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Childhood Childhood leukemiasleukemias
near nuclear facilitiesnear nuclear facilities

in 1980s and 1990s, large increases found near in 1980s and 1990s, large increases found near 
Windscale, Dounreay, BurghfieldWindscale, Dounreay, Burghfield
NRPB said NRPB said -- not due to radiation as doses were not due to radiation as doses were 
300 x too low300 x too low
debate fizzled out: few had the expertise to debate fizzled out: few had the expertise to 
challenge NRPB/COMAREchallenge NRPB/COMARE
Major legal case Reay v BNFL lostMajor legal case Reay v BNFL lost



Recent KiKK study in Germany Recent KiKK study in Germany 
has reignited the debatehas reignited the debate

-- ongoing debate in Germanyongoing debate in Germany

-- almost unknown here almost unknown here 



German KiKK Study German KiKK Study 

increased cancer incidences near all (16) increased cancer incidences near all (16) 
German nuclear reactorsGerman nuclear reactors
commissioned by German Governmentcommissioned by German Government
2.2 x increase in child 2.2 x increase in child leukemiasleukemias
1.6 x increase in embryonic tumours1.6 x increase in embryonic tumours
strongly linked to living near reactorsstrongly linked to living near reactors
accepted by German Governmentaccepted by German Government





the closer to reactor the closer to reactor –– the greater the greater 
the child leukemia riskthe child leukemia risk

Kaatsch et al., Int J Cancer, 2008



As a result of KiKK Report As a result of KiKK Report 

No new NPPs proposed in GermanyNo new NPPs proposed in Germany
Instead RWE and E.ON are proposing Instead RWE and E.ON are proposing 
to build them in UKto build them in UK



KiKK: Possible Causes KiKK: Possible Causes 

coincidencecoincidence XX
populationpopulation--mixingmixing ((ieie a virus)a virus) XX
chemicals chemicals XX
radiation ?radiation ?
but KiKK study but KiKK study saidsaid estimated radiation estimated radiation 
doses/risks were too lowdoses/risks were too low



Large uncertainties in estimated Large uncertainties in estimated 
doses/risks near reactorsdoses/risks near reactors

Environmental models Environmental models (behaviour of nuclides in (behaviour of nuclides in 
environment)environment)

BiokineticBiokinetic models models (uptake and retention of nuclides in (uptake and retention of nuclides in 
humans)humans)

DosimetricDosimetric models models (convert (convert BqBq to to mGymGy: mSv): mSv)

Weighting factors Weighting factors (tissue W(tissue WTT and radiation Wand radiation WRR))

in in uteroutero exposures?exposures?

ieie OFFICIAL DOSES/RISKS HAVE MANY OFFICIAL DOSES/RISKS HAVE MANY 
UNCERTAINTIES  (CERRIE Report UNCERTAINTIES  (CERRIE Report www.cerrie.orgwww.cerrie.org))



Uncertainty DistributionsUncertainty Distributions
in Dose Estimatesin Dose Estimates



Uncertainties in Dose CoefficientsUncertainties in Dose Coefficients
Goossens LHJ, Harper FT, Harrison JD, Goossens LHJ, Harper FT, Harrison JD, HoraHora SC, SC, KraanKraan BCP, Cooke RM (1998) Probabilistic Accident Consequence UncertaBCP, Cooke RM (1998) Probabilistic Accident Consequence Uncertainty Analysis: inty Analysis: 

Uncertainty Assessment for Internal Dosimetry: Main Report. PrepUncertainty Assessment for Internal Dosimetry: Main Report. Prepared for U.S. Nuclear Regulatory Commission, Washington, DC 2055ared for U.S. Nuclear Regulatory Commission, Washington, DC 205555--0001, 0001, 
USA. And for Commission of the European Communities, DG XII and USA. And for Commission of the European Communities, DG XII and XI, BXI, B--I049 Brussels Belgium. NUREG/CRI049 Brussels Belgium. NUREG/CR--6571 EUR 16773.6571 EUR 16773.

