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Factores de riesgo del cancersde pulmon
Tabaco
Exposicion a radon en interior de domicilios y edificios.
Ocupacion:
— Exposiciones a productos quimicos concretos: Asbesto.
Polvo de madera. Silice.
Polucion ambiental
Humo ambiental de tabaco
Diecta
Susceptibilidad genética

Genes supresores de tumores.
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Tasa anual de muertes par cancer de pulmdn
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Pennsylvania

Empleado de Central Nuclear al
que se detectaba cientos de veces
mas radiactividad que la medida
en el trabajo y cuando llegaba de
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Consumer
Products Other Includes:

Artificial 18%  Nuclear 4, Other Occupational  0.3%

Medicine <1% Fallout <0.3%
\4% Nuclear Power 0.1%
Medical X-rays Miscellaneous 0.1%

11%

Cosmic
Outer Space)
8%

Terrrestrial
(Rocks & Soil)
8% AN Natural 82%

Internal
(Inside Human
Body)
1%
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y SE
reparten la dosis

radiactiva significativa
para el epitelio

respiratorio

Descendientes del radon
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¢ Qué ocurre cuando se inhala el radon?

m Particulas altamente
radioactivas se adhieren al
I 7 i tejido pulmonar, donde pueden
irradiar sensiblemente las
c¢lulas broncopulmonares.

m La radiacion puede alterar
las células, increntando el

Lesidn en la doble hélice riesgo potencial para el
cancer.




La radiacion ionizante puede danar directa e indirectamente
el DNA

Defectos en el gen — p53
supresor de tumores

El riesgo individuaII en ausencia del
gen codificador de la enzima GSTM,

(glutathione S-transferase M1)
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1500- Agricola observa mayor mortalidad por una.enfermedad respiratoria en la minas de
Erz (Este de Europa).

1879- Karting y Hesse identifican como cancer pulmonar aquella enfermedad respiratoria.
1921- Uhling relaciona las emanaciones de radio con el cancer pulmonatr.

Afios 70- Publicacion de primeros estudios que relacionan la exposicion a radon y el eancer
pulmonar en mineros.

1987- La EPA (Environmental Protection Agency) establece los 148 Bg/m? com@
concentracion que no debe sobrepasarse y a partir de la que se deben realizar reduceion
de radon en los domicilios.

1988- BEIR IV (Committee of de Biological Effects on Ionizing Radiations) National
Academy of Sciences/National Researc Council: Analisis pormenorizado de los trabajos
sobre exposicion a radon de mineros y de animales. Asocia evidencias publicadas con la
aparicion de cancer pulmonar.
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1990 - EURATOM Publicacién de normativa europea recomendando no superar los 400 Bg/m? en casas
ya construidas ni los 200 Bg/m? en las de nueva construccion.

Afios 90 — Estudios sobre exposicion residencial a radon y canceérpulmonar.

1999 — BEIR VI Actualizacion del BEIR IV definiendo el radon com segundo factor de riesgo de cancer
pulmonar después del tabaco.

2003 — Publicacion en Bull Wid Hlth Org 2003:Meta-analisis de 17 estudios décasos y
controles en todo el mundo.

2004/05 — Publicacion del estudio colaborativo de 13 investigaciones europeas de C-C(pooling study):
(Darby et al.Br Med J)

2005 — Publicacion del pooling study americano (USA-Canada) (Krewski et al. Epidemiology)

2005- Inicio del International Radon Project de la OMS para elaboracion de un Handbook o Informe
Técnico de recomendaciones para implantar Programas de reduccion de radon por los Gobiernos
miembros. (Geneve, marzo 2005; Geneve 2006; Miinchen 2007).

2008 — Publicacion prevista del pooling study mundial y del Informe técnico de la OMS.

2009 — Publicacion del “Handbook of radon de la WHO, Informe Técnico del IRP.
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Table: Mortality from lung cancer amondg
miners exposed to radon

Mumber of lung cancer deaths

Expected
Mines (without radon) Observed

Colorado Plateauw, LUISA 59 256
O rtario, Canada &8 152

Beaverlodge, Canada 34

FPort Radium, Canada 25

West Bohemia,
Crzech Republic

Malmbeaerget, Swedan
Mew Mexico, LISA

MNewfoundlanmd, Canada

Yunnan Province, China
Corrmwwall, LIk

Radium Hill, Australia

France
Total
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TABLA 2

Resultados de los estudios de casos y controles y de los analisis conjuntos de estudios sobre radon residencial y cancer

de pulmon

Autor y afio

Lugar

Tamafia muestral

Resultados

Crarby et al’s,
2005

Krewski =t al'”,

Lubin =t al'?,
200

Baochicchio et al®,
SO0

Favia =t al'?,
]

2001

Baysson =t al*=,
2004

Letourneau =t al23,
1994

Alavanja =t al®,
1<a9

ALvinen =t al®®,
199

Pershagen et alt?,
1954

Kreienbrock et alP?,

Barros-Dics et al®,
2002

Andlisis conjurnto

Andlisis conjurnto
de estudiocs norte-
americanos

Andlisis conjunto
de estudics chinos

talia

Metaanalisis

Aritigua Alemania

Zccidental

Francia

Galicia, Espafa

Canada

Missauri (EE LILIY

Finlandia

Suecia

de estudics europaos

14 estudics
incluidos

7 estudics
incluidos

2 estudics
incluidos

324 casos v
404 controles

17 estudics
incluidos

1 44949 casos ¥
2.297 contrales

4R35 casos v
954 controles

153 casos v
241 cantroles

3B casos y
738 controles
TR casos v
742 controles
expuestos durants
25 anos a radan
residencial
517 casos v
517 controles

1 350 casos y
2.5847 contrales

El riespo de CF por cada 100 Bg/m® aumenta=n 1,16
{1z del 95%, 1,05-1,31)

El riesgo de CP por cada 100 Bgf/m?® aumenta=n 1,11
{IC del 95%,, 1,00-1,28)

El riespo de CF por cada 100 Bg/m® aumenta =n 1,32
{1z del 95%, 1,01-1,35)

Riesgos de 1,30 {(1C del 959%,, 1,03-1,54); 1,48 (IS d=l 25%, 1,08-2,02),
1,49 (1C dal 953, 0,82-2,71), v 2,89 (IC del 25%, 0,45-158,05)
para exposicionss de S0-22, 100-199, 200-399 v = 352 Bg/m@,
res pectivamente, al comparar con exposiciones <= 50 Bg'm?

