire inhalados.
DEPOSICION: Caracteriza la distribucion inicial de particulas en las
diferentes regiones anatomicas del sistema respiratorio.
ELIMINACION: Evalua aquellas particulas del sistema respiratorio
que son eliminadas por transporte y absorcion en la sangre.
RADIOBIOLOGIA: Investiga los efectos biolégicos de la radiacion
en las células de los tejidos del sistema respiratorio.
DOSIMETRICO: Evalua la energia absorbida por unidad de masa en
los tejidos del sistema respiratorio.
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Bronquiolos términales

Bronquiolos Respiratorios

Conductos alveolares +
Alvealos

REGION EXTRATORACICA

ET,: nariz y pasajes nasales anteriores
ET,: pasajes nasales posteriores,
faringe y laringe

REGION TORACICA (pulmones)

BB: traquea, bronquios principales
(primera bifurcacién) y bronquios (hasta
la generacion 82 del arbol pulmonar)
bb: bronquiolos ( del la generaciéon 92 a
la 15 del arbol pulmonar)

Al: alvéolos e intersticios alveolares (de
la generacion 162 hasta la ultima que
suele ser la 18-202)
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MODELO FISIOLOGICO

Definiciones de parametros fisioldgicos utilizados en el calculo dosimétrico

J Qs.'["u.'&(,t;,f Bl Capacidad VC

pulmonar
total

Espirometro

1o o = Capa{:iidad
spitaliy " ' vita
J Bisp i (L) e

Volumen Pluma
corriente

Capacidad
residual Volumen
func_mnal residual
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MODELO DE DEPOSICION

Compartimentos del tracto respiratorio en los que las particulas pueden
depositarse inicialmente. Se observan distintos compartimentos para una
misma region debido a las variaciones temporales de transporte.
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MODELO DOSIMETRICO

Evalua |la dosis en cada uno de los tejidos que presentan riesgo radioldgico

La dosis equivalente a un érgano o tejido T se calcula como la dosis equivalente
instantanea integrada a lo largo de un periodo de tiempo t,

H (1) = I]Zqu,j (1) SEE(T « S1),

donde

ds; (t) es la actividad en Bq del radionucleido j en el érgano s en el instante t
SEE(T+S; t) es la energia absorbida por unidad de masa en el 6rgano T, y se expresa
en Sv/s por Bg. La expresion para su calculo es:

SEE(T « S)=1.610" . > wy Yy Ep AF(T « S;1),
my R

donde
W es el factor de ponderacion de la radiacion R
Yk es el rendimiento de la radiacion R por trasformacién nuclear en (Bq s)
Ex es la energia de la radiacion R en MeV/transformacion
AF(T<S; t); es la fraccion de energia emitida en S de la radiacion R que es absorbida
en el tejido T en el instante t
m; es la masa del érgano o tejido en kg
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MODELO RADIOBIOLOGICO

Se trata de identificar los tejidos y células sujetas a riesgo radiologico y
evaluar sus sensibilidades relativas

Se recomiendan los factores de ponderacion para la dosis absorbida
en cada uno de los tejidos y asi, obtener un valor de dosis para la

region extratoracica y otro para la toracica con el objetivo de ser
utilizados en el calculo de la dosis efectiva

Factores de ponderacion asignados (A) a los tejidos del tracto respiratorio

Tissue Assigned fractions (A) of wy

Extrathoracic region
ET, (anterior nose) 0.001
ET, (posterior nasal passages,
larvnx, pharynx. and mouth) 1
LNgy (lymphatics) 0.001

Thoracic region
BB (bronchial) 0.333
bb (bronchiolar) 0.333
Al (alveolar-interstitial) 0.333
LNy (lvmphatics) 0.001

HTH :HBBABB +be Abb +HAI AAI +HLNTH ALNTH
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CADENA DE DESINTEGRACION U-238

