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ABSTRACT 

The Electric Power Research Institute (EPRI) Radiation Safety Program hosted a first-of-a-kind 

workshop on November 8–9, 2016, initiating the International Dose Effect Alliance (IDEA). 

IDEA provides a mechanism for organizations around the world to discuss low dose radiation 

research programs, priorities, and approaches. The workshop was designed to facilitate 

information exchange and collaboration on low dose radiation research programs; identify issues, 

areas of synergy, and opportunities for additional research; foster integrated, outcome-oriented 

approaches to resolving low dose risk; develop connections between programs conducting low 

dose radiation research; and facilitate discussions across countries and regions. More than 30 

attendees from Japan, Canada, France, and the United States participated in the workshop 

discussions, including 20 presentations. The presentations represented a combination of program 

overviews, approaches to radiation research, and specific research outcomes and findings. The 

presentations and discussions identified opportunities to involve medical and chemical 

toxicology research in broader collaboration and a possible mechanism for organizing low dose 

radiation research using a qualitative adverse outcome pathway approach to identify specific 

areas of research needed to connect the results from radiation biology and epidemiology.  

This report includes the presentations made during the workshop; provides insights on current 

activities in low dose research programs in Asia, Europe, and the Americas; and identifies areas 

of cooperation and possible collaboration. The specific results presented are useful in 

understanding both the complexity of the response to ionizing radiation and the different points 

of view in communications about radiation risk. 

Keywords 

Adverse outcome pathway 

Epidemiology 

Low dose 

Radiation biology 

Radiation protection 

Radiation risk 

 





 

  EXECUTIVE SUMMARY 
 

vii 

Deliverable Number: 3002009919 

Product Type: Technical Report – Workshop Proceedings 

Product Title: International Dose Effect Alliance – November 2016 Workshop 
Proceedings 

 
PRIMARY AUDIENCE: Radiation protection research program managers 

SECONDARY AUDIENCE: Radiation protection managers and communications consultants 

KEY RESEARCH QUESTION 

The International Dose Effect Alliance (IDEA) is a new EPRI initiative with a vision to provide an international 
platform for information exchange, discussion, cooperation, and collaboration in low dose ionizing radiation 
research. The initiative was created because there has been no established international platform to bring 
together the national and regional programs in Europe, Asia, and North America. 

RESEARCH OVERVIEW  

The EPRI Radiation Safety Program hosted a first-of-a-kind workshop initiating IDEA to provide a mechanism 
for organizations around the world to discuss low dose radiation research programs, priorities, and 
approaches. The workshop was held in EPRI’s offices in Charlotte, North Carolina, on November 9–10, 2016. 
More than 30 attendees from Japan, Canada, France, and the United States participated in the workshop 
discussions, including a total of 20 presentations. The workshop was designed to facilitate information 
exchange and collaboration on low dose radiation research programs; identify issues, areas of synergy, and 
opportunities for additional research; foster integrated, outcome-oriented approaches to resolving low dose 
risk; develop connections between programs conducting low dose radiation research; and facilitate 
discussions across countries and regions. 

KEY FINDINGS  

 The research data seem to show both beneficial and detrimental effects of low dose radiation exposure 
in certain cells and tissues (Sections 6, 16, 19, and 21). 

 The competing responses within the cell, tissue, organ, and organism form a complex pattern that has 
not, to date, allowed for an accurate quantitative assessment of risks at low doses or dose rates of 
ionizing radiation (Section 14). 

 There is a need to move to a multidisciplinary approach to bring all of the information together, 
including contributions from outside the normal radiation research community, such as medical 
research and chemical toxicity research (Section 8). 

 The research tends to be organized around particular topics rather than the possible steps in 
identifying the progression to harm for an individual. A new way of organizing research-along the lines 
of a qualitative adverse outcome pathway—could allow for the identification of gaps and consideration 
of a holistic view to answer the question of effects at low dose and dose rate (Section 12). 
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WHY THIS MATTERS 

The research on the health effects of low dose ionizing radiation takes many forms and covers a spectrum of 
topics. Although various regional platforms exist, a platform for discussion and collaboration at an international 
level will facilitate cooperation in research areas, establish agreement as to what research objectives will 
inform important regulatory outcomes, and leverage work across organizations. Recommendations, 
regulations, and communications that are informed by up-to-date scientific information will protect health and 
safety while minimizing unnecessary burden and contribute to public awareness and communication that 
recognizes radiation risk in the appropriate context. 

HOW TO APPLY RESULTS 

This report contains the materials from the presentations made during the workshop; provides insights on 
current activities in low dose research programs in Asia, Europe, and the Americas; and identifies areas of 
cooperation and possible collaboration. Specific results presented are useful in understanding the complexity 
of the response to ionizing radiation as well as the different points of view in communications about radiation 
risk. 