El riesgo para los expusstos = 150 Bgim® es de 1,249
{(IC del 95%,, 1,11-1,38)

Rigsgos de 1,57 {IC del 95%, 1,08-2,27); 1,92 (1C de=l 5%, 1,12-3,13},
¥ 1,23 {1C del 95%, 0,99-3,77) para concentracionss de 50-80, 81-140
W = 140 Bgimn?®, respectivaments, tomando como referencia
concentraciones < 50 Bg/m?

Riesgos de 0,85 (IC del 95%,, 0,59-1,22); 1,1% (IS d=l 25%, 0,81-1,77)
1,04 {1z dal 95%, 0,64-1 &7), v 1,11 (IC del 25%, 0,52-2,09) para
concentraciones de S0-100, 100-200, 200400 w = 400 Bgi/m?3?,
tomando como referencia a los expusstos a < 20 Bg/im?

Riesgos de 2,73 {I1C del 959%, 1,12-5,48); 2,48 (IC d=l 95%, 1,21-5,79),
W 2,95 {10 d=l 95%, 1,29-6,7%) para los expusstos a 37-55, 55-148 v
= 148 BEg/m?, respectivamente, tormando como referencia a los expuestos
a = 37 Bg/m?

Mo hubo diferencias en los riesgos de CP para expusstos frents a
no expuestos

Rigsgos de 1,3 para nunca fumadoras y de 4.5 para muy fumadores

Riesgos de 1,03 {(1C del 959%,, 0,84-1 2&); 1,00 (IS de=l 95%, 0,78-1,29),
0,21 (1C25% 0,61-1,35), v 1,15 (IC dal 95%., 0,69-1 ,%3) para
concentraciones de 50-23, 100-199, 200-399 v 400-1227 Bgfmr,
res pectivamente, tomando como referencia concentracionss « 50 Bgdmnm?

Rigsgos de 1,3 (1C dal 95%, 1,1-1,5)y L8 (12 d=l 95%, 1,1-2,9) para
expuestos a 140-400 y = 400 Bogdm?, respectivameants, tomando como
referencia a expusstos a < 50 Bg/m?

CP: cancerde pulman; 1C:

imtervale de confianza.
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Free Executive Summary
Health Effects of Exposure to Radon: BEIR VI

Committee on Health Risks of Exposure to Radon
(BEIR VI), National Research Council

ISBN: 0-309-05645-4, 516 pages, 6 x 9, hardback (1999)
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HEALTH EFFECTS OF

EXPOSURE TO

RADON

BEIR VI
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EPA Assessment of Risks from
Radon in Homes




EL RADON: EXPOSICION DE RIESGO PARA LA SALUD.
SOLUCIONES PARA SU REDUCCION

EPA ASSESSMENT OF RISKS FROM RADON IN HOMES




EL RADON: EXPOSICION DE RIESGO PARA LA SALUD.
SOLUCIONES PARA SU REDUCCION

Muertes por Ao

25.000

La EPA 20,000

estima gue el -
. 15,000

5,000




Comparing Radon Related
Cancer to Other Cancer
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B Lung Cancer (radon)

B Liver Cancer
Brain Cancer

B Stomach Cancer
Melanoma

B Oral Cancer
Gallbladder Cancer

B Bone Cancer




Radon Induced Lung Cancer
Non-Hodgkin Lymphoma
Ovary

Liver

Esophagus

Bladder

Brain

Kidney

Stomach

Multiple Myelom a

Acute Myeloid Leukemia
Melanom a

Oral Cavity and Pharynx
Uterine Corpus

Chronic Lymphocytic Leukemia
Larynx

Uterine Cervix

Soft tissue

Gall Bladder

Thyroid

Acute Lymphocytic Leukem ia
Hodgkin Disease

Bone and Joint

Small Intestine

Chronic Myeloid Leukemia
Ureter

Testis
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EVIDENCIAS RECIENTES DE LA RELACION
RADON / CANCER DE PULMON
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EXPOSICION RESIDENCIAL AL RADON
Y RIESGO DE CANCER PULMONAR

Resultados del estudio en Galicia 1992-1994
()

American Journal of Epidemiology (2002)
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EL RADON EN GALICIA: 1992-2008

1.- Proyecto FIS 1992-1994. C-C sobre exposicion domiciliaria a radon y ocurrencia de
cancer primario de pulmon en el Area sanitaria de Santiago.

Resultados: Tesis Doctoral de Ana Barreiro (1999)
Articulo en American Journal of Epidemiology (2002)

® Amearncan Joumal of Epidemiclogy Vol 156, Mo, &
M Caopyright @ 2002 by the Johns Hopkins Bloomberg School of Public Health Printed in U.S A,

All rights reserved Ce: A0 092 ajeowflT0

Exposure to Residential Radon and Lung Cancer in Spain: A Population-based
Case-Control Study

Juan Miguel Barros-Dios'-2, Maria Amparo Barreiro!, Alberto Ruano-Ravina', and Adolfo
Figueiras?

1 Department of Preventive Medicine and Public Health, School of Medicine, University of Santiago de Compostela, Santiago de

Compostela, Spain.
2 Preventive Medicine Unit, Santiago de Compostela University Teaching Hospital, Santiago de Compostela, Spain.

