
24/10/2011

1

THE SPANISH LABORATORY 
ON NATURAL RADIATION 

UNDER FIELD CONDITIONS
(LRN)

L.S Quindós-Poncela, C. Sainz-Fernandez, I. Fuente-Merino, 
J. L.  Gutierrez-Villanueva, L. Quindós-Lopez,  J. Quindos-Lopez, J.L. MaRtin-Matarranz

LARUC, RADON GROUP UNIVERSITY OF CANTABRIALARUC, RADON GROUP UNIVERSITY OF CANTABRIA
SPANISH NUCLEAR SAFETY COUNCIL (CSN)SPANISH NUCLEAR SAFETY COUNCIL (CSN)

SPAINSPAIN

WHERE WE ARE …WHERE WE ARE …

EUROPEAN UNION COUNTRIES.EUROPEAN UNION COUNTRIES.
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WHAT WE CAN MEASURE …WHAT WE CAN MEASURE …

WHAT WE CAN MEASURE …WHAT WE CAN MEASURE …

+ + AlphaguardAlphaguard, RAD 7, , RAD 7, AtmosAtmos 12, RM 2… 12, RM 2… 
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Radon Radon originorigin

Serie del Serie del 238238UU

238238U presente en toda la corteza terrestre U presente en toda la corteza terrestre 
Media mundial en suelos 35 Bq KgMedia mundial en suelos 35 Bq Kg--11 (UNSCEAR 2000)(UNSCEAR 2000)
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218218PoPo

3.05 m3.05 m
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1.6 101.6 10--44 ss
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138 d138 d

Radon Radon originorigin
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26.8 m26.8 m

214214BiBi

19.7 m19.7 m

210210PbPb

22.3 a22.3 a
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5.0 d5.0 d
206206PbPb

EstableEstable

6.006.00 7.697.69
5.315.31

SólidsSólids
chemicallychemically activeactivechemicallychemically activeactive

Short Short halfhalf lifelife< 30 min< 30 min

ComplexComplex behaviourbehaviour
RadiologicalRadiological relevancerelevance

WHY RADON?WHY RADON?

Radon inhalation (and progeny)   Radon inhalation (and progeny)   
causes alpha irradiation in the cells   causes alpha irradiation in the cells   

of the respiratory tract  of the respiratory tract  

Mutations, malignant transformationMutations, malignant transformation
Lung cancer riskLung cancer risk

Two ways for risk assessmentTwo ways for risk assessment

--EpidemiologyEpidemiology
--DosimetryDosimetry
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Exhalación de Radón
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Descendiente libre
+ 88 %+ 88 %

Neutro 12 %Neutro 12 %

Solo Solo 218218PoPo

0.5 0.5 -- 11

Depósito

Partícula de Aerosol

Descendiente 
adherido

10 10 -- 10001000

Vargas 2004Vargas 2004
Porstendorfer 1994Porstendorfer 1994

Aproximación dosimétricaAproximación dosimétrica

Ref: Porstendorfer and Reinniking, 1998
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Aproximación epidemiológicaAproximación epidemiológica

Aproximación epidemiológicaAproximación epidemiológica

Darby et al. 2005
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Riesgos para la Riesgos para la 
saludsalud

Aproximación Aproximación 
epidemiológicaepidemiológica

Aproximación Aproximación 
dosimétricadosimétrica

Factor 1Factor 1--33

¿Modificar algunos factores de ponderación usados por ICRP?¿Modificar algunos factores de ponderación usados por ICRP?
--Pulmón Pulmón (0.12 a 0.04)(0.12 a 0.04)

-- Partículas alfa Partículas alfa (20 a 7)(20 a 7)
--Regiones pulmonaresRegiones pulmonares

Cambios significativos en la Cambios significativos en la 
dosimetría de otros dosimetría de otros radionucleidosradionucleidos

Radon Radon originorigin

SoilSoil
BuildingBuilding
materialsmaterials

WaterWater

DiffusionDiffusion
Por diferencias de Por diferencias de concentraciónconcentración

Movimiento relativo del gas en el seno del material Movimiento relativo del gas en el seno del material 
que lo contieneque lo contiene

