
John D. Boice, Jr.
National Council on Radiation Protection and Measurements

Vanderbilt University School of Medicine
john.boice@vanderbilt.edu

Monday, May 9, 2016

Sievert Lecture
IRPA 14 – 50 Years of Practicing Radiation Protection 
Cape Town, South Africa

How to Protect the Public When You 
Can’t Measure the Risk ― The Role of 

Radiation Epidemiology



“And it was so typically brilliant of you to 
have invited a radiation epidemiologist.”

The New Yorker, Nov 26, 2001, Wm 

Hamilton



But please don’t bother if not so brilliant !

Thanks Steve Simon
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Rolf Maximilian Sievert Lecturers
(1973 - 2016)

� Bo Lindell, Sweden (1973)

� William Mayneord, UK (1977)

� Laurie Taylor, USA (1980)

� Bill Pochin, UK (1984)

� Wolfgang Jacobi, Germany (1988)

� Giovanni Silini, Italy (1992)

� Dan Beninson, Argentina (1996)

� Itsuzo Shigematsu, Japan (2000)

� Abel González, Argentina (2004)

� Christian Streffer, Germany (2008)

� Richard Osborne, Canada (2012)

� John Boice, USA (2016)
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Bo Lindell, Sweden:
1st Sievert Lecture (1973)

Giants I have known!
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Laurie Taylor, USA:
3rd Sievert Lecture (1980)

Age 3 y

Giants I have known!
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Bill Pochin, UK:
4th Sievert Lecture (1984)

Giants I have known!
Thanks Fred Mettler
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Dan Beninson, Argentina:
7th Sievert Lecture (1996)

Giants I have known!
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Itsuzo Shigematsu, Japan:
8th Sievert Lecture (2000)

Giants I have known!



10

Abel (González), Argentina:
9th Sievert Lecture (2004)

Giants I have known!
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Christian Streffer, Germany:
10th Sievert Lecture (2008)

Giants I have known!
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“If I have seen farther than others, it is because 
I was standing on the shoulders of giants”

Isaac Newton 1642 – 1727

… really Bernard of Chartres 1159

Thanks Fred Mettler
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The alternative …

“If I have not seen as far as others, it is because 
giants were standing on my shoulders”

Harold Abelson

Thanks Fred Mettler



Radiation Epidemiology
Heritable Effects and Protection
From Science to Protection
Radium 
Occupation
Leukemia – past to present
Breast and Thyroid Cancer
Radon 
A Million Person Study
What’s Next?

Protection & Radiation Epidemiology



Epidemiology is the Study of the Distribution 
and Causes of Disease in Humans



Epidemiologic Studies of 
Exposed Human Populations

JAPANESE ATOMIC BOMB SURVIVORS

RADIOTHERAPY - CANCER
Cervical

Endometrial

Childhood

Breast

Hodgkin Lymphoma

DIAGNOSTIC
TB - Fluoroscopy Scoliosis

Pelvimetry General

RADIONUCLIDES
Thorotrast P - 32

I - 131 Ra - 224

Uranium Plutonium

RADIOTHERAPY - NON-MALIGNANT
Spondylitis Mastitis

Thymus Infertility

Tonsils Otitis Media

Menstrual Disorders Ulcer

Scalp Ringworm Hemangioma

OCCUPATION ENVIRONMENT
Ra Dial Painters Chernobyl

Miners (Radon) Weapons Fallout

Radiologists Natl Background

Technologists Techa River

Nuclear Workers

Atomic Veterans



Radiation Reports and Recommendations

International 
ICRP 2007

International 
ICRP 2007

United Nations
UNSCEAR 2008
United Nations
UNSCEAR 2008

NAS – BEIR 2006NAS – BEIR 2006

IARC-WHOIARC-WHO

National 
NCRP

National 
NCRP
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�Radiation epidemiology is now so sophisticated that 
human studies are the basis for radiation protection 
standards and for compensation schemes in response to 
claims of ill health from prior exposures

�Consensus judgment is needed to translate the 
epidemiology into recommendations and then into 
standards/regulations, especially when risks are cannot 
be detected

The Role of Radiation Epidemiology



Radiation Epidemiology
Heritable Effects and Protection
From Science to Protection
Radium 
Occupation
Leukemia – past to present
Breast and Thyroid Cancer
Radon 
A Million Person Study
What’s Next?