Received for publication July 26, 2001; accepted for publication May 8 2002.
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TABLE 1. Breakdown of cases and controls by variables of major relevance, Spain, 1992—1994

Casas Controls

Mo, of males {2%) 151 (92.6) 219 (90.9)

Age (years) (mean (SD#*)) G65.7 (10.5) 57.7(12.5)
Mo, of subjects with a family history of cancer (95) 28 (18.4) 20 (8.5)

Tobacco consumption
Mo, of smokers (2%) 145 (91.8) 129 (54.7)
Mean (SD)t 24.2 (16.9) 7.1 (9.9
Median (pct* 25, 75)t 21.9 (14.8, 35.3) T4 (00, 10.9)

Radon {Bg/m?®)
Arithmetic mean (SD) 141.4 (231.9) 114.0 {135.3)
Geometric meaan (GSD#) 5.4 (2.4} GE.4 (2.0)
Median (pct 25, 75) 66.6 (40.7, 154.5) 51.8 (29.8, 118.4)

Time of occupancy in dwelling (years)
5—9 (%) 12 (B.0) 25 (14.5)
10—19 {2%) 35 (21.5) G2 (25.7)
=20 (%a) 114 (69.9) 142 (58.9)

Presence of monitoring device (days) (mean (SD)) 155.3 (21.1) 150.9 (55.2)

+* 5D, standard deviation; pct, percentile; GSD, geometric standard deviation.
Thousands of packs smoked over a lifetime.

American Journal of Epidemiology (2002)
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FIGURE 2. Distribution of the study population by residential radon level, Spain, 1992-1994.

American Journal of Epidemiology (2002)
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TABLE 2. Effect of radon concentration on the risk of lung cancer, Spain, 1992-1994

Radon cancentration® Mo, of subjects Crude analysis Adjusted analysist

Boy/m? pCiflitar Cases  Controls OR% 05% Clt OR 05% Cl

0-36.9 0.0-0.9 28 73 1.00 115,375 100 1.21,6.18
Jro-551 1.0-14 43 54 208 1.05,3.34 273 112,548
00.2-1479  1.5-39 46 64 187 130,436 | 248 129,679
=148.0 4.0 42 46 238 130,436 | 296 129,679

* Categorized in quartiles for all subjects and expressed in Bg/m® and pCilliter,

t Adjusted for age, sex, family history, and lifetime tobacco consumption (measured in packs and categorized
in quartiles).

t OR, odds ratio; CI, confidence interval,

American Journal of Epidemiology (2002)
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TABLE 3. Interaction between exposure to radon and lifetime tobacco
consumption, Spain, 1992-1994

Lifetime tobaccn  Hadon concantration Mo, of subjects Adjusted* analysis

CONSUMPHiON By s pCillitar Cases  Controls CRt 05% CIt

Nonsmokers 0-96.9  0.0-08 2 28 1.00
=370 =10 11 76 181 033 10,09
Smokers  0-36.9  0.0-0.9 o4 43 [ 2016 | 343 11855
=370 =10 {18 85 | 4645 | B8.46,254.85

* Adjusted for age, sex, and family history.
1 OR, odds ratio; Cl, confidence interval.

American Journal of Epidemiology (2002)
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RIESGO DE CANCER DE PULMON EN UNA
COHORTE EXPUESTA

A RADON DOMICILIARIO

EN EL AREA SANITARIA DE SANTIAGO DE
COMPOSTELA EN EL PERIODO

1994-2006

Resultados del estudio 1992-1994 en Galicia.
(1)

Epidemiology (2009; Vol 20)
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EPIDEMIOLOGY

LETTERS TO THE EDITOR

Residential Radon and
Lung Cancer

To the Editor:

esidential radon exposure causes lung

cancer. The Intemational Agency for
Research on Cancer declared radon as a
human carcinogen in 1988." Evidence for
this statement is based mainly on studies
in miners’ and residential case-control
studies.** There are no published cohort
studies assessing the relationship between
residential radon exposure and the devel-
opment of lung cancer.

Berween 1992 and 1994, we en-
rolled 241 randomly selected controls in
a population-based case-control study
on residential radon and lung cancer by
using 1991 census data for the Santiago
de Compostela Health District’ Ini-
tially, 500 persons from the general pop-
ulation were selected through sex-strat-
ified random sampling. Of these, 391
met the eligibility criteria and 241 were
finally included (32% refused and 5%
‘were not located after 3 attempts).

Participants younger than 33
vears of age, those with previous can-
cers, and those who had lived fewer
than 5 years in the same dwelling were
excluded. All participants were per-
sonally interviewed on lung cancer
risk factors, and radon concentration
was measured in the main bedroom
under standard conditions.

Cohort follow-up ended on 31
May 2007. For each cohort member, the
vital status was assessed through 2 da-
tabases: hospital records at the Clinic
University Hospital of Santiago de
Compostela and the Galician Mortality
Registry, which covers the whole Gali-
cian population. The survival outcomes
were (a) alive, (b) death from a cause
other than cancer, (c) incidence or death
from cancer other than lung cancer, and
(d) incidence or death from lung cancer.
Radon exposure at baseline was com-
pared among persons without cancer,
those with cancer other than lung can-

TABLE 1. Baseline Cohort Characteristics and Radon Relative Risks (1992-1994)

Variable

Cancer Other Than
Lung Cancer

Lung Cancer

106 (50}
344016)
Men (%) 187 (89)
Current smoking® (%) 77 136)
Quartiles of lifetime smoking
in packets (only for ever
smokers)®

Quartiles of radon .
concentration (Bqnr’)
30
52
E 17
Subjects above the EPA level 4120)
(148 B/’ (%)
RR (C195%) Loo

0(0)
3(60)
2 (40)
5 (100y
240y

3 (60

0.68 (02-2.2) 6.6 (1.2-38)

“Baseline charasteristics of those subjects who developed lung or other cancer type o the follow-up

cer, and those with lung cancer at the
end of the follow-up.