Gas Raddn Descendientes

Po-218 )
3,05 min
6,0 MeV | Bi-214

(04 19,7 min
0,4-3,3 MeV

(0
Pb-214
26,8 min ro
Estable
0,7-1,0 MeV
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MAGNITUDES Y UNIDADES DEL RADON

» Energia potencial alfa (¢)) (PAE): es la energia alfa total
emitida en la desintegracion de un descendiente del radon en su
cadena de desintegracion hasta el Pb-210. Para la cadena del
radon su expresion es:

Energia potencial alfa

por atomo (Epj) por Bq (Eaj)

Radionucleido T MeV 1012 MeV 1010y

1/2

222Rn (Rn) 3,8d 19,2 3,07 9,2 108 1470

218Po (RaA) 3,05 min 13,7 2,19 3620 6,1

214Bj (RaC) 19,7 min 7,7 1,23 13100 21,2

J
0]
1
214Pp (RaB) 2 26,8 min 7,7 1,23 17800 28,6
&
4

214pPo (RaC’) 164 us 7,7 1,23 2103 2,910°

Total (en equilibrio), por Bq de radén 34710 55.6

g, (J) = [(6.0+7.7) Npy 515 + 7.7 (Npp 147 Npjp14) )T
+ 7.7 Npyp14] - 1.602 1013




» Concentracion de energia potencial alfa (C,) (PAEC): es la
concentracion de una mezcla de descendientes en el aire en términos
de energia potencial alfa por unidad de volumen. Siendo C = (N L)/V

Bg/m?, se obtiene
C, (J/ m?) = (5.79 Cpyy 15 +28.6 Cpy 1y +21.2 Cyi 1) 1071

C, MeV/m®) =3615 Cp, 515 + 17840 Cpy, 514 + 13250 Cg; 51y

La unidad clasica de C es el working-level (WL) : se define
como una combinacidon de descendientes del radon de vida corta
en 1 m? de aire que libera una energia potencial alfa de 1.30-108
MeV/m?, equivalente a un valor de 2.08-10- J/m?>.

1 WL =1.30-10°* MeV/m?3 = 2.08-10- J/m’
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» Concentracion equivalente en equilibrio C,:

es aquella concentracion de gas radon que estando en
equilibrio con sus descendientes tiene la misma energia
potencial alfa que la mezcla de descendientes en el aire

C,, (Bq/ m3) = 0.105 Cpq o5 + 0.516 Cppp 114 + 0.379 Cpinys

1 Bg/ m*=55.6 10-1°J/m? =34710 MeV/ m’> =26.73 10> WL
1 WL =3740 Bq m™

Energia potencial alfa

por atomo (Epj) por Bq (Eaj)

Radionucleido T MeV 1012 MeV 1010y

1/2

222Rn (Rn) 3,8d 19,2 3,07 9,2 108 1470

218Po (RaA) 3,05 min 13,7 2,19 3620 6,18

214Bj (RaC) 19,7 min 7,7 1,23 13100 21,2

J
0]
1
214Pp (RaB) 2 26,8 min 4 1,23 17800 28,6
&
4

214pPo (RaC’) 164 us 7,7 1,23 2103 2,910°

Total (en equilibrio), por Bq de radén 34710 55.6




» Exposicion: se define como el producto del periodo de
duracion de la inhalacidn de descendientes de radon por su
correspondiente concentracion

Exposicion de energia potencial alfa

Jm3h /MeVm3h / WLM

Working Month (M) equivale a 170 horas trabajo al mes

1 WLM =2.21- 10" MeV m>3 h=3.536-10°J m> h

Exposicion equivalente en equilibrio

I (Bqm? h)p,,=1.57-10° WLM = 55.6:10" Jm> h =
= 34710 MeV m> h
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COMPORTAMIENTO DE LOS DESCENDIENTES DEL RADON
EN EL INTERIOR DE UNA VIVIENDA