TransportTransport

ConvectionConvection

que lo contieneque lo contiene

Por diferencias de Por diferencias de presión/temperaturapresión/temperatura
El fluido que contiene al gas actúa como vehículoEl fluido que contiene al gas actúa como vehículo

de transportede transporte
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EntranceEntrance pathwayspathways in in dwellingsdwellings

PRODUCTIONPRODUCTION
MOVEMENTMOVEMENT

PermeabilityPermeability
HumidityHumidityyy

WaterWater & & crackscracks

MEASUREMENTMEASUREMENT
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RADON CONCENTRATION MAY PRESENT VARIATIONSRADON CONCENTRATION MAY PRESENT VARIATIONS

-- OF 3 ORDERS OF MAGNITUDEOF 3 ORDERS OF MAGNITUDE

-- FROM ONE BUILDING TO ANOTHERFROM ONE BUILDING TO ANOTHER

-- FROM ONE AREA TO ANOTHERFROM ONE AREA TO ANOTHER

… SO MEASUREMENT CAMPAINGS ARE ESSENTIAL… SO MEASUREMENT CAMPAINGS ARE ESSENTIAL

METROLOGICAL GOALSMETROLOGICAL GOALS

ENSURANCE THE QUALITY OF MEASUREMENTS ENSURANCE THE QUALITY OF MEASUREMENTS 
BY PARTICIPATION/ORGANIZATION OF BY PARTICIPATION/ORGANIZATION OF 

INTERCOMPARISON EXERCISES UNDER FIEL INTERCOMPARISON EXERCISES UNDER FIEL 
CONDITIONSCONDITIONS

MEASURING OCCUPATIONAL RADON MEASURING OCCUPATIONAL RADON 
EXPOSURE AT A NATIONWIDE SCALE EXPOSURE AT A NATIONWIDE SCALE 
ACCORDING TO THE SPANISH LAW ACCORDING TO THE SPANISH LAW 

Titulo VII Titulo VII BOE 178 DE 26 DE JULIO DE 2001BOE 178 DE 26 DE JULIO DE 2001Titulo VII Titulo VII BOE 178 DE 26 DE JULIO DE 2001BOE 178 DE 26 DE JULIO DE 2001

FINISHING THE NATIONAL INDOOR RADON FINISHING THE NATIONAL INDOOR RADON 
MAP IN DWELLINGSMAP IN DWELLINGS
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Prevención y Prevención y 
mitigaciónmitigación

CAMPAÑAS DE 
MEDIDAMEDIDA

(interiores, suelos, materiales de 
construcción)

ELABORACIÓN 
DE MAPAS

DIAGNÓSTICODIAGNÓSTICO

NIVELES DE ACCIÓNNIVELES DE ACCIÓN

PREVENCIÓN
Viviendas NUEVAS

MITIGACIÓN
Viviendas EXISTENTES

REMEDIOREMEDIO
++

SEGUIMIENTOSEGUIMIENTO

Prevención y Prevención y 
mitigaciónmitigación

Técnicas de protecciónTécnicas de protección
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PROYECTOPROYECTO
RADON 10X10RADON 10X10

Mapa Europeo de Mapa Europeo de RadonRadon

Diciembre, 2011Diciembre, 2011

Riesgos

Radiación Natural y Radón

AUTHORITIES SCIENTISTSSCIENTISTS PUBLIC

Riesgos
Situación radiológica
Riesgos (mortalidad) EpidemiologíaEpidemiología

MecanismosMecanismos
Calidad en la medidaCalidad en la medida
Campañas medidaCampañas medida
MapasMapas

Acciones de remedioAcciones de remedio

Divulgación

Soluciones
CTE

Acciones
Coste/beneficio

Acciones de remedioAcciones de remedio
FormaciónFormación
ExperimentaciónExperimentación
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International Intercomparison exercise
under field conditions