We could find determine outcome
status of 211 persons (88%); median
follow-up was 12 years. During the fol-
low-up, 11% (25 subjects) had devel-
oped some tvpe of cancer, of whom 5
had lung cancer. Tobacco consumption
was similar among groups at the base-
line (Table 1). The median radon con-
centration was 226 Bg/m® among future
lung cancer cases and 52 Bq/m® among
all others. All lung cancer cases lived in
the same dwelling until the end of the
follow-up. The crude relative risk for
lung cancer among those exposed to
radon concentrations higher than 148
Bg/m* compared with nonexposed was
6.6 (95% confidence interval = 1.2-38),
whereas the relative risk for any cancer
type was 0.68 (0.2-2.2).

To our knowledge these are the
first cohort data on residential radon
exposure and lung cancer, and the re-
sults confirm an association. Residential

Epidemiology » Velume 20, Number 1, January 2009

radon concentration in those who devel-
oped lung cancer was 4.5-fold higher
than the radon concentration in the other
groups, the median concentration being
far above the action level considered by
EPA or European Union (148 and 200
Bg/m?, respectively).

This study has a small sample
size, which does not allow a detailed
analysis. Nevertheless, these are the
first data of their kind and add evi-
dence that radon concentration pre-
dicts the risk of lung cancer years
before its onset. An advantage in this
investigation is that the proportion of
smokers was similar among the study
groups, and therefore, we believe that
the higher lung cancer incidence in
those exposed to higher radon concen-
trations is not due to higher tobacco
consumption.

Other researchers who have con-
ducted residential case-control studies
may be able to add to these results using
larger samples.
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EL RADON: EXPOSICION DE RIESGO PARA LA
SALUD. SOLUCIONES PARA SU REDUCCION

Sujetos a estudio:

Los participantes son 241 individuos
que fueron seleccionados
aleatoriamente del censo de 1991
entre los habitantes del Area
Sanitaria de Santiago, con un
muestreo por frecuencia de sexo
(respecto a casos de cancer de
pulmon) y en funcion del peso
poblacional de cada comarca.

Se trata de los controles utilizados

para el estudio de casos y controles sobre
radon y cancer de pulmon realizado
entre 1992 y 1995

(Barros-Dios et al. Am J Epidemiol 2002).

Se restringio la muestra a mayores de 30
afos sin limite de edad.

Exposure to Residential Radon and Lung Cancer in Spain: A Population-based
Case-Control Study

Juan Miguel Barros-Dios'2, Marfa Amparo Barreiro!, Alberto Ruano-Ravina!, and Adolfo
Figueiras!

afting public haalth racom

frol studies; lung neoplasms; radon

Abbreviation: Cl, confidence intarval.




EL RADON: EXPOSICION DE RIESGO PARA LA
SALUD. SOLUCIONES PARA SU REDUCCION

Periodo de sequimiento:

A todos los sujetos del estudio se les midié
la concentracion de radén en su casa
(exposicion) entre 1992 y 1995. Se
excluyeron aquellos individuos con menos
de 5 anos de residencia en la vivienda
actual, con lo que para todos los sujetos, el
tiempo de seguimiento, antes de Ia
determinacién de radén, fue como minimo
de 5 anos.

Lo mas probable ¢es que ‘ese periodo
previo sea de unos 20 anos (de mediana)
de residencia en el mismo domicilio:

A este periodo se le une el posterior a‘ia
medicion, que se censuro a 31 de mayo de
2007, con lo que se pueden anadir hasta
12 afios posteriores a la mediCion para
algunos individuos.

El periodo de seguimiento mas frecuente
deberia rondar los 25 afios.




EL RADON: EXPOSICION DE RIESGO PARA LA
SALUD. SOLUCIONES PARA SU REDUCCION

Resultados:
211 sujetos seguidos (88%)
12 afios de seguimiento (mediana)

25 personas (11%) desarrollaron otros canceres Bas acteristics)  Lu " Lung Cancer
1 4 Variable =5
diferentes al de pulmon. ariabl .

TABLE 1. Baseline Cohort Characteristics and Radon Relative Risks (1992-1994)

5 personas (2,4%) desarrollaron cancer pulmonar LG 708 0(0)
(CBP) 5 i .;_:EI 2 (48 3 (ki)

240

El consumo de tabaco fue similar en ambos grupos ( 87 (89) 5 (100)
enfermos y no enfermos). . - 766 2140

La concentracion mediana de radon fue de 225 Bg/m?

entre los que desarrollaron CBP y de 52 Bq/m? entre
los restantes.

Todos los sujetos con CBP vivieron en la misma casa
hasta el fin del seguimiento.

El RR para CBP entre sujetos con Rn > 148 Bq /m?
fue de 6,6 (1,2 — 38).
Conclusién:

SE CONFIRMA CON UN DISENO MAS
POTENTE QUE EL DE ¢-¢ LA EXISTENCIA DE
ASOCIACION ENTRE EXPOSCICION A Rn
RESIDENCIAL Y APARICION DE CANCER
PULMONAR

ts who developed lung or ather




EL RADON: EXPOSICION DE RIESGO PARA LA SALUD.
SOLUCIONES PARA SU REDUCCION

MORTALIDAD ATRIBUIBLE AL RADON Y A
LA INTERACCION RADON-TABACO

Resultados del estudio en Galicia 1992-1994
(111)

BMC Public Heltah 2010; 10:256




EL RADON: EXPOSICION DE RIESGO PARA LA SALUD.
SOLUCIONES PARA SU REDUCCION

Pérez-Rios et al. BMC Public Health.2010, 10:256

http://www.biomedcentral.com/1471-2458/10/256
RESEARCH ARTICLE Open Access BioMed Central

Atributable mortality to radon exposure In

Galicia, Spain. Is it necessary to act in the
face of this health problem?