® Exhalacién Descendientes

°— - 0Radén  adheridos

-, Descendientes
Deposicion libres

|Des integracion

Ventilacion

 Particula
aerosol




DOSIMETRIA Y METROLOGIA DEL RADON
CURSO IMPACTO AMBIENTAL DE LAS RADIACIONES IONIZANTES
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ESPECTRO DIMENSIONAL DE LOS DESCENDIENTES DEL RADON

. DESCENDIENTES DEL RADON DESCENDIENTES DEL
RADON EN ESTADO LIBRE RADON ADHERIDOS

Formacion de clusters o0

Positivo 8% @ — &

()
£=5.10...5-107 s N

Adhesion a
particulas

£
o8

Neutro 12 % YO0
Evaporacion

® Desintegracion
t=10""

uoloeZI[eJNaN

dp~0.5nm dp~1nm dp = 10... 500 nm




PARAMETROS DE CARACTERIZACION DE UN RECINTO

» Factor de equilibrio F y fraccion libre f,

» AMAD/AMTD (activity median aerodinamic/thermodinamic
diameter): didametro acrodinamico/termodindmico mediano de la
distribucion del tamafio de particulas radiactivas adheridas/libres

esfera de . * Particula de diametro
didmetro 1 ym acrodinamico de 1 uym
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Didmetro de la particula (um) — 0,001
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ESTIMACION DE LA DOSIS

AMD, =d40nm  AMD, = 200 fm

- a,=13 =15 Oy =23
0,45 4 fo= 10% o= 10% 1= BO%
. 040 | ! !
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sOurces),

Fig. 3. Relative size distribution of the PAEC of radon daughters typical for indoor air in closed rooms of homes (without additional acrosal

mSv por WLM
mSv por Bq m= h

E [mSv/WLM]

1000
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Fig. 2. DCF (im effective dose) as fanction of the particle diameter obtained from mode! calculations (Zock 1996) hased on the human respiratory
tract model of ICRF 66 (larget tissue; secretory and basal cells; wy, = 20, Wy @ Wiy | Weag = 033320333 0 0333 we = 012)

(Porstendorfer 1996)
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EJEMPLOS: ESPECTRO DIMENSIONAL DE PARTICULAS

Barcelona CALELLA

Baja relacién S/V Z = 3519 part./cm3 , 3 distribuciones

Z =7070 part./cm3 , dpm = 154 nm, ¢ = 2.021

AN/Alog d,, AA/A log d,
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100 1000 100
Diametro (nm) Diametro (nm)

B Distribucion por tamafios del didmetro de particula medido con un
clasificador electrostatico

0 llllrl‘”
0

1

Distribucion por tamafios del didmetro de particulas radiactivas. Se estima
mediante la aplicacion del coeficiente de probabilidad de adhesion a la
distribucion medida con el clasificador electrostatico
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ANNULAR DIFFUSION CHANNEL (ADC) (IRSN-UBO)

Detector

ADC .
Air . Filter
E——
L —>

Ref. unit

0. Spectroscopy

CYLINDRICAL DIFFUSION TUBE (CDT) (INTE-UPC)

o Spectroscopy

218P°

1
1
14
12
2
£
S
| W’M
4 214
" W Po

0 100 200 300 400 500 600 700
chanel

Reference
unit

t.‘/g'
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RADON CHAMBER

Size

2.91x2.91x2.30 (20m?)

Building material

2-mm-thick welded
stainless steel sheets

222pn Exhalation

0-256 Bq-min™
(2101 kBq #*°Ra source)

Ventilation

0-6 m3-h'

Radon
concentration

0-80000 Bg-m?