42 LABORATORIES42 LABORATORIES42 LABORATORIES42 LABORATORIES

17 COUNTRIES17 COUNTRIES

LABORATORIO LABORATORIO 
DE DE 

RADIACTIVIDAD RADIACTIVIDAD 
NATURAL NATURAL 

UraniumUranium minemine
SaelicesSaelices el Chicoel Chico
Salamanca, Salamanca, SpainSpain
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Country Institution
Austria AUSTRIAN AGENCY FOR HEALTH AND FOOD SAFETY 

Belarus Republic Сеnter of Radiation Medicine and Human Ecology, Radiation Defence Laboratory
Belgium Federal Agency for Nuclear Control
Czech Republic RADON v.o.s.
France BENC BUREAU D ETUDES NUCLEAIRES CORSE
Germany SARAD
Germany Bundesamt für Strahlenschutz
Germany Bundesamt für Strahlenschutz
Hungary RADOSYS Ltd
Hungary University of Pannonia
Italy Dipartimento di Scienze Ambientali – Seconda Università di Napoli
Italy Università Europea di Roma
Italy Mi.am srl
Italy ARPA
Italy ARPAcalItaly ARPAcal

Italy Università Federico II
Norway NRPA (Norwegian Radiation Protection Authority)
Poland Institute of Nuclear Physics PAN
Portugal Instituto Tecnológico e Nuclear, I.P.
Portugal Laboratory of Natural Radioactivity, University of Coimbra
Romania University Babes-Bolyai/Environmental Radioactivity and Nuclear Dating
Romania IFIN-HH Bucharest
Russia
Slovenia Jožef Stefan Institute, Department of Environmental Sciences, Radon Center
Slovenia Institute of Occupational Safety
Spain Grupo de Física de las Radiaciones. Departamento de Física. Universidad Autónoma de Barcelona
Spain Universidad de Extremadura. Badajoz
Spain Universidad de Santiago de Compostela
Spain University of Cantabria
Spain Universidad de Las Palmas de Gran Canarias
Spain Lamse SL
Spain Tecnasa
Spain University of Extremadura. Caceres
Spain ENUSA Industrias Avanzadas SA
Spain CSN
Spain CIEMAT
Spain Instituto de Salud Carlos III
Spain Medidas Ambientales
Spain GEOCISA
Spain LI2GA
Sweden Department of soil and environment SLU University
Sweden Gammadata Mätteknik AB
Sweden Gammadata Instruments
Sweden Independia Control AB 

UK HPA
UK Jon Miles

Radon in Radon in waterwater

No No standardstandard solutionsolutionNo No standardstandard solutionsolution
Radon Radon diffusiondiffusion –– stablestable Rn in Rn in waterwater

concentrationconcentration
RangeRange 300 300 –– 400 Bq/l400 Bq/l



24/10/2011

14

Radon in Radon in waterwater

DifferentDifferent measurementmeasurement techniquestechniques
FurtherFurther comparisonscomparisons in in otherother rangesranges

ExternalExternal dosedose raterate

EasyEasy toto measuremeasure??

3 3 pointspoints –– LOW/MEDIUM/HIGH LOW/MEDIUM/HIGH dosedose raterate
ReferenceReference CIEMAT (CIEMAT (SpainSpain) Reuter Stokes) Reuter Stokes
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ExternalExternal dosedose raterate

ReferenceReference 109 109 nGynGy/h/h
ConversionConversion factorsfactors

CalibrationCalibration//stabilitystability climaticclimatic conditionsconditions

ExternalExternal dosedose raterate

ReferenceReference 180 180 nGynGy/h/h
ConversionConversion factorsfactors

CalibrationCalibration//stabilitystability climaticclimatic conditionsconditions
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ExternalExternal dosedose raterate

HIGH DOSE RATE POINT

ReferenceReference 1800 1800 nGynGy/h/h
ConversionConversion factorsfactors

CalibrationCalibration//stabilitystability climaticclimatic conditionsconditions

IndoorIndoor radonradon

3 3 exposuresexposures//roomsrooms–– LOW/MEDIUM/HIGHLOW/MEDIUM/HIGH
ReferenceReference AlphaguardAlphaguard//AtmosAtmos 1212
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IndoorIndoor radon 1radon 1