Monica Pérez-Rios'2:3 Juan M Barros-Dios?:3.4
Agustin Montes Martinez'-3 and

Alberto Ruano-Ravina®:3




EL RADON: EXPOSICION DE RIESGO PARA LA SALUD.
SOLUCIONES PARA SU REDUCCION

Table 1. Description of study population used to obtain the risks and prevalences for the

attribution model.

SEX
Males (%)

AGE (years)
Median (SD)

Exposure to radon®
Geometric mean (GSD)
Median (pct 25, 75)
Percentage of homes with levels above 148

TOBACCO CONSUMPTION
Number of smokers or ex-smokers (%)..
V=R ED))
Median® (pct 25, 75)

PRESENCE OF RADON MONITORING DEVICE
Days (mean, SD)

Cases

151 (92.6)

65.7 (10.5)

75.4 (2.4)
66.6 (40.7, 144.5)

145 (91.8)
24.2 (16.9)
21.9 (14.6, 35.3)

155.3 (31.1)

Controls

219 (92.9)

57.7 (12.5)

66.4 (3.0)

51.8 (29.6, 118.4)
19.4

17.7

129 (54.7)

7.1 (9.9)
7.1 (0.0, 10.9)

150.9 (55.3)

2percentages of homes with levels above 148 and 200 Bq/m?® were solely obtained for controls.
®Thousands of packets smoked over a lifetime




EL RADON: EXPOSICION DE RIESGO PARA LA
SALUD. SOLUCIONES PARA SU REDUCCION

Table 2: Prevalences and risks used for estimating attributable mortality.

37 Bg/m’ OR and 95% CI 148 Bg/m’ OR and 95% CI
Non-exposed non-smokers 1.3% 1.00 5% 1.00
Non-exposed ex-smokers 14.5% 34.14 (5.81-200.42) 39.6% 48.65 (13.01-181.91)

Non-exposed smokers 5.7% 14.38 (2.28-90.55) 28.9% 29.95 (8.12-110.48)

Exposed non-smokers 7.4% 2.50 (0.47-13.46) 3.9% 7.39 (1.68-32.56)

Exposed ex-smokers 32.1% 44,88 (8.13-247.63) 6.9% 24.07 (5.24-110.52)

Exposed smokers 39.0% 43.23 (7.96- 234.92) 15.7% 53.41 (12.88-221.49)

*Adjusted for sex, age, and family history of cancer.
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UNIVERSI
DE SANTIAGO

SALUD. SOLUCIONES PARA SU REDUCCION I,

Table 2. Prevalences used for estimating attributable mortality.

37 Bg/m® 148 Bg/m’

Non-exposed non-smokers 1.3% 5%

Non-exposed ex-smokers 14.5% 39.6%
Non-exposed smokers 5.7% 28.9%
Exposed non-smokers 7.4% 3.9%

Exposed ex-smokers 32.1% 6.9%

Exposed smokers 39.0% 15.7%




UNIVERSIDADE
DE SANTIAGO
DE COMPOSTELA

EL RADON: EXPOSICION DE RIESGO PARA LA WSC
SALUD. SOLUCIONES PARA SU REDUCCION

Table 3. Percentage of lung cancer mortality in Galicia attributable to exposure to radon and smoking.

37 Becgerels/m? 148 Becgerels/m?

Attributable Attributable Attributable Attributable
deaths number deaths number

Non-exposed never-smokers 6.66% 87 7.98% 105

Non-exposed ex-smokers 14.07% 38.78%

Non-exposed smokers 27.93%

Exposed never-smokers 4.50%

Exposed ex-smokers 31.38%

Exposed smokers 38.09% 15.41%

Total 100%; 10094




EL RADON: EXPOSICION DE RIESGO PARA LA SALUD.
SOLUCIONES PARA SU REDUCCION

PAF=p(1 - 1/OR)

(Fraccion atribuible a la poblacién), donde ¥p, es la
proporcion de sujetos entre los diagnosticados de cancer

de pulmoén expuestos a cada factor (con 6 categorias de
prevalencias, 2 de radon y 3 de tabaco), y OR es el riesgo
de cancer para cada categoria (6 ORs).

AM=0OM*PAF,
en donde AM se refiere a la mortalidad atribuible




Estudios realizados en Galicia (ll)

(PP SR, ey —

Efecto de la radiacion alfa sobre el gen

p53 en pacientes con cancer pulmonar

expuestos a diferentes niveles de radon :

en domicilios del area sanitaria de : T E T
Santiago. (PGIDT-Sergas). : ' s

Annals of Oncology Advance Access published September 25, 2007

original article

Analysis of the relationship between p53
: . . . Analysis of the relationship between p53
lmmUHOhIStOChemlcal eXpr68810n and immunohistochemical expression and risk factors for
riSk factors for lung cancer Wlth SpeCial lung cancer, with special emphasis on residential

’
emphasis on residential radon exposure.

Annals of Oncology 2007.

original
article




Estudios realizados en Galicia (IV)

Estudio de casos y controles multicéntrico (Ourense y
Santiago). Un modelo multifactorial de riesgo para el
cancer de pulmon. Estudio de casos y controles en

Galicia sobre radon  residencial, “dieta
susceptibilidad genética. 2005-2008 FIS/ PI 031248.

- Participaron cerca de 1.000 personas entre casos y controles.

Finalizado el trabajo de campo, se encuentra en la
fase de andlisis de datos.




Estudios realizados en Galicia (V)

Mapa de radon de Galicia (en ejecucion)
PGIDT (PGIDTO1MAMZ20801PR).
Cofinanciado [+D y Medio Ambiente.
Consejo de Seguridad Nuclear. Proyecto SRA/13901/2005/748
Disefio: estudio transversal descriptivo.

Muestreo: aleatorio estratificado por comarcas (al menos dos
mediciones en cada municipio).

Unidad de muestreo: individuo.

N = 3.000. Numero de mediciones proporcional al nimero de
habitantes. (1/300 domicilios, 1/900 habitantes).