Relative humidity

0-95 %

Temperature

5-50 °C




1V WORKSHOP NATURAL RADIATION AND ENVIRONMENT
LT e O A P . UNATTACHED SIZE DSITRIBUTION

TAMANO mas probable de unos 0.85 nm)

RW EMAX

5.5 kBq m-3
SA
Ad(logd)
SA
Ad(logd)
SA
Ad(logd)

T T T TTT I| T T 1 TTT I| T T T T T TT II
1 10 b 1 10 b 10
d (nm) d (nm)

5.5 kBq m3
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Ad(logd)
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Ad(logd)
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PARAMETROS DE ELEVADA SENSIBILIDAD A LA DOSIS

(Marsh and Birchall 2002)

Fraccion libre, fp

Aerosoles | Tamano de la fraccidon libre

Fraccion de nucleacion

Tamano de la fraccion de nucleacion

Tasa de respiracion
Persona P

Fraccion respirada por la nariz/boca

[ Ubicacion de las células (profundidad)

Cclulas Factores de ponderacion asignados a los

tejidos del pulmon (Agg, Ay, Aap)

Absorcion en sangre > transferencia a otros drganos
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PARAMETROS DE ELEVADA SENSIBILIDD A LA DOSIS

Absorcion en sangre = transferencia a otros organos

=
wad
=
—
©
o
>
w
=
o
o
2

2

102 : 10-1 1 @ 102
Half-time (h)

Figure 6. Sensitivity of weighted committed equivalent dose to lung per working level month (H,/P,) to the absorption half-
times of *'*Po, *'*Pb or *"*Bi.
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S EOTTAT #ORTEOEe R B AT METROLOGIA DEL RADON

Valores representativos de los aerosoles para analisis con el
modelo dosimétrico de la ICRP 66 en viviendas

Marsh et al.. Uncertainty analysis of the weighted equivalent lung dose per unit exposure to
radon progeny in the home Rad. Prot. Dosim. 102(3), 229-248, 2002

Description of parameter Representative Probability distribution
value

Form a

Unattached fraction 0.1 Lognormal

Unattached aerosol size (AMTD) 0.8 nm Lognormal

Unattached dispersion 1.3 Uniform

Nucleation fraction 0.15 Right-angled triangle

Nucleation aerosol size (AMAD) 50 nm Uniform

Nucleation dispersion 2.0 Uniform

Accumulation aerosol size (AMAD) 230 nm Uniform

Accumulation dispersion 2.1 Lognormal

Coarse fraction 0.02 Right-angled triangle 1

Coarse aerosol size (AMAD) 2.5 um Uniform

Coarse dispersion 1.5 Uniform

Equilibrium factor 0.4 Normal
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MODELO TRACTO RESPIRATORIO ICRP 66 SIMPLIFICADO
APLICADO A LOS DESCENDIENTES DEL RADON

Figure 1. Simplified version of the HRTM. The rate constants
given are in units of d.




DISTRIBUCION DE LA FRECUENCIA DE LA DOSIS EFECTIVA
MODELO TRACTO RESPIRATORIO ICRP 66
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DISTRIBUCION DE LA FRECUENCIA DE LA DOSIS EFECTIVA
MODELO TRACTO RESPIRATORIO ICRP 66
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ESTIMACION DE LA DOSIS EFECTIVA POR UNIDAD
DE EXPOSICION

» Estimacion mediante estudios dosimétricos (ICRP 66)

miembros del publico (£;=0.1) Lk R dil il
Como 1Bqm>h), =1.57-10° WLM

E/P., =23 nSv por (Bq m™ h),,,

» Estimacion por unidad de exposicion a radon (miembros del publico)

Para F=0.4
yt,=0.1

E=157TF11.3+43 f)) =9.5 nSv por (Bgm™ h)

radon




CARACTERISTICAS LUGARES DE MEDIDA
Alcover: 400 Bq m- Low V/S Cardedeu: 300 Bq m3

Old Farmhouse. Material: stone Detached house. Material: brick

Barcelona: 200 Bq m-3. High V/S
Decommissioned training reactor.
Material: 35-cm concrete
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Resumen resultados

F
- (2 arithmetic
(Bgnﬁ_%) mean/deviation)
(8 geometric
mean/deviation)

f
@ aritlll)metic
mean/deviation)
(8 geometric
mean/deviation)

Z
(part. cm™)

Cardedeu

Alcover

Barcelona

Calella

200
(100 — 500)