Protection & Radiation Epidemiology

Bill Mayneord, UK,

2nd Sievert 1977



Step 1 – The Science:
BEIR VII and UNSCEAR

NAS BEIR VII (2005) UNSCEAR 2000 REPORT, VOL. 2

Thanks Mike Boyd



Step 2:
ICRP and NCRP Recommendations

ICRP PUBLICATION 103 NCRP REPORT NO. 116

Thanks Mike Boyd

ICRP Publication 103 
The 2007 Recommendations 

of the ICRP
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Step 2½:
IAEA Basic Safety Standards (2011)

Thanks Mike Boyd
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Step 3:
U.S. Radiation Protection Regulations

• U.S. Nuclear Regulatory Commission

– 10 CFR Part 20

– 10 CFR 50 Appendix I

• U.S. Environmental Protection Agency

– 40 CFR Part 190 

– Other dose-based standards found in Clean Air Act regulations, 

Safe Drinking Water Act MCLs, and various waste management 

standards

Thanks Mike Boyd



24

The Science Behind LNT Hypothesis

ICRP Publication 99 (2004)
Low-Dose Extrapolation of 

Radiation-Related Cancer Risk

Arthur Upton 



The Judgment on LNT ― Plausible and Practical 
Although Risk Below 100 mSv Uncertain 

(67) … the adoption of the 

LNT model combined with a 

judged value of a dose and 

dose rate effectiveness factor 

(DDREF) provides a prudent 

basis for the practical 

purposes of radiological 

protection, i.e., the 

management of risks from 

low-dose radiation exposure 

(ICRP Publ 103, 2007)
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The Linear Nonthreshold (LNT) Hypothesis 

• May be true or not. “No conclusive evidence to reject the 
assumption” NCRP Report No. 136

• (66) … whilst the LNT model remains a scientifically plausible 
element in its practical system of radiological protection, 
biological/epidemiological information that would unambiguously 
verify the hypothesis that underpins the model is unlikely to be 
forthcoming. ICRP Publication 103

• Continually being re-assessed, e.g. NCRP SC 1-25, with angst !

Thanks Fred Mettler
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� Untoward pregnancy outcomes (major congenital 

malformations, and/or stillbirths and/or neonatal deaths)
� Sex of child

� Childhood cancer (F1 cancer)
� Death of offspring (F1 mortality)

� Growth and development
� Cytogenetic abnormalities

• chromosome number (sex-aneuploidy or Down)
• chromosome structure (translocations)

� Protein mutations
� DNA microarray-based comparative genomic hybridization

� Mortality after 62 years of follow-up (2015)

Neel, Teratology 59:216, 1999

Radiation Epidemiology Has Shifted the Focus from 
Genetic Effects in Future Generations to Somatic 
Effects on the Individuals Exposed

Schull, J Rad Prot 23:369,  2003 Grant et al Lancet Oncol 2015



Preconception Studies – Heritable Effects 
Children of Cancer Survivors

Will I be able to have children of my own?
Will my children be healthy?

Will they have birth defects or malignancies?



Scientific

Advisory

Committee

USA/CCSS Denmark

Expansion

St. Jude MDACC U OKLA
Danish

Cancer

Society

MDACC U OKLA

Finland Vanderbilt

Westlakes

Children of Cancer Survivors
Genetic Consequences of Cancer Treatment

NIH

Young Adults

20-34-yr

Boice et al, Health Phys 85:65, 2003



Genetic Disease in Children of Survivors & 
Sibling Controls (CCSS: self-reports, verification by medical records)

14,054 children with cancer

126 cGy mean dose ovaries, 46 cGy testes

Type of Genetic Disease
Survivors
(n = 6,129)

Controls
(n = 3,101)

Cytogenetic 7 (0.1%) 6 (0.1%)

Single gene disorder 14 (0.2%) 8 (0.3%)

Simple malformation 136 (2.2%) 97 (3.1%)

Total 157 (2.6%) 111 (3.6%)

Green et al, J Clin Oncol, 2009 No increase in birth defects



No radiation-induced 
genetic diseases have so 
far been demonstrated in 
humans ... estimates of 
risk have to be based on 
mouse experiments.
UNSCEAR 2001