NuclideNuclide IntakeIntake OrganOrgan U Range U Range = (ratio = (ratio 

of 95of 95thth/5/5thth percentiles)percentiles)

CsCs--137137 ingestioningestion red bone marrowred bone marrow 44
II--131 131 inhalationinhalation thyroidthyroid 99
SrSr--90 90 ingestioningestion red bone marrowred bone marrow 240240
PuPu--239239 ingestioningestion red bone marrowred bone marrow 1,3001,300
SrSr--9090 inhalationinhalation lungs lungs 5,3005,300
CeCe--144 144 inhalationinhalation red bone marrowred bone marrow 8,5008,500
PuPu--239239 ingestioningestion bone surfacebone surface 20,00020,000



Possible biologicalPossible biological mechanism to mechanism to 
explain KiKK findingsexplain KiKK findings

spikes in reactor releasesspikes in reactor releases

high concentrations in embryos/high concentrations in embryos/fetusesfetuses

babies born prebabies born pre--leukemic, 1leukemic, 1--2 years 2 years 
later develop full leukemialater develop full leukemia

+ babies born with embryonic tumours+ babies born with embryonic tumours



Leukemogenesis in Children
(after Roessig)

Preleukemic cloneBone marrow
Stem cell Leukemic cell

2nd radiation hit1st radiation hit

In Utero Birth Post-Natal



4 Stages4 Stages

1st Stage 1st Stage –– Emissions from NPPsEmissions from NPPs

2nd Stage 2nd Stage –– Environmental transportEnvironmental transport

3rd Stage 3rd Stage –– Human dosesHuman doses

4th Stage 4th Stage –– Resulting cancer risksResulting cancer risks



11stst Stage Stage –– Environmental EmissionsEnvironmental Emissions

whenwhen reactors opened reactors opened ––a a 
pulsepulse of radioactive gasesof radioactive gases
raised concentrations in biota raised concentrations in biota 
downwinddownwind





Tritium doses from Tritium doses from ingestioningestion
(EU RODOS Model) in mSv(EU RODOS Model) in mSv

8th Meeting of the IAEA (EMRAS) Tritium & C8th Meeting of the IAEA (EMRAS) Tritium & C--14 Working Group14 Working Group
May 30 May 30 -- June 1, 2007 June 1, 2007 -- Bucharest, Romania (http://Bucharest, Romania (http://www.nipne.ro/emraswww.nipne.ro/emras/)/)



Estimated tritium levels in cowEstimated tritium levels in cow’’s milks milk
(EU RODOS Model) (EU RODOS Model) OBTOBT BqBq/kg/kg

8th Meeting of the IAEA (EMRAS) Tritium & C8th Meeting of the IAEA (EMRAS) Tritium & C--14 Working Group14 Working Group
May 30 May 30 -- June 1, 2007 June 1, 2007 -- Bucharest, Romania (http://Bucharest, Romania (http://www.nipne.ro/emraswww.nipne.ro/emras/)/)



Tritium in airTritium in air



Tritium in Food MoistureTritium in Food Moisture



22ndnd Stage Stage –– into Humansinto Humans

1.1. breathingbreathing
2.2. skin absorptionskin absorption
3.3. eating contaminated foodeating contaminated food
4.4. drinking contaminated waterdrinking contaminated water
5.5. is incorporated in embryos is incorporated in embryos 

//fetusesfetuses (including bone marrows)(including bone marrows)



Tritium absorbed by adults Tritium absorbed by adults 
near Canadian nuclear stationnear Canadian nuclear station

SourceSource Bq/yearBq/year
Water in food Water in food 850,000850,000
Air InhalationAir Inhalation 84,00084,000
Water in drinksWater in drinks 55,00055,000
Skin absorptionSkin absorption 33,00033,000
OBT in foodOBT in food ~53,000 ~53,000 
TOTALTOTAL ~1,000,000 Bq/year~1,000,000 Bq/year



33rdrd Stage Stage ––Doses?Doses?