400
(100 — 1000)

200
(100 — 300)

450
(10 — 3000)

0.172 4 0.03

0.062 ¢ 1.43

0.732 ¢ 1.09

0.392 ¢ 0.10

0.232 ¢ 1.40 1.6 10°

0.432 ¢ 0.15 (4 102 — 10%)

0.03* 4 0.02 7.3 103

0.132 ¢ 1.49 (1.310°-4.710%
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FLUCTUACIONES DIARIAS EN CALELLA
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CORRELACION ENTRE F Y f,
E=F (67.5fp+17.8) E=67.5fp+17.8
nSv per Bq m> h)_,., nSv per (Bq m> h),,

IV WORKSHOP RADON Y MEDIO AMBIENTE.
TRIVERYAR UGS DR S METROLOGIA DEL RADON
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CORRELACION ENTRE Z Y f,

Particle concentration, unattached fraction of PAEC, unattached fraction of radon daughters and eguilibrium factor under

different aerosol conditions

Huet 2001

Z

x 10° part / cm’

fr

-'r Fo

-'rFI:I

-'r].i i
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Cooking
Fumigating sticks
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Cigar

1.2

(0.5-5)

250
{(80—600)
100
(60—450)
390
(10010000}
80
(60-300)

0.31
(0.67-0.08)
(.046
(0.01-0.09)
0.02
(0.01-0.03)
0.032
(0.022-0.047)
0.024
(0.012-0.039)

.69
(0.86—0.37)
0.18
(0.03-0.3)
0.069
{0.047-0.17)
0.10
(0.01-0.16)
010
(0.07-0.15)

0.23
(0-0.61)
0.017
(0-0.09)
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(0-0.075)
0.023
(0.014-0.06)
0.001
(0—0.007)

(.08
(0-0.37)
0
(0-0.02)
0

0

(0.001
(0-0.007)

0.16
(0.04-0.45)
0.27
(0.15-0.4)
0.49
(0.3-0.59)
0.31
(0.26—0.35)
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(0.26—0.74)
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RESUMEN
Solo se conoce la exposicion en Concentracion de Radon

E=F (67.5fp+17.8) nSv per Bqm> h)

radon

Solo se conoce la exposicion en Concentracion de energia
potencial alfa (PAEC)

E=43fp+11.3 mSv per WLM

E=67.5fp +17.8 nSv per (Bq m3 h),,

Ademas se conoce la concentracion de particulas (Z)

E=17200/7Z+11.3 mSv per WLM
E =27000/Z+17.8 nSv per (Bq m> h),,

Ademas se conoce el tamafio de los aerosoles y sus fracciones

E = Z R mSvper WLM  Tablas, graficas o codigo
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Environment Input parameters Calculations Utilities

Time

Deposzition
Particle transport
Ahzorption
Radionuclides
Biokinetic model

Select intake route and type of exposure

Intake type multiple

Doze is to bhe calculated 5.BBE+B1 years post intake
Deposition calculated wsing AMAD= B.88808 pm with o0g= 1.68
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nts

Organ Equivalent Dose Weighted Equiv Dose

Breasts 1.683E—-11 Su 8.413FE-13 Su
Stomach wall 1.895E—-11 Su 2.2ME-12 Su
Livep 1.725E—-11 Swv B8.623E—13 Swv
Lungs 2. 9MME-B8 Sv 3.568E—H9 Swv
Gonads 1.669E—-11 Swv 3.337E—12 Swv
Bone marrow 1.732E—11 Sv 2.872E-12 Su
Bone surfaces ?.122E-12 Su ?2.122E-14 Su
Skin 1.6YHE—11 Swv 1.6YHE—13 Swv
Thyroid 1.675E—11 Swv 8.373E-13 Swv
Urinary bl wall 1.668E—-11 Swv 8.337E-13 Sv
Colon 1.669E—11 Swv 2_HA3E-12 Svu
Oesophagus 1.687E—-11 Sv 8.435E-13 Sv