Epidemiology Has Not Revealed Heritable 
Effects in Humans
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Preconception Radiation – When no Risk

� But heritable effects are seen in 
animal studies

� A small risk is assumed for  
radiation protection 

� ICRP 103 (A 124) The gonadal dose 

to the total detriment is reduced 

from 18% to 3–4%

Liane Russell Bill Russell
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Protection & Radiation Epidemiology

Wolgang Jacobi

Germany

5th Sievert 1988



After resting at Mrs. Meloney Brown's home Curie

left 'to have a few hours of pure pleasure inspecting 

the radium laboratories in the Memorial Hospital in 

New York City …

There is no case on record of any one being injured 

in health by radium ... Mme. Curie has been working 

with radium twenty year ... If it had any deleterious 

effects, they would have been noted long ago ... 

Mme. Curie is somewhat anaemic as nearly all 

persons of confined, studious pursuits are. About 

half of the people are more or less so.

NY Times, May 29, 1921

Marie Curie at 
Memorial NYC (1921)



Radium Dial Painters – Years Later

Am. J. Epidemiol. (2002) 155 (3): 290-291.



Bone Cancer in Radium Dial Painters
(UNSCEAR 2000)

Bone Cancer, not leukemia10 Gy suggested as a “practical threshold” for bone cancer

Huge intake to 

cause cancer



� Evans proposed the radium standard (1941) based 

on measurements of body burden and radium 

health effects 

� In 1944, the radium standard was used as a basis 

for setting the plutonium standard

� The Manhattan Project (WW II) in the USA would 

have suffered without the radium standard 

(Merrill Eisenbud, 1975)

� Epidemiology and Dosimetry led to Protection

Los Alamos Science Number 23 1995

Radium Studies Resulted in Standards that 
Protected Workers from Internal Radiation
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Giovanni Silini

Italy

Sievert 1992



tube
70,000 

voltstube
70,000 
volts

batteries
stopwatch

tube 70,000 

volts

Early Radiologists and Technicians 
1898 - Sudan



1.9

2.5
2.4

0.9

0.0

1.0

2.0

3.0

Leukemia Among Early
Radiologists / Technologists

Berrington, Br J Radiol 74:507, 2001 Wang, Int J Cancer 45:889, 1990
Seltzer, Am J Epidemiol 81:2, 1965 Mohan, Int J Cancer, 2003

Early radiation workers

Years 1897-1979 1915-1954 1926-1985 1926-1980
No. cases 9 17 34 158

Relative 
Risk

British USA China USA Tech

Normal Occurrence
0.93



Braestrup, Am J Roentgenol 78:988, 1957

Radiation Exposure to Radiologists

1930:  1 Gy (100 rad) / y estimated.



March HC, Radiology, September, 1944

1940s Studies -- Fractionated Exposures May Cause Leukemia

Ulrich H, New England Journal of Medicine Jan 10, 1946



1958

Early Epidemiology 

An increased incidence of leukemia has been reported among …

(1) radiologists; 

(2) atomic bomb survivors of Hiroshima and Nagasaki; 

(3) patients with severe arthritis of the spine who were treated 

with X-rays for this condition; 

(4) children who had been treated with X-rays in to reduce the 

size of the thymus gland.

Only in the case of a linear dose-effect relation with no threshold 

value of the dose is it relevant to add the dose contributions from 

various sources. This can be done in the case of genetic injury and, 

according to one hypothesis, also in the case of a possible 

induction of leukemia.

1958



Radiation Epidemiology
Heritable Effects and Protection
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Protection & Radiation Epidemiology

Richard Osborne

Canada

11th Sievert 2012



Epidemiologic Studies are the Basis 
for Cancer Risk Estimates

“Radiation risk estimates are derived for incidence data for 

specific tumour sites when adequate dose response data are 

available from the Japanese Life Span Study (LSS), pooled 

analyses of multiple studies, or other sources.” ICRP Publ 103, 2007

Ozasa, Rad Res 177; 2012



Nonlinear dose response. Much 
higher risk coefficient than solid 
cancer. Excess occurs early. Hsu et al. 
Radiat Res 2013.