•• Data from Oxford Study on Childhood Data from Oxford Study on Childhood 
Cancer (by Alice Stewart) suggests Cancer (by Alice Stewart) suggests fetalfetal
doses at KiKK were ~ doses at KiKK were ~ a few a few mGymGy

•• suggests most child suggests most child leukemiasleukemias due to due to 
background radiation?background radiation?



44thth Stage Stage –– Cancer Risks?Cancer Risks?

Official (ICRP) risks are to the whole body, to a Official (ICRP) risks are to the whole body, to a 
general population, averaged over all agesgeneral population, averaged over all ages

•• Irrelevant  for embryos/Irrelevant  for embryos/fetusesfetuses
•• Irrelevant for bone marrowIrrelevant for bone marrow

Official adult leukemia risks are ~100 times too low for 
infants, based on OSCC data



““We conclude that there is We conclude that there is 
strong evidence that low dose strong evidence that low dose 
irradiation of the irradiation of the fetusfetus in in 
uteroutero, particularly in the last , particularly in the last 
trimester, causes an increased trimester, causes an increased 
risk of cancer in childhood.risk of cancer in childhood.””

Doll R and Doll R and WakefordWakeford R (1997) Risk of childhood cancer R (1997) Risk of childhood cancer 
from from fetalfetal irradiation. Br J Radiol; 70: 130irradiation. Br J Radiol; 70: 130--99



Increased child Increased child leukemiasleukemias near UK near UK 
nuclear power stations?nuclear power stations?

yes, yes, GovGov’’tt study found a 23% increasestudy found a 23% increase
but study said data not statistically significant, but study said data not statistically significant, 
therefore therefore ““no suggestionno suggestion”” of cancerof cancer
bad science bad science -- low statistical significance should low statistical significance should 
not be interpreted as measuring the probability not be interpreted as measuring the probability 
of effectof effect
should be guided by the larger German KiKK should be guided by the larger German KiKK 
study (data were statistically significant)study (data were statistically significant)



Main Radioactive Releases to airMain Radioactive Releases to air
from UK Nuclear Facilitiesfrom UK Nuclear Facilities

noble gases (mainly Krnoble gases (mainly Kr--85)85)
tritium (as water vapour) tritium (as water vapour) 
carboncarbon--1414
iodineiodine--129129



Which Nuclides are Hazardous? Which Nuclides are Hazardous? 
(after Gerald Kirchner) (after Gerald Kirchner) 

Tritium =Tritium = √√ CarbonCarbon--14 = 14 = √√

1.1. large releases large releases √√ √√
2.2. rapid transport and cycling in biosphere rapid transport and cycling in biosphere √√√√
3.3. high solubility high solubility √√
4.4. many environmental pathways to humans many environmental pathways to humans √√√√
5.5. rapid molecular exchange (rapid molecular exchange (ieie v fast intakes) v fast intakes) √√
6.6. high uptake to blood after intake high uptake to blood after intake √√
7.7. organic binding organic binding ieie long residence in humans long residence in humans √√√√
8.8. long radiological halflong radiological half--life life √√√√
9.9. global distribution global distribution √√√√



Precautionary PrinciplePrecautionary Principle

if good evidence of toxic effects, if good evidence of toxic effects, -- then then 
take precautionary stepstake precautionary steps
uncertainty (uncertainty (egeg re mechanisms) should re mechanisms) should 
not be used as excuse for inactionnot be used as excuse for inaction



RecommendationsRecommendations

1.1. Use the Precautionary Principle Use the Precautionary Principle 
2.2. Further studies (EU wide)Further studies (EU wide)
3.3. Advise local people of KiKK studyAdvise local people of KiKK study
4.4. Rethink plans to build new reactorsRethink plans to build new reactors



Thanks toThanks to

Dr Alfred Dr Alfred KKöörbleinrblein
Dr Philip DayDr Philip Day
Dr Keith Dr Keith BaverstockBaverstock