Remainder 2.152E-11 1.872E12
Effective Dose is 3.584E—-8HA7
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SENSITIVITY ANALYSIS OF THE WEIGHTED EQUIVALENT
LUNG DOSE PER UNIT EXPOSURE FROM RADON PROGENY

J. W. Marsh and A. Birchall
National Radiological Protection Board
Chilton, Didcot, Oxon OX11 ORQ, UK
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Abstract — A sensitivity analysis has been performed to identify those ICRP Publication 66 Human Respiratory Tract Model
parameters which significantly affect the lung dose arising from the inhalation of radon progeny under conditions found in houses.
The analysis was performed to investigate the sensitivity of the weighted committed equivalent dose to lung per unit radon
progeny exposure to (i) aerosol paramelers, (ii) subject related parameters, (iii) target cell parameters, and (iv) the absorption
rates of radon progeny. The weighted committed equivalent dose per unit exposure to radon progeny varied between 8 mSv and
33 mSv per working level month for conditions of radon progeny in homes. The parameters most affecting the equivalent lung
dose are identified. The analysis also showed that the absorption rates of the radon progeny would have to be substantially faster
than the current estimates (In 2/10 h~') to have an effect on the equivalent lung dose.
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RADON: MEASUREMENTS RELATED TO DOSE*

Justin Porstendérfer
Isotopenlaboratorium fur biologische und medizinische Forschung der Universitat Gottingen,
Burckhardtweg 2, 37077 Gottingen, Germany

EI 9510.352 M (Received 29 October 1995; accepted 17 June 1996)

In the first part of the paper, the parameters of the airborne radon daughters for dose estimation are
defined. In the second part, the most important methods and techniques for measurement of the
potential alpha energy concentration, the unattached fraction (cluster-fraction), and the activity size
distribution of the radon decay products are reported. At the end, the dose conversion factor for
different exposure situations obtained from model calculations are presented. These values vary
between 6 mSv/WLM and 39 mSvw/WLM depending on aerosol condition and Physiological
parameters of inhalation (inhalation rate, nose/mouth breathing) at different places (home, open air,
working places). These factors are based on the new human respiratory tract model of ICRP 66,
taking into account the diffcrent radon daughter characteristics. Cupyrigh ©7996 Eivevier Science Lig
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Radon dosimetry and its implication for risk

A. Birchall®, J.W. Marsh

Nattonal Raudiclowmeal Protection Board, Dideot, Oxon, UK

Absiraet. The major sowrce of human exposure to mdiation is from natural background, and the
largest component of this anses from the inhalation of'the short-lived daughters of mdon gas (““Ra).
1t 1s therefore important to be able to quantify the risk from this exposure. The risk from exposure 1o
radon daughters can be determined 1n two different ways. Firstly, by using statistics on the excess lung
cancer incidence in miners exposed to high levels of mdon gas: the so-called epidemivlogical
approach. Secondly, by calculating the effective dose ( Sv) recerved per umit exposure, and multiplymg
this by the nsk per Sv: the so-called dosimetric approach. When, i 1994, the ICRP Publication 66
Human Respiratory Tract Model (HRTM) was first used in the latter approach, the estimates of nisk
(8.4x107YWLM) exceeded those of the epidemiological approach (2.8 107 /WLM) by a factor of
3. Smce then, there have been many attempis to reconcile these two approaches, bearing n mind that
if any of the ICRP weighting factors {(¢.g tissue or radiation weighting factors) were changed by a
factor of 3, to make these two approaches agree, this would have a significant effect on the dosimetry
of other radionuelides, and may not be justified by other experimental evidence, This paper re-
examines these two approaches, and the likely uncerminties associated with each, in the light of recent
scientific knowledge. Recent risk estimates using the epidemiological approach (53 107YWLM) are
nearly twice those made in 1994, while a reeent detailed analysis using the dosimetric approach mves
a risk about 15% lower than the 1994 study (7= 107 WLM). Based on these current estimates, the
two approaches are broadly consistent It 15 observed that a small change in the weighting factor for
the lung, from 0,12 (rounded by ICRP from 0.11) to 0,10 18 all that is needed to make these two
approaches agree almost exactly. © 2004 Elsevier B.V. All nghts reserved.