LSS Leukemia (other than CLL) 
Dose Response



Second study designed to evaluate leukemia dose response



Leukemia - Ankylosing Spondylitis, UK

Court Brown & Doll, UK, 1957
UNSCEAR, 1962 Smith & Doll, BMJ, 284:449, 1982

Weiss et al, Radiat Res 142:1, 1995

Smith PG. The 1957 MRC report on leukaemia and aplastic anaemia in patients irradiated for ankylosing spondylitis. J Radiol Prot. 2007



Sir Richard Doll on Ankylosing 
Spondylitis Study

Darby S 2003 A conversation with Sir Richard Doll Epidemiology 14 375–9

� “My favouite paper . . .

� … the second most important piece of work that I have done, 
after the effects of smoking, … it provided the first 
suggestive evidence of a linear relationship for the 
carcinogenic effect of ionising radiation down to quite small 
doses. 

� In many ways it was the best-designed study I have ever 
participated in and possibly my best work.” Jason Boice and Sir Richard

UNSCEAR



3rd Study of Leukemia
Radiotherapy for Cervical Cancer

Third study in 

1960s designed 

to quantify risk of 

leukemia

JNCI 40:951, 1968



Cervical Cancer and Leukemia Blood Studies 
and Clinical Follow-Up
30 Radiotherapy Centers in 9 Countries

Number 30,000 women

Dose 5 - 15 Gy (marrow)

Leukemia
Observed 13
Expected 15.5

Risk No excess

Boice & Hutchison, JNCI 65:115, 1980 Huge dose but no risk



International Cervical Cancer Study
Expansion – 16 Radiotherapy Centers and 17 

Cancer Registries in 14 Countries

200,000 women



Radiumjournal År 1918

Elis Berven (1885-1966) på Radiumhemmet

Rolf Sievert’s 

Hospital



Bone Marrow Dosimetry Downturn 
at High Doses

Boice et al, JNCI 79, 1987

Average excess RR per gray for leukemia = 0.14

Blettner and Boice, Stat Med 10, 1991
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Cancer Treatments

� High dose to small volumes may kill rather than transform 
most cells – No epidemic of leukemia

� Short latency for leukemia to develop

� Opportunity for low-dose studies – scatter radiation

� New technologies (IMRT, Intensity-Modulated Radiation 
Therapy) may result in increased dose to all normal tissue



Lifetime dose

(mSv)

Frequency Percent

< 10 * 30,764 20.7

10 – 49 * 77,383 52.0

50 – 99 21,578 14.5

100 - 499 18,846 12.7

500 - 999 322 0.2

> 1,000 22 <0.1

Total 148,915

*Sampled < 50 mSv

Million Person Study -- Nuclear Power 
Plant Workers - Dose Distribution



-50

0

50

100

150

200

250

0 100 200 300 400 500

E
A

R

Dose (mSv)

Leukemia (other than CLL) EAR Dose Response 
Nuclear Power Plant Workers (preliminary)

linear quadratic fit

linear fit

Excess Absolute Risk

Dose (mGy)

ERR of 0.25 (90% CI 0.0, 0.5) 

at 100 mGY, 333 cases

vs 0.41 (90% CI 0.3, 0.6)

atomic bomb survivors, 98 

male cases, mortality 

(UNSCEAR 2008) 



59

Million Person Study

� Guidance on DRREF, specifically DREF

� Precise estimates for all cancer sites

� Precise estimates of risks among women and men

� Both external and internal exposures assessed
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Lung collapse therapy for 

tuberculosis and associated 

multiple chest fluoroscopic x-rays 

(1930 - 1954)

Studies of Low-Dose Exposures
Accumulating to High Dose



Boice et al, Radiat Res 126:214, 1991
Boice & Monson, J Natl Cancer Inst 59:823 1977

Breast Cancer
TB - Fluoroscopy, Massachusetts

Exposed Nonexposed

No. of women 2,573 2,367

No. chest fluoroscopies, ave 88 --

Dose (ave) [Dale Trout] 790 mGy --

Breast cancers

Observed (O)

Expected (E)

O/E

147

114

1.29

87

101

0.86

29% Excess

ERR/Gy ~ 0.4



Tuberculosis

(Massachusetts)
ATOMIC BOMB

(JAPAN)
THYMUS

(ROCHESTER)
Benign Breast

(Sweden)
Hemangioma

(Sweden)

