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Outline

ÅDose to the averagememberof the public
nationwide
ÅDose to the mostexposedpersonnearuranium

mine sites 
ÅDose to the mostexposedpersonby the Tejo 

estuary(radionuclidesfrom nuclear medicine; 
radionuclidesfrom a nuclear vessel)
ÅDose to the representativepersonby the Lisboa 

municipal solidwasteincinerator
ÅExposuresto radon



1. Assessment of the Effective Dose to the average member of 
the public nationwide



Environmentalradioactivitymonitoring

In previousMENVIPRO projectmeetings were
introduced:

ÅThedesign of environmentalmonitoring
programs

ÅEnvironmentalsamplingandradioactivity
analysis(methodsandinstruments) 

ÅData collection



Types of radiologicalmonitoring programs

ÅBaseline or pre-operationalmonitoring

ÅOperationalmonitoring

ÅCompliance monitoring (source control)

ÅNation-wide routine monitoring*

*
ÅRecommendedby the IAEA 

ÅMandatoryfor EuropeanUnion memberstates



Calculationof EffectiveDose to the average
memberof the publicnationwide

Makesuse of data on environmentalradioactivityand
radiationfrom the nationalmonitoringprogram, such
as

Åambientradiationdose (externalradiation; TLDs)

Åactivityconcentrationof radionuclidesin drinking
water andfood (ingestion)

Åactivityconcentrationof radionuclidesin aerosols
(inhalation)

Åradonindoors andoutdoors (inhalation)



Calculation of Effective Dose to the average 
member of the public nationwide

Takes into account:

ÅThenationalaveragediet (Foodbalance 
sheet)

ÅWaterconsumption

ÅOtherbeveragesandspecialfood items(if
needed)

ÅExternalradiationexposure(varies with
regions)



Radionuclide
sourcesand pathways

We need to adapt this to local conditions



Calculation of Effective Dose to the 
member of the public nationwide

Takes in consideration:

-natural radiationbackground (natural 
radionuclides)

-additionalexposures(artificial radionuclides
and, in some areas, enhancedconcentrations
of natural radionuclides)



Effectivedose

ÅThe external irradiation is measured directly as 
ambient radiation dose rate.

ÅThe total committed effective dose, H, is 
computed as

H = Dinh(inhalation)+ Ding (ingestion) + Dext (external irradiation) 

H can be reported in mSv/y.



Internal dose from ingested food

Is calculated as 

DingҐ ʅ AR.DCFingR.Ingr.

being
ÅDing the committed effective dose from radionuclides in the 

ingested food in one year and expressed in Sv/y,
ÅAR the activity concentration of radionuclide R in the 

ingested food , in Bq/kg,
ÅDCFinhR, the activity-to-dose conversion factor through 

ingestion of radionuclide R, in Sv/Bq,
ÅIngr, the food ingestion rate in kg/y



Internal dose from aerosol inhalation 

Is calculated as

DinhҐ ʅ AR.DCFinhR.Cd.Inhr.. T

Being
Å Dinh the committed effective dose from radionuclides in the inhaled dust 

and expressed in Sv/y,
Å AR the activity concentration of radionuclide R in the inhaled dust, in 

Bq/kg,
Å DCFinhRThe activity-to-dose conversion factor through inhalation of 

radionuclide R, in Sv/Bq,
Å Cd, the air dust concentration, in kg/m3,
Å Inhr, the breathing rate in m3/h,
Å T the exposure time in hours per year.



Calculation of Annual Effective Dose to 
the member of the public nationwide

ÅUsually, overthe yearsradiationdoses are mostly
dueto the natural radioactivebackground

ÅAre about2.4 mSv/y, but varybetweenregions
(geologyand radon) and are higherin uranium
miningareas

ÅSmallcontributionsfrom artificial radionuclides
presentin the environment(<<10%)

ÅLargercontributionsfrom artificial radionuclides
followingnuclear accidents.



Chernobyl nuclear accident (26 April 1986)

RoutineEMP measurementsin the country, andacross
Europe, allowedlocal andregional dose assessment.
Dose increased1-3 mSv/y from fallout. 

Advantagesof a routine EMP:
Å Rapididentificationof radionuclidesandspecifictransfer

pathways: 
Åimportedcarcasseswith high137Cs content , from East

Europe
ÅMigratorybirds(doveandstournels) from BlackSea

region
ÅDry fruits, seeds, andmushroomsfrom Midle East.
ÅPowdermilk from central Europe.