Keywords: Radon; Exposure; Risk; Dosimetry. Epidemiology
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Abstract — A parameler uncertainty analysis has been performed to derive the probability distribution of the weighted equivalent
dose to lung for an adult (wy,,. Hy,.) per unit exposure to radon progeny in the home. The analysis was performed using the
ICRP Publication 66 human respiratory tract model (HRTM) with tissue weighting factor for the lung, wy,,, = 0.12 and the
radiation weighting factor for alpha particles, wy = 20. It is assumed that the HRTM is a realistic representation of the physical
and biological processes, and that the parameter values are uncertain. The parameter probability distributions used in the analysis
were based on a combination of experimental results and expert judgement from several prominent European scientists. The
assignment of the probability distributions describing the uncertainty in the values of the assigned fractions (App. Aps, Aay) Of
the tissue weighting factor proved difficult in practice due to lack of quantitative data. Because of this several distributions were
considered. The results of the analysis give a mean value of w,,.. H, . per unil exposure to radon progeny in the home of
15 mSv per working level month (WLM) for a population. For a given radon gas concentration, the mean value of wy,,. Hyne
per unit exposure is 13 mSv per 200 Bq.m .y of ***Rn. Parameters characterising the distributions of w,,,,, Hy,.. per unit exposure
are given. If the ICRP weighting factors are fixed at their default values (Agp. Ags. Aa = 0.333. 0333, 03330 wy,,, = 0.121
and w, = 20) then on the basis of this uncertainty analysis it is extremely unlikely (P = 0.0007) that a value of H,/P, for
exposure in the home is as low as 4 mSv per WLM, the value determined with the epidemiological approach. Even when the
uncertainties in the Agg, Aw,. Ay values are included then this probability is predicted to be between 0.01 to 0.08 depending upon
the distribution assumed for describing the uncertainties in the Agp, Ay, Ay values. Thus, it is concluded that the uncertainties in
the HRTM parameters considered in this study cannot totally account for the discrepancy between the dosimetric and epidemiolog-
ical approaches.




ANALYSIS OF THE DOSE CONVERSION FACTOR PER UNIT EXPOSURE TO
RADON AND RADON PROGENY USING THE ICRP 66 DOSIMETRIC MODEL
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INTRODUCTION

The nsk of adverse health effects ccowmng m an mdivadual 15 commonly evaluated by means of long-
term measurgments performed uvsing passive integrated raden monitors. since the measured average radon
concentrations are. in this case, less influenced by shon-term variations. A dose conversion factor per wnit radon
expostre 15 therefore needed for the purposes of perfonmng dose assessments.

In the estumation of the dose conversion factor, it 13 assumed that there 15 a negative correlation berweaen
the equilibrivm factor, F. and the unattached fraction, £, Which can be expressed by means of the équations
proposad by different anthors which follow:

Power: 1’}I =a, F" [1] (1

Log-power: hl{l f',]—ﬂ; []-I-II] / F]'v: [

Snm of rwo exponentials: ['p =, exp(-b, F)+ ¢, exp(—d. F) [31

where ay, by, a2 by, 8z by, o3 and d; are estimated by means of experimental dara,
A simplified dosimetric model of the human respiratory wach, in which the dose conversion factor is
dependent on the values for F and £, is nsed for the purposes of dose edtimation. The dose conversion factor. E.

is calcnlated on the basis of the following equation:

E=wyw F|£ D, +(1-£,)D (4)

P L - P 2

where E 15 the effective dose per umil exposure to radon, wy s the weighting factor for the hung, wy is the
weighting factor for alpha radiation. Dy is the dose per uvnit of squilibrinm-equivalent concentration (EEC)
exposie due 10 wnaitached particles and D, 15 the dose per umit of squilibiium-squivalent concentration
exposure due o anached particles.