Radiation Effects on Breast Cancer Risk: 
A Pooled Analysis of Eight Cohorts

Preston et al. Rad Res 2002

Mastitis

(New York)



Dose Response – Pooled
Analysis of Breast Cancer Studies

Breast 
Cancer

Boice, Radiology 131:589, 1979

Consistent with 

linearity



Age at Exposure Radiation-Induced 
Breast Cancer Studies

Preston et al. Rad Res 2002UNSCEAR, p. 155, 1994



Lung Cancer - Canada
TB – Fluoroscopy vs Atomic Bomb



Summary
TB Fluoroscopy

� Tissues respond differently to the effects of 
fractionated doses ~DDREF >9 for lung, DDREF ~ 1 
for breast

� Age at exposure modifies effect – relevance for 
mammography

� Be cautious when generalizing – one size doesn’t fit 
all – all models are wrong, some are useful

� US and Canadian studies re-activated – Stay tuned!



2012

http://NCRPonline.org

Scatter doses 
can also be 
studied



Radiotherapy for Breast Cancer

2 Gy (ave)



Radiotherapy for Breast Cancer All Breast Cancers 
in Connecticut (1935-82) – Second Breast Cancer

All Subjects* 1.19 0.9-1.5

Time After Exposure (Yr)

5-9 0.99 0.7-1.4

>10 1.33 1.0-1.8

Age at Exposure (Yr)

<35 2.26 0.9-5.7

35 - 1.46 0.9-2.3

>45 1.01 0.8-1.4

Boice et al, NEJM 326:781, 1992

RR 95% CI

*655 Cases, 1,189 Controls

Risk after 10 years among young.  

Example of age modification. 



Rembrandt: “Anatomy Lesson” of 
Dr. Tulp (1632)

Courtesy of Dr Lois Travis, Roswell Park Medical Center



If Rembrandt were alive Today
The Genomics “Anatomy Lesson”

Slide template courtesy of Dr. William Gerald Courtesy of Dr Lois Travis, Roswell Park Medical Center

Methods have 

focused on candidate 

genes, SNPs, GWAS, 

and pathways across 

the genome.



Couch, F Mayo Clinic

Genetic Epidemiology of Breast Cancer 

Thanks Jonine Bernstein
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Unanswered Question Genetic 
Susceptibility? Second Breast Cancer

WECARE, 2nd breast (n = 800) to study

Interaction Between Radiation and Genes

Stovall, IJROBP, 2008

Bernstein, Breast Ca Res, 2004

Exposure RR 95% CI

BRCA1 mutation 4.5 2.8-7.1

BRCA2 mutation 3.4 2.0-5.8

1 Gy (<40 y) 1.6 1.1-2.5

1 Gy (>45 y) 1.0 0.9-1.3

Dose estimated to the location of the 

2nd breast cancer



Thanks Jonine Bernstein

Whether Risk of Breast Cancer Among Carriers Following 
Low-Dose Radiation Exposure is Higher than Noncarriers
Remains Unknown
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No Evidence that Risk of CBC Among BRCA1/2
Carriers is Modified by Radiation Exposure

Adjusted for exact age, are adjusted for age at menarche, number of full term pregnancies, age at menopause, 
family history, treatment (chemo, hormone), histology, and stage.

Bernstein et al. Eur J Cancer, 2013
Thanks Jonine Bernstein
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� Long latency (time) for second cancers to occur

� Age at exposure can have a profound effect – little risk 

for exposures over 40 y

� Genetic susceptibility at low doses is uncertain

� However, GWAS analyses (WECARE 2) found  

evidence of a radiation-sensitive sub-population of 

women with breast cancer (eg <40 y, 5+ latency) and 

combined 57 SNPs.

� Effecting only a small number of women in WECARE 

and needs to be replicated. Stay tuned.

Breast Cancer Treatment
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Dose (Gy)
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Age at exposure: <15

Age at exposure: >=15

Pooled Analysis

ERR= 7.7; EAR = 4.4

Thyroid Cancer & External Radiation Risk 
Dose Response by Age at Exposure

Ron et al, 1995

2009



New Study - Thyroid Cancer (May 2016)



Radioactive Iodines in the Environment 
Resulted in Epidemic of Thyroid Cancer in 
Children Who Drank Contaminated Milk

Belarus: 10,000 Bq/L milk vs 300 Bq/L limit



Ukrainian – American Chernobyl 
Thyroid Study

A. Brenner et al EHP 2011

Mean dose 650 mGy
Chernobyl Study 

Fukushima Dose Level 
(median ~ 4 mGy) 





Scandinavia – Epidemiologic Gold Mines

Kaiser J. Swedish bioscience. Working Sweden's population gold mine. Science. 2001 

• Evaluate radiotherapy and chemotherapy records

• Collect family bloods (trio bloods) for molecular studies

.