ÅProtectionmeasuresapprovedandimplementedtimely.

Calculation of Effective Dose to the member 
of the public nationwide



Fukushimanuclear accident(11 March2011):
Calculation of Effective Dose to the average member of the public nationwide

Routine EMP provided timely 
measurements in the country, and across 
Europe, and allowed local and regional 
dose assessment. 

Advantages of EMP:

Å A soundbasisfor decisionon radiation
protectionmeasures

Å Exposureto the publicwasestimated
at 4% of the radiologicalimpactfrom
Chernobyl

Å Practicallyno measureswereneeded. 
Approvedto keepmonitoring
commoditiesimported from Japan.



Calculation of Effective Dose to the 
member of the public nationwide

Thelessonto learn is: 

ÅContinuedmonitoringanddose assessmentis
neededbecausethat are manyradioactive
sources(nuclear andnon-nuclear) with
regular dischargesinto the environment, and
accidentalreleasesmayoccur.

ÅThisisneededto ensureradiationsafetyof 
the population.



2. Existing exposures:
Dose assessment to the most exposed person from legacy 

uranium mine sites 



Legacyof radium and 
uraniummining in Portugal

üMineralizations

of Uranium in  

the centre -North

of Portugal  

(region of Beiras)

ü60 deposits
exploited (open 
pits or
underground) 
from 1908-2001

ü1 Radium Salts
Factory and 5 
uranium mills



ü Assessmentof environmentalcontamination
andeffectson population health.

Requestedby the Governmentfollowing
population concerns

Å To undertake environmental remedial 
action (site dependent)

Å Environmental radiological 
surveillance of old uranium mining 
and milling sites

άMinUrarέ tǊƻƧŜŎǘ

RecommendationsRecommendations



Ambientdose rate at several
uraniumlegacysites

Counties Dose

GE

Canas Senhorim county 
(outside mining area)

2.4

Mill tailings Barragem Velha 8.8

Sludge Barragem Nova 3.2

Low grade ore Escomb Sta Barbara 16.2

Low grade ore Descarga minério 32.0

Shaft area Zona do Poço nº 5 4.5

GN 1 Old mine area  Moreira de Rei 2.2

Old mine area Rio de Mel 2.3

GN 2 Reference Sátão 1.2

Dose equivalent, mSv per year



Environmental remediation

ÅApproved by the Government 

ÅImplemented by the mining company 
holding EDM- started in 2006

ÅGoals:
ïConfine the milling tailings
ïConcentrate mining waste in 

4 disposal sites
ïTreat the acidmine waters Aerial view of Urgeiriça(early 2008)



Tailings cover

Aerial view of Urgeiriça
(early 2008)

Multi layer cap



Decontaminationof facilities

Industrialareas of uranium milling
werecleaned:
- Removalof contaminatedpipes, 

sewersand soil,
- Dustcontrol duringoperations
- Radiation protection measures.

After decontamination, several
buildings were allocated to other
industrial activities.



Mining and milling wasterecover

ÅThere weremanysmall
mines 

ÅMiningand millingwaste
wereconcentratedin a few 
places, disposedin duly
preparedpits, and confined
with multi-layer covers.

Removalof waste at Prado Velho 

Wastedisposalin a former uranium mine pit



Clean sites releasedfor public use

Severalformer mine  sites 
(open pits) weremonitored, 
cleaned, and re-shaped.

No significantcontamination 
remained, and sites were
consideredadequatefor public 
use as:

ÅRecreationalareas
ÅMine museum
ÅWater reservoirfor fire-

fighting



Mine water: chemicaltreatment

Mine water drainage:
Å Generallyacid
Å Containsstable  metals(Ar, Bi, Y, Cu, 
tōΣ Χύ

Å Oftenin high concentrations
Å Containsdissolvedand particulate

radionuclides(U, Th, Ra, Rn, Pb, 
.ƛΣΧύ

Chemicaltreatment:
Å Addition of BaCl2, 
Å addition of hydroxideto raise

pH to 8-9,
Å Co-precipitatestable metalsand 

radionuclides
Å Beforereleasing treated water



Treatedwater

Automatedtreatment and control:
- physico-chemicalmeasurements
- Addition of chemicals
- Transfer by pumpsinto a sequence

of decantationponds
- Release into surface streams
- Mud (precipitate) accumulatedin ponds 
- periodicallyremovedand disposed



Mine water: treatment by plants

Mine drainage:
ÅPumpedinto a sequenceof 

ponds with plants (Typha) 
growing
ÅGrowingplant biomass

accumulatesmetalsand 
radionuclides
ÅWater parameterschecked

beforerelease of treatedwater
into streams
ÅPlant biomassincineratedand 

disposedas rad waste



Watercoursesdecontamination

Nearuranium milling facilities
and tailings:
Å In the pastthe processwater 

wasreleaseddirectly into
streams,
ÅBottomsedimentsand soils

accumulatedradionuclides
and chemicals
ÅStreamswerecleaned

(sedimentand biomass
removal), re-shaped, bedand 
banksstabilizedwith
limestone.