MayMay 24th 24th –– June 8th : 3800 June 8th : 3800 kBqkBq h/m3h/m3

IndoorIndoor radon 1radon 1

HomogenityHomogenity in in roomroom
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IndoorIndoor radon 1/Active radon 1/Active 
devicesdevices

MayMay 24th 24th –– MayMay 27th27th

IndoorIndoor radon 1/Active radon 1/Active 
devicesdevices
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DependenceDependence
withwith climaticclimatic

IndoorIndoor radon 1/Active radon 1/Active 
devicesdevices

withwith climaticclimatic
variablesvariables

IndoorIndoor radon 1/Active radon 1/Active 
devicesdevices

Time Time syncrosyncroTime Time syncrosyncro

HomogeneityHomogeneity

Response/Response/applicapplic
ationsations

NecesityNecesity of of 
calibrationcalibration
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IndoorIndoor radon 1/Active radon 1/Active 
devicesdevices

ExampleExample of of badbad
functionfunction

LabLab applicationapplication::
checkingchecking activesactivescheckingchecking activesactives

IndoorIndoor radon 2radon 2

MayMay 25th 25th –– June 16th : 700 June 16th : 700 kBqkBq h/m3h/m3
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IndoorIndoor radon 2radon 2

No No significantsignificant variationvariation of CF of CF withwith exposureexposure raterate

IndoorIndoor radon 3radon 3
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IndoorIndoor radon 3radon 3

MayMay 24th 24th –– JulyJuly 13th : 110 13th : 110 kBqkBq h/m3h/m3

IndoorIndoor radon 3radon 3

TransitsTransits betweenbetween 50 50 -- 100 100 kBqkBq h/m3  !!h/m3  !!
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Radon Radon exhalationexhalation fromfrom
buildingbuilding materialsmaterials

ValueValue nearnearValueValue nearnear
detectiondetection limitlimit

CCeqeq ≈ ≈ CCoutout

LowLow leakageleakage

Long timeLong time

Radon Radon exhalationexhalation fromfrom
buildingbuilding materialsmaterials
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Radon in Radon in soilsoil

InhomogeneousInhomogeneous
fieldfield

DiscrepanciesDiscrepancies pointpoint toto
pointpoint

ComparisonComparison ofof
“radon “radon indexindex” ” 

estimationestimation

Radon in Radon in soilsoil

wewe are are notnot agreeagree pointpoint byby pointpoint……
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Radon in Radon in soilsoil

… … butbut, , goodgood agreementagreement onon radon radon potentialpotential

ConclusionsConclusions

THE LRN  PROVIDE US A BETTER KNOWLEDGE OF THE THE LRN  PROVIDE US A BETTER KNOWLEDGE OF THE 
RESPONSE OF DETECTOR UNDER FIELD CONDITIONS, WHERE RESPONSE OF DETECTOR UNDER FIELD CONDITIONS, WHERE 
MORE VARIABLES AFFECT THE MEASUREMENT OF NATURAL MORE VARIABLES AFFECT THE MEASUREMENT OF NATURAL 

RADIATIONRADIATIONRADIATIONRADIATION

THE LRN LET US COMPLEMENTARY TEST OF DEVICES AND THE LRN LET US COMPLEMENTARY TEST OF DEVICES AND 
SYSTEMSSYSTEMS

NEW COMPARISONS (DOSIMETERS, ETC…) ARE PLANNED FOR NEW COMPARISONS (DOSIMETERS, ETC…) ARE PLANNED FOR 
THE FUTURETHE FUTURE

IMPROVEMENTS ARE NOW ONGOING TO DEVELOP MORE IMPROVEMENTS ARE NOW ONGOING TO DEVELOP MORE 
EXPERIMENTS IN RADON ACTIVITIESEXPERIMENTS IN RADON ACTIVITIES

THE LRN WANTS TO BE A MEETING PLACE FOR RESEARCHERS 
IN NATURAL RADIATION
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thanksthanks forfor suchsuch a a goodgood experienceexperience!!

THANKS FOR YOUR ATTENTIONTHANKS FOR YOUR ATTENTION
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