Thyroid Cancer
Swedish Diagnostic I-131 (Scans)

Number Exposed: 24,010

Years of Scans 1952-69

Thyroid Dose: 0.94 Gy (94 rad)

Observed Thyroid Cancer: 36

Expected: 39.5

RR (95% CI) 0.9 (0.6 - 1.3)

Dickman et al, Int J Cancer, 106:580, 2003 Hall et al, Radiat Res, 145:86, 1996
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� Very high risk among children < 15 y

� Very low risk among adults > 20 y

� Stockpiling KI around nuclear power plants or 

administering KI after a major nuclear incident should 

concentrate mainly (only?) on the children

Thyroid Cancer Studies
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Jay Lubin

USA

National Cancer Institute



Pooled Analysis of
Underground Miner Studies



Lubin et al, 1993

11 Underground Miner Studies
68,000 Miners – 2,700 Lung Cancers

37 Bq/m3 = 1 pCi/l ~ 0.2 WLM / yr.



1986 Home in Pennsylvania ~ 100,000 Bq/m3



Washington Post, February 6, 1986

New Meaning to “The Nuclear Family”



Radon Studies in Homes
(Case-Control)

Nordic Countries
√ Sweden

Finland

China
√ Shenyang
√ Gansu

Pooled
√ Lubin (1997, 1999)

North America (Krewski, 2005) 
Europe (Darby, 2005)

√ China (Lubin, 2004)
World (Darby, in progress)

United States
√ New Jersey
√ Missouri

Iowa
Connecticut
Utah/Idaho

Canada
Winnipeg

Europe
Southwest England
Western Germany
Czech ( cohort )

BEIR VI, 1999; Field, Rev Envir Health 16, 2001

Shenyang



Indoor Radon Meta-Analysis
4,263 Lung Cancers

Lubin & Boice, JNCI, 89:49, 1997 4 pCi/l = 150 Bq/m3

Difficult to detect 

low-dose risks, yet 
significant trend 

when studies 
combined!
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Radon Interacts with Smoking
to Enhance Risk

NRC, BEIR, 1999

Smoking <10 cig/day equivalent to being

high dose A-bomb survivor

Boice, Radiat Res, 146:356, 1996



> 40,000 Bq/m3 in

Slide from Dave Allard, Pennsylvania

4,000s to 40,000s of Bq/m3

100,000 Bq/m3 and in 

140,000 Bq/m3 !!!

2015

> 40,000 Bq/m3 in 
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Radon and Epidemiology

� The epidemiology is consistent

� Linearity fits all the data

� Indoor risk low but case-control studies 
consistent with miner study predictions

� Interaction with smoking nearly multiplicative

� Best way to lower radon risk -- stop smoking

� Science from the National Acadamies BEIR VI 
1999, UNSCEAR Annex E, 2006

� Guidance from ICRP Publ 115 2010, the US 
Environmental Protection Agency

ICRP Publ 115 (2010)
Lung Cancer Risk from 
Radon and its Progeny
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Studying One Million Persons Exposed to Radiation 
Why?

Much is know about radiation effects when 
exposure is received all at once (briefly), but 
the gap in understanding is when radiation is 
received over years (prolonged). 