Radioactivityin the food chain

Sample Origin

Absorbed radiation dose from 
ingestion  (mSv/year)

Age group: 2-7 
years

Age group: > 17 
years

Soup CunhaBaixa 1.7 0.7

Soup Restaurant 0.09 0.04

.Effective radiation dose extrapolated to annual basis (mSv/year) for members of the public 

computed on the basis of the comparison meal made with non-local products (restaurant).



Alternative water supply
In a valleynearCunha Baixamine:

Å Uranium mine wason hillsΩ slope
abovevillage and agriculture valley

Å Aquiferwascontamintedby acid
from in situ leachingin the mine

Å In the valley, water from wells
becameacide and contaminated
with radionuclides(226Ra)

Å Wells weresealed.
Å Surface water reservoirbuilt on 

top of the hills to provideclean 
water for irrigation in the valley.



Water courses cleaning

Milling tailings with the 
cover in place, at 
Urgeiriça. In the first 
plane, the stream Ribeira
da Pantanhaafter clean up 
and reconstruction of the 
stream bed.

Contamination of 
Ribeirada Pantanha
water before
remediation.



3.Dose to the most exposed person by 
the Tejoestuary:

A) radionuclides from nuclear medicine discharges; 
B) radionuclides from a nuclear vessel discharge



A)Radionuclides from nuclear 
medicine discharges 

Monitoring of the 
food chain: fish, 
shrimp, molluscsand 
its consumption by 
the inhabitants



Dose to the representative person by the Tejoestuary 
(radionuclides from nuclear medicine)

ÅMonitoring food chain

ÅLowdose

ÅButdischargesnot acceptable. Pressureon
sourcecontrol andreduceddischarges



B) Radionuclides from a nuclear 
vessel discharge

Specific monitoringplanduringvisitsof nuclear 
poweredvessels

ÅFissionproducts, water, sediments, and
musselsas bioindicators

ÅCesium137 dischargefrom a nuclear 
submarinein distressat the mouth of estuary
(cesium137 levelswereenhanced



B) Radionuclides from a nuclear 
vessel discharge

ÅRegular visitsof nuclear poweredvesselsto Lisbon harbour

ÅPossiblescenarioof a nuclear accident/ incidentwith releaseof 
radioactivityinto the environment

ÅA specific monitoringplanis implementedduringvisitsof 
nuclear poweredvesselsfocusingfissionproducts

Thenuclear poweredaircraft carrierUSS 
Enterprisein the Tagus Estuary, 2002



Radiologicalsurveillanceprogramme

ÅContinuousmonitoringof the atmosphere
ïgammaradiation(dose rate)

ïparticleborne radioactivity(aerossols)

ï radioactiveiodine

ÅMonitoring of radioactivityin the water, 
sedimentandaquaticbio-indicators(mussels) 
duringthe entire stay

ÅAutomaticrecord of radiologicaldata andlocal 
weatherdata up anddownwind



Visit of a nuclear submarine

Å TheHMS Trenchant
enteredthe Lisbon 
harbour, 9th October
1998 andreporteda 
malfunctionin the
nuclear reactor.

Å Similar case with the 
submarine HMS 
Tireless, in Gibraltar



Riskof a nuclear accident

Å If the accident could not be effectively 
contained there would be a significant 
radiation risk to the general public

Å In a worst case scenario, riskassessment
indicatedthat doses couldbeof 5 mSvin a 
radiusof 2 km

Å Potentialradioactivecontaminationin a 
radiousof 30 km.

Å The HMS Trenchant sailed to base (Davenport 
dockyards) for repair



Surveyof the Tagus estuary

ÅCollaborationbetweenthe Portuguese Navy
andITN/DPRSN

Å Implementationof detailedradioactivity
surveyof the Lisbon areaandestuarine
ecosystem

ÅAimingat identifyingandmappingany
radioactivecontamination