Various previously performed smdies [1]. [4] and [5] show that dose is, in indoor enviromments. relatively
independent of the equilibrinm factor. As a consequendce. the dose was more closely related to radon exposure
rather than to mdon progeny exposure. and thus it was only necessary 1o measure the mdon concentration for
dose estimation.

The aim of this work was 10 analyse the dose conversion factor per umit exposura o radon and radon
progeny using the three expressions (Equations 1.2 and 3), defining the comelation for F-fp. with this
subszquently being with the dara obfainzd wnder the RARAD European research programme [6]. The ICEP
publication 66 [ 7] dosimetric model is nsed in order to evaluate the dependence of this on the equilibrium factor.
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Long-Term Measurements of Equilibrium Factor
and Unattached Fraction of Short-Lived Radon
Decay Products in a Dwelling—Comparison
with Praddo Model

C. Huet,' GG. Tymen,' and D. Boulaud”
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According to the United Nations Scientilic Committee on the
ElMects of Atomic Kadiation (UNSCEARK 19031, the dose due Lo
the inhalation of radon decay products represents almost 50% of
the toftal natural radiation dose to the general population. The sci-
culific community is interestod in the wsessment of the risk in-
duced by domestic radon exposore. The dosimetric models vsed
to estimate the dose are very sensitive 1o unattached fraction and
siee distribations, which makes the characterzation of the indoor
radon decay products aerosol necessarv. For this porpoese, long-
term measurements of umattached froction {f 1 and equilibrism
Factor (F) were tuken in o dwelling under typical indoor domes-
tic aerosel conditions, An original device consisting of an annular
ill.rrll\i:‘ll] l']l]!ll]rl wiell iII |]ilril”l'l AL i.ll an ogsn !illl‘r Wik I']r! l'l[‘ﬂ'il
and calibeated 1o continuously mesure te unsiached fraction.
Morcover, radon activity concentration and particle concentration
were simultanesusly monitored, With aged aerosaol, particle con-
centration was feumned to be very low (between S00 and S000 cm™ ),
radun activity concent ration ranged from 240 (o 2800 By m Y, and
the mean valves of f, and F were, respectively, L3 1 000810067 §and
L6 (=045 L With ae rosol sources, the high increase in particle
concentralion led to a negligible unattached froction and raised
the equilibrivm fwetor. A correlation relationship was determined
hetween these two paramelers under dilferent serosol condilions.
Finally, vur experimental results we re compared (o results obtained
with the PRADTMY muodel: this comparison showed a good agree-
ment between these two different approaches,

halation, it decays into a series of solid short-lived decay prod-
ucts, 25 Pa, 24ph, 4R, and MPo. According to the United
Mations Scientific Committee on the Effects of Atomic Radi-
ation (UNSCEAR 1993 ), the dose due 1o inhalation of rwdon
decay product s represents almaost S0 of the total natural radia-
tion dose to the general population. An association belween an
excess fsk of lung cancer and exposure 1o radon and its decay
products has been demonstrated in vranivm miners and other
miners (Lubin et al. 1994). The risk related 1w indoor domes-
tic exposure has been estimated from the risk projection from
underground miners data in association with measurements of
indoor radon concentrations. However, exposure conditions in
mines generally differ from those in dwellings, and thus the role
of radon domestic exposure in the occumence of lung cancer
remains unclear.

The last European program, RARAD (1996-1999), was
aimed at assessing the risk induced by inhalation of short-lived
radon decay products under genuine living conditions. For this
purpose, a multidisciplinary approach was chosen, and the stud-
ies addressed five main topics: radioactive aerosol, modeling,
humans, animals, and retrospective assessment of mudon expo-
sure. As part of the aerosol group. our objective was to determine
the properties and behavior of the mdon decay products under
typical domestic conditions and to focus especially on the tem-