Medicine

Accidents or

Terrorism Occupation

Environment,

Fracking



� Manhattan Project 360,000

� Atomic Veterans 115,000

� Nuclear Utility Workers 150,000

� Industrial Radiographers 130,000

� Medical & other >250,000

OAK (HARDTACK I), Enewetak,
8.9 MT, 28 Jun 1958

Population:
One Million Persons Exposed to Radiation 

Robert Oppenheimer, General Leslie 
Groves, Enrico Fermi, Hans Bethe, 
Theodore Hall

Health Physics News October 2012
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The Pope 
visits 

Philadelphia 

2015

1 Million 

People

AP Photo



SC 6-9: U.S. Radiation Workers and
Nuclear Weapons Test Participants

Radiation Dose Assessment 

A Bouville
Chairman

R Toohey
Co-Chairman

H Beck T Brock L Dauer

D Schauer S Sherbini D Miller D Stram J Till C Yoder C ZeitlinJ Thompson

K Eckerman D Hagemeyer R Leggett B Napier K Pryor M Rosenstein S Balter

Bouville et al. Dosimetry for the Million Worker Study Health Physics Feb 2015

Dosimetry is Key to 
Good Epidemiology

5 Committee 
Members here at 
IRPA



Dosimetry & Radiation Protection Issues    

Thanks to  Mike Joiner 103



JUST   KIDDING !

Dosimetry & Radiation Protection Issues    
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External Dose

(mSv)

Million Person Study

Total to Date

Atomic Bomb 

Survivor Study 
(Ozasa 2012)

< 5 mSv 6,507,275 * 38,509

5 - 963,652 * 29,961

100 - 53,211 5,974

200 - 24,456 6,356

500 - 4,120 3,424

1000 - 1,007 1,763

> 2000 mSv 211 624

TOTAL 7,553,932 ** 86,611

>100 mSv 83,005 18,141

Comparison with Atomic Bomb Survivor Study

**4x more high dose subjects* Sampled for study



Million Person Study – NASA bases its 
regulations on epidemiology - relevance to 
space protection.

� Going to Mars – Precise Risk Estimates Matter

� Going to Mars – Sex Matters

� Going to Mars – Dementia?

� Cardiovascular disease

Epidemiology, Protection and Mars



• A US astronaut is not permitted to receive a cumulative dose in space that would 
exceed a predicted lifetime excess risk of cancer death of 3%, but specifically 

the 95% upper confidence level about the 3% estimate

• A narrowing of the confidence limits would allow more time in space simply 
because one component of the uncertainty would be reduced.

Value of Precision from Epidemiology is 
more time in Space



Million Person Study – relevance to space 
protection.  NASA bases its regulations on 
epidemiology

� Going to Mars – Precise Risk Estimates Matter

� Going to Mars – Sex Matters

� Going to Mars – Dementia?

� Cardiovascular disease

Epidemiology, Protection and Mars



Differences Between Sexes in Risks of Cancer

Kristina Rex interviews Jessica Meir last month

Cancer Type – Atomic Bomb 

Survivors

Female to Male Ratio of ERRs

All solid cancers 2.1

Esophagus 4.3

Stomach 3.7

Colon 1.4

Liver 1.6

Gallbladder 0.4

Lung 2.7

Bladder 1.7

Sex Specific ERR Gy–1 ERR Gy–1

Female breast 1.5

Female ovary 0.8

Male prostate ~0.0

Male testes ~0.0fr
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DOE workers 83,000

NPP workers 5,000

Industrial radiographers 13,000

Medical workers 140,000

Total 241,000

Number of adult Japanese female atomic 

bomb survivors in 1945 ~30,000

Women in the Million Person Study



Million Person Study – relevance to space 
protection.  NASA bases its regulations on 
epidemiology

� Going to Mars – Precise Risk Estimates Matter

� Going to Mars – Sex Matters

� Going to Mars – Dementia –

should it be added to detriment?

� Cardiovascular disease

Epidemiology, Protection and Mars



February 2016



Mound, Dayton, Ohio 
Polonium-210 (7,291 Workers)
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Dose (mGy) N Workers N Deaths RR 95% CI

<5 2,662 69 1.0 Ref

5 – <50 1,262 47 1.19 0.81 – 1.75

50 – <100 328 9 0.97 0.48 – 1.96

100+ 324 10 1.39 0.71 – 2.74

p for trend (two sided) 0.06

RR at 100 mGy (95 % CI) 1.23 (0.99 – 1.54)

Brain Dose for Dementia, Alzheimer's, Parkinson's and Motor 
Neuron Disease (e.g., ALS) among Mound Polonium Workers

Dose is to the brain and includes a high-LET alpha particle component from Po-210.