Factors underlying residential radon concentration: results from
Galicia, Spain. Environ Res. 2007 Feb;103(2):185-90.




EL RADON: EXPOSICION DE RIESGO PARA LA
SALUD. SOLUCIONES PARA SU REDUCCION

Bull Wild Hlith 2003 : Meta-analisis de 17 estudios mundiales.

British Medical Journal 2004-05: Estudio colaborativo de 13
investigaciones europeas (pooling study).

Epidemiology 2005: Analisis combinado de 7 estudios de C-C
norteamericanos.

Health Physics 2005: "Pooling” estudio de dos casos-controles en
Alemania.

Int J Cancer 2005: Estudio C-C sobre cancer de pulmon, radon
domiciliario, y dieta en una region mediterranea.
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META-ANALISIS:
CANCER DE PULMON Y RADON RESIDENCIAL
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Meta-analysis of residential exposure to radon gas and
lung cancer

Maria Pavia,' Aida Bianco,' ClaudiaPileqgi,' & Italo F. Angelillo’

Objectives To investigate the relation between residential exposure to radon and lung cancer.

Methods A literature search was perfarmed using Medline and ather sources. The quality of studies was assessed. Adjusted adds
ratios with 95% confidence intervals (CI} for the risk of lung cancer among categories of levels of expasure to radon were extracted.
For each study, a weighted log-linear regressian analysis of the adjusted adds ratios was perfarmed according to radon concentration.
The random effect model was used to combine values from single studies. Separate meta-analyses were parfarmed on results from
studies grouped with similar characteristics or with quality scores abave or equal to the median.

Findings Seventeen case—control studies were included in the meta-analysis. Quality scoring for individual studies ranged from
0.45 to 0.77 (median, 0.64). Meta-analysis based on exposure at 150 Bo/m® gave a pooled odds ratio estimate of 1.24 (95% CI,
1.11-1.38), which indicated a potential effect of residential exposure to radon on the risk of lung cancer. Paoled estimates of fitted
odds ratios at several levels of radan expasure were all significantly different fram unity — ranging from 1.07 at 50 Bg/m® to 1.43
at 250 Bgfm-. Na remarkable differences from the baseline analysis were found for odds ratios from sensitivity analyses of studies
in which »75% of eligible cases were recruited (1.12, 1.00-1.25) and studies that included onlywomen (1.29, 1.04-1.60).
Conclusion Although no definitive canclusions may be drawn, our results suggest a dose—response relation between residential
expasure to radon and the risk of lung cancer. They suppart the need to develop strategies to reduce human exposure to radon.

Keywords Radon/adverse effects; Lung neoplasmsichemically induced; Environmental exposure; Residence characteristics;
Households; Case-control studies; Cohort studies; Meta-analysis (source: MeSH, NLM).

Mots clés Radon/effets indésirables; Tumeur pouman/induit chimiquement; Exposition environnement; Caractéristiques habitat;
Ménages; Etude cas-témains; Etude coharte; Méta-analyse (source: MeSH, INSERM).

Palabras clave Raddn/efectos adversos; Neoplasmas pulmanares/inducido quimicamente; Exposicion a riesqos ambientales;
Distribucidn espacial; Hogares; Estudios de casos y controles; Estudios de cohortes; Meta-andlisis (fuente: DeCS, BIREME).

Bulletin of the World Health Organization 2003;81:732-738
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(pooling-studies)

Eox 1. Inclusion criteria for studies to be included in meta-
analysis

Primary study (not reanalysis or review)
Case—control or cohort design
Examined residential based exposures to radon with a long-

term alpha-track detector to give time-weighted mean
concentrations and/or cumulative exposures

Examined lung cancer

Reported enough data to estimate the odds ratio and its
variance

Published in English

Published by December 2002

Bulletin of the World Health Organization 2003, 81 (10)
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Table 1. Items usad to guality score studies of the association betweean exposure to indoor radon and lung cancer

Quality scoring item Studies complying?

Study design

Cases eithar randomly selected or selected to indude all cases in a specific population 16 (94.1F
Cases identified without knowledge of esposure status 17 (100)
Response rate for identified cases =75% B [35.3)
Contral drawn randomly from the same population of cases 16 (94.1)
Mo knowen association between control status and oxpos ure 16 (94.1)
Response rate for identified controls = 75% 4 [(23.5)
Spadfic diseaszo criteria aiven 13 (FHB.5])
Disease walidated by histology or other gold standard 15 (B8.Z)

Adjustment or matching for confounders
Ene 17 (100
smoking 17 (10a)
Duration 13 (76.5)
Intensity 15 (82.2)
Sax 17 {100)
Ciccupation 10 (52.8)
socicaconomic status or education 9 (52.9)
Ciat 4 (23.5)
Ambient air quality (e _g. traffic density) 4 (23.5])

Exposure assassmeant

Exposure assoss ment made blindly in respsoct to the case—control status of participants [a B {w}]
Exposure evaluations made in relation to the time of diagnosis 18 (94.1)
Radon measurements lasting more than one year 14 (B2.3)
Indoor radon measured in more than one location 11 (64.7)
Evaluation of historical indoor radon lewals (52.9)
Residence in the current home for 20 consecutive wears or more (17.6)
Radon measurement in =70% of houses lived in during the previous 20—30 yoars [(F5.3)
Cutdoor radon concentrations (5.9)
Radon measurement adjusted for mean time spent at home [(F5.3)

Data analysis

Dremographic data listed (82.3)
Statistical analysis of demoaraphic data [ped=
Fowwer calculations porformed (L)
Frecise Pwalues andfor confide nce interval given 7 010a)
Test statistic spedfied 1000

If campliance is not specifically indicated in the text, non-comipliancz = assumead.
Walu=s in parentheses are parcentages.
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ESTUDIO EUROPEO
(13 CASOS-CONTROLES)