Outcome: Combined (Dementia, Alzheimer's, Parkinson's, 

Motor Neuron Disease)

Dose (mGy)

Alpha Particle Dose to the Brain also associated with 
Plutonium, Americium, and Radium



Million Person Study – relevance to space 
protection.  NASA bases its regulations on 
epidemiology

� Going to Mars – Precise Risk Estimates Matter

� Going to Mars – Sex Matters

� Going to Mars – Dementia?

� Cardiovascular disease

Epidemiology, Protection and Mars



Trinity - Alamogordo, NM, 16 July 1945 –
Atomic Veterans

� Note the film badges
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Toward Estimating Risks in the low mGy Range:

David Brenner - NCRP April 2016

• Epidemiologic evaluation of cancer risks in 

the 10 mGy region would be valuable

• Even if risks can’t be detected, generating 

upper–limits of risk extremely valuable.



Ischemic Heart Disease Among Atomic 
Veterans1 Preliminary

Dose (mGy)

0 0 – 5 – 10 – 20 + Total

IHD cases 9,072 2,672 2,390 1,561 1,101 16,786

Full cohort 59,676 18,472 16,781 11,148 7,923 114,270

Relative risk 1.0 2 0.97 0.97 0.99 0.94

95% confidence

interval
0.93 – 1.01 0.93 – 1.02 0.93 – 1.04 0.88 – 1.01

1 Adjusted for test site, rank (enlisted/officer), year of birth, and year of first participation at a weapons test and sampling fraction. Use 

a 10 y dose lag.
2 Referent category.



Combined Heart Analyses (Mound + Rocketdyne)

Study Heart Disease

Mound 4,979

Rocketdyne 9,135

Mallinckrodt 648

Atomic Vets 22,512

Industrial Rad. 5,937

Nuclear Power 8,111

Total 51,322

51K cases of heart disease in these few 

studies compared with 14K among atomic-

bomb survivors (Shimizu BMJ 2009)

mGy

Zhang J, Stram DO, Cohen SS, Pawel D, Sesso H, Boice J. Radiation Research Society 
Annual Meeting September 2014

Dose (mGy)



Epidemiologists Will Go to Any DEPTH in the Public 
Interest - 85,033  Nuclear Submariners

At 600 feet

USS

Montpelier



Radiation Epidemiology
Heritable Effects and Protection
From Science to Protection – The Process
Radium to Protection 
Occupation to Protection
Leukemia – past to present
Breast and Thyroid Cancer – Straight lines
Radon from Mines to Homes
A Million Person Study
What’s Next?

Protection & Radiation Epidemiology



SC 1-21: On Integrating Radiation Biology with 
Epidemiology

October 27, 2015
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NCRP – Current Need for Guidance

NCRP Council Committee 1 (CC-1): to update the bases of the 

System of Protection against Radiation for the United States, and 

the fundamental recommendations to limit exposures and their 

subsequent consequences. 

Ken Kase

Former IRPA

President

Don Cool

ICRP Chair

C4



SC 1-23: Guidance on Radiation Dose 
Limits for the Lens of the Eye 

Chairs Ellie Blakely 

and Larry Dauer
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SC 1-25: Recent Epidemiologic Studies 
and Implications for the 

Linear-Nonthreshold Model

Purpose: SC 1-25 will prepare a commentary reviewing recent epidemiologic studies 

and evaluate whether the new observations are strong enough to support or modify the 
linear nonthreshold (LNT) model as used in radiation protection today.

Roy Shore, Co-Chair
Larry Dauer, Co-Chair 
John Boice
Scott Davis
Randall Hyer
Fred Mettler, Jr.
Julian Preston
John Till
Daniel Stram
Richard Wakeford
Linda Walsh
Richard Vetter, Staff Consultant
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SUMMARY

• Epidemiology forms the basis for protection

• Committees synthesize the epidemiology and other science

• ICRP and NCRP make recommendation considering  

UNSCEAR and NAS BEIR Reports

• Authorities decide on standards and regulations

• There’s much to be done as society expand its uses of 

ionizing radiation!  Stay tuned !



Thanks! 

Also To IRPA and Health Physics Society 

1929: U.S. Advisory Committee on 

X-Ray and Radium Protection

1946: U.S. National Committee on 
Radiation Protection

1964: National Council on 
Radiation Protection and 

Measurements chartered by 

Congress (Public Law 88-376 )
Laurie Taylor, USA

Sievert 1980
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