BRITHIS MEDICAL JOURNAL 2005;330:223-26

BMJ, doi:10.1136/bmj.38308.477650.63
(published 21 December 2004)
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Radon in homes and risk of lung cancer:
collaborative analysis of individual data from 13
European case-control studies

S Darby, D Hill. A Auvinen. J M Barros-Dios, H Baysson. F Bochicchio, H
Deo, R Falk, F Forastiere, M Hakama, | Heid L Kreienbrock, M Kreuzer F

Lagarde | Mékelainen C Muithead. W Oberaigner G Pershagen, A
Ruano-Ravina, ERumsteeno]a A Schaffrath Rosario, M Tirmarche, L
Tomasek E Whitley, H-E Wichmann and R Dol

B 2005;330:223-; onginally published online 21 Dec 2004;
doi:10.1136/bm).36308.477650.63
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Table 1 European case-control studies of residential radon and lung cancer

Mean measured radon concentration
Mean year of (Bg/m?)*

Study diagnosis Lung cancers Controls
Austria® 1933 267 130
Czach Rapublic™® 1981 528 403
Finland { natiormsicda)™ 19349 104 103
Fintand {south ' 1942 221 212
Franca'® 19495 138 131
Garmany (eastarn)™ 1994 T8 74
Garmarry (western)' 1993 40 &1
tahy'* 1945 102
Spain’® 19493 137
Swedan (nationwide)' 1082 ag Qg
Swedan (never smokars)™ 19490 70 72
Swadan (Stockholm)™ 1935 131 136
United Kingdom?® 1991 67 54
All studias 19490 104 a7t
*Estirmate for sach individual is time weighted average of measuraments in different

residences 534 years aarliar.
+Whaighted avaraga, with waights proportional to study specific numbers of lung cancer cases.
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Br Med J 2004
7.148 casos de cancer pulmonar de 13 paises europeos
14.208 controles
Rango de afios de exposicion al Rn residencial: 5.-34 afios
Niveles medios de Rn:

Casos: 104 Bg/m? Controles: 97 Bg/m’

Nivel de incremento del riesgo en sujetos con medidas de radon directas: 8,4% [3,0 — 15,8}
por cada 100 Bg/m?

Nivel de incremento del riesgo en sujetos con exposicidon ajustando el error aleatorio de las
medidas: 16% [5 — 31]

Riesgo absoluto para 75 afios de edad a exposiciones de
0 100 400 Bq:
No fumadores: 0,4% 0,5% 0,7%
Fumadores : 10% 12% 16%
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Diciembre 2004 Conclusiones:

— Demostracion colectiva de que el radon residencial es un
peligro apreciable.

— La exposicion al radon residencial es responsable del 2% de
todas las muertes europeas por cancer.

— El riesgo de cancer de pulmon aumenta un 16% por cada
100 Bg/m3 (2.7 pC1/l) de incremento en la concentracion
de radon .
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Analisis combinado de estudios de Casos y Controles en Europa
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ESTUDIO NORTEAMERICANO

(Siete Casos-Controles)

Epidemiology 2005; 16 (2):137-145
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Marzo 2005 Conclusiones:

— Evidencia directa de una asociacion entre.radon
residencial y riesgo de cancer de pulmon.

— Consistente con hallazgos en mineros y en estudios
en animales.

— Gran seguridad de que los riesgos estimados no
son resultado de desconocimiento de factores
latentes o de sesgos de estudios especificos.
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Resiclential Radon and Risk of Lung Cancer

A Combined Analysis of 7 North American Case-Control Studes

i

wm M. Zielinski," Michael Alavanja,® Va esa /S, Catalan,
f/a B M 1 Enmest G. Létourneau ™ Charles F Lynch? mﬂ/!]lrm."*l"c
et B. Schoenberg,”" Daniel J. Ste A f A St hn"Am(K ice Weinberg, ™
and Homer B. Wilcox
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Epidemiology 2005

Siete estudios de casos y controles realizados en Norteamérica
(EE.UU y Canada).

3.662 casos de cancer pulmonar
4.966 controles

Exposicion de 5 a 30 afios

Incremento del riesgo por cada 100 Bq de 11%
(similar al 11-12 % estimado en los estudios de mineros)
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Analisis combinado de estudios de Casos y Controles en Norteamérica
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Ultimos avances:
Iniciativa de la OMS sobre radon y cancer de pulmén

WHO (June 2005)

Lanzamiento del “International Radon Projeet’
— Fase 1nicial de 3 afios (2005-2007)
— Incrementar las politicas y los controles publicos:.
— Promover politicas seguras y razonables.
— Reducir el impacto del radon sobre la salud.
— Creacion de una base de datos global sobre radon.
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How does the project work?
IRP working groups:

B Risk Assessment

B WHO Exposure Guidelines

B Cost Effectiveness

B Measurement and Mitigation
Risk Communication
Coordination and Evaluation

Network and working group meetings

Production of Radon-related databases, reports
and recommendations

Project coordination through WHO
Time to act
The largest contribution to environmental

radiation in many countries comes from
radon

The science is clear: the dangers of
radon exposure are well established

Effective ways to reduce radon
levels are available

The challenge

Membership is open to any
WHO member state
government, i. . department
of health, or representatives
of other national institutions
concerned with radiation
research and protection.

A global project to
INncrease
awareness

on rad@n and

health'SUpport
action to decrease
radon levels’in -
homes

Radiation and Environmental Health Unit

Mansiati Ay :
QUEatgScientific kijghvindae-me Protection of the Human Environment . I

public health action to minimize the health
risks for the population.

The WHOQ IRP project will contribute to 211 Geneva and World Health
this through a concerted effort of { ol, ¢ +41 2 : N Organization

partners from all over the world.
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The problem:
|

BiAN

Radon is the most prominent source
of environmental radioactivity and a
major risk factor for lung cancer. ltis
a natural gas that escapes from the
ground. Radon is found to a varying
extent all over the World. While there
usually is a rather low outdoor air
concentration of radon, it tends to
concentrate in houses. This leads to
exposures for the inhabitants.

?!PHallﬂu concern:
lonizing radiation damages cells and
can lead to cancer in the long term.
Radon emits a type of ionizing
radiation called alpha-particles.
Becase Radon is inhaled during
breathing and alpha-particles do not
reach far, it is the lung which obtains
most radiation. Thus lung cancer is
the main health risk. Radon is
responsible for 6-15% of all lung
cancers.

I he eviaence

Much of what we know about lung
cancer and radon has been derived
from studies among underground
miners. Miners may be exposed to
very high radon levels. However, a
series of new studies show that also
the lower radon levels found in
homes increase the lung cancer risk.
Radon and smoking:
Smoking causes the ﬂld}UIrly of lung
cancers. A reduction of both smaoking
and radon levels can therefore be of
greater benefit than one approach
alone.

Reducing radon levels
Radon levels can be measured with
simple devices. The key to low indoor
radon levels lies in blocking entry
paths into houses (sealing of cracks
and junctions) and in increasing
ventilation to vent radon out.

The WHO project
J
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The Radiation and Environmental
Health Unit of WHO brought together
scientists, public health professionals
and legislators from over 20 countries
to establish the International Radon
Project (IRP).

Raise the public and political
awareness of the problem

m find effective strategies for
reducing the health impact of
radon

® promote sound strategies and
programmes to national
authorities

I estimate the global health impact
of radon exposure in homes.
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WHO HANDBOOK ON
INDOOR RADON

VIPUBLIC HEALTH PERSPECTIVE

TS World Health
3 &_} Organization




EL RADON: EXPOSICION DE RIESGO PARA LA
SALUD. SOLUCIONES PARA SU REDUCCION

World Pooling of Case-control Studies of
Residential Radon and Lung Cancer

Confidential Preliminary Results

Pendiente publicacion

Please send all comments on these results to radon@ctsu.ox.ac.uk before 15 Dec 2009
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Actitud de administraciones y sectores
profesionales implicados ¢seguira siendo la
misma?




Normas do Habitat Galego Decreto 262/2007, 20 Diciembre

[LA. 1.3, Calidad ambiental v sostemibilidad.

-Debera garantizarse que. como consecuencia del
disenio del edificio, asi como la implantacion en el mis-
mo de otros usos o actividades complementanas de la
edificacion. la cahidad del aire exterior utithizado en la
renovacion del aire interior de las viviendas no se
encuentra contaminado.

Asimismo, se tendra especial consideracion en la eli-
minacidn de la posible contaminacion de las viviendas

por gas radml

- En la contfguracion de la vivienda v con objeto de
mejorar el disenNde la calidad ambiental de las vivien-
das debera potenceisgse la implantacion de la ventila-
c1on cruzada que favoréssa la renovacion del aire inte-
rior de la  misma. inaegendientemente del
cumplimiento de la normativa DB HS 3 Calidad del
aire interor del CTE.

-Con cardcter complementario a esta normativa la
Admimstracion auntonémica regulara una implantacidn
progresiva de distintivos de calidad. que tenga en con-
sideracion la unlizacion de matenales saludables v non
contaminantes.

Asimismo, se lendrd especial consideracidn en la el
minacion de la postble contaminacion de las viviendas
por gas radon,




EL RADON: EXPOSICION DE RIESGO PARA LA
SALUD. SOLUCIONES PARA SU REDUCCION

La senadora del Partido Popular por la provincia de A Coruiia, Maria Jesus Sainz, ha
defendido una mocion en la Comision de Vivienda del Senado, gue ha sido aprobada con el
apoyo del resto de los grupos parlamentarios, por la que se insta al Gobierno a poner en
marcha una bateria de medidas, con el objetivo de eliminar la acumulacion de gas radon en
las viviendas.

Las medidas aprobadas en la iniciativa se concentran en cuatro puntos:

- Realizar un mapa de gas radon en toda Espafia, con especial incidencia en 1a§ zonas de,Espafia
en las que el riesgo de concentracion es mayor.

- Introducir las modificaciones técnicas necesarias para que en las normativas de viviendas se
incorporen las medidas técnicas preventivas en la construccion de las nuevas edificaciones que
minimicen la entrada de radon y faciliten la eliminacidn posterior en caso de que ello TUese
necesario.

- Estudiar soluciones para reducir al maximo los niveles de gas radon en las viviendas ya gXiStentes

- Estudiar, en colaboracion con las CC.AA., las medidas de informacion y medicion necesarjasipata
garantizar que no existan riesgos graves para la salud de los ciudadanos, con especial atenciopiala
poblacion infantil, los jovenes y los trabajadores.




Grupo Municipal
Concello de Ames

Por todo o exposto, o Grupo Municipal Popular propén a consideracion do

pleno a seguinte

MOCION

Medicion dos indices de gas radon que existen nos edificios publicos de

ambito municipal do Concello de Ames.

Estudar, estruturar e pér en marcha unha campana de informacién ao
cidadan acerca das medidas que se poderian levar a cabo

individualmente.

En Ames, a 14 de marzo de 2009

Asinado: Santiagd V. Amor Barreiro

Voceiro Municipal do Grupo Popular no Concello de Ames




184/058551
A la Mesa del Congreso de los Diputados

Don Carles Campuzano 1 Canadés, en su calidad de Diputado
del Grupo Parlamentario Catalan (Convergencia 1'Unio), y,al

amparo de lo establecido en los articulos 185 y siguientes del
Reglamento de la Camara, formula al Gobierno la siguiente
pregunta, solicitando su respuesta por escrito.

. Comparte el Gobierno la preocupacion que sobre la salud deslas
personas puede provocar el gas radon, tal y como afirma 1a
OMS?

Palacio del Congreso de los Diputados, 6 de mayo de 2009.
Carles Campuzano i Canadés, Diputado.