LEARNING AND ENGAGEMENT OPPORTUNITIES 

 EPRI's work in low-dose radiation effects includes the following: 

o Program on Technology Innovation: Evaluation of Updated Research on the Health Effects 
and Risks Associated with Low-Dose Ionizing Radiation (1019227)  

o Epidemiology and Mechanistic Effects of Radiation on the Lens of the Eye: Review and 
Scientific Appraisal of the Literature (3002003162)  

o Radiation Induced Cataracts: Science, Policy, and Impacts to Radiation Protection - June 2016 
Workshop Proceedings (3002009113)  

 National and international organizations interested in this report include those engaged in low dose 
radiation research, policy formulation, and development of regulations and guidance.  

 Radiation protection managers and communication professionals will be interested in the current 
findings on contributors to radiation risk. 
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1  
EPRI WORKSHOP SUMMARY — NOVEMBER 9–10, 
2016, CHARLOTTE, NORTH CAROLINA 

Introduction 

The Electric Power Research Institute (EPRI) Radiation Safety Program hosted a first-of-a-kind 

workshop initiating the International Dose Effect Alliance (IDEA) to provide a mechanism for 

organizations around the world to discuss low dose radiation research programs, priorities, and 

approaches. The initiative was created because there has been no established international 

platform to bring together the national and regional programs in Europe, Asia, and North 

America.  

The workshop was held in EPRI’s offices in Charlotte, North Carolina, on November 9–10, 

2016. More than 30 attendees from Japan, Canada, France, and the United States participated in 

the workshop discussions, including 20 presentations. This publication provides a summary of 

the discussions, the presentations made during the workshop, and a list of attendees. 

International Dose Effect Alliance 

IDEA is a new EPRI effort with a vision to provide an international platform for information 

exchange, discussion, cooperation, and collaboration in low dose ionizing radiation research. To 

realize this vision, the workshop in November 2016 was designed to accomplish the following: 

 Facilitate information exchange and collaboration on low dose radiation research programs 

 Identify issues, areas of synergy, and opportunities for additional research 

 Foster integrated, outcome-oriented approaches to resolve low dose risk 

 Develop connections between programs conducting low dose radiation research 

 Facilitate discussions across countries and regions 

 Organize collaborative forums for exchange of research priorities, strategies, programs, and 

results  
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The workshop was highly successful in achieving the preceding objectives. The presentations 

represented a combination of program overviews, approaches to radiation research, and some 

specific research outcomes and findings. With the discussions following each presentation, 

several conclusions were drawn, as follows:  

 The research data seem to show both beneficial and detrimental effects of low dose radiation 

exposure in certain cells and tissues.  

 The competing responses within the cell, tissue, organ, and organism form a complex pattern 

that has not, to date, allowed for an accurate quantitative assessment of risks at low doses or 

dose rates of ionizing radiation.  

 There is a need to move to a multidisciplinary approach to bring all of the information 

together.  

 There is clearly a need for worldwide discussions and the involvement of research 

organizations.  

 Low dose radiation research tends to be organized around particular topics rather than the 

possible steps in identifying the progression to harm for an individual. A new way of 

organizing research—along the lines of a qualitative adverse outcome pathway—could allow 

for the identification of gaps and consideration of a holistic view to answer the question of 

effects at low dose and dose rate.  

The workshop also identified two significant opportunities for expanding the collaboration of 

radiation research. The first of these opportunities is to involve the medical community in 

considerations and to look at medical cohorts where additional information can be drawn. 

Looking for effects in the context of medical treatment could likely draw considerably more 

funding. The second opportunity is to involve chemical toxicology and toxicity research 

activities and researchers. They have many of the same issues, just a different insult to the body. 

Future workshops, anticipated to be conducted annually, will build on the initial discussions and 

seek to reach out to additional organizations so that progress can be made in more clearly 

understanding the implications of exposure to ionizing radiation.  

Presentations 

The workshop was opened by Dr. Mike Howard, CEO, EPRI. His welcoming remarks outlined 

the EPRI mission of “Advancing safe, reliable, affordable, and environmentally responsible 

electricity for society through global collaboration, thought leadership, and science and 

technology innovation.” Dr. Howard then discussed the EPRI principles of independence, non-

profit, and collaboration, drawing a clear connection between the IDEA workshop and the 

collaborative approach.  

The keynote address was given by Mr. William Magwood IV, the Director General of the 

Nuclear Energy Agency of the Organization for Economic Co-operation and Development. He 

noted the importance of low dose radiation research, reminding attendees that current 

radiological protection policy adopts a linear nonthreshold approach in the absence of a clear 

scientific understanding; that approach has been criticized as being both not prudent enough and 

unnecessarily conservative. He concluded by noting that the challenge of improving our  
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scientific understanding of dose response is a vital enterprise that deserves more resources and 

attention, that scientific research objectives should address issues that impact stakeholder 

concerns, and that both radiation protection science and social science are needed in order to 

determine effective policies to manage risks.  

Dr. Ohtsura Niwa, Director, Radiation Effects Research Foundation (RERF), Japan, reviewed 

current topics and future research at the Foundation. RERF work includes the Life Span Study 

with its epidemiological studies of people exposed to atomic bombs, those exposed in utero, and 

the F1 group of the children of those exposed. A subset of the population is the Adult Health 

Study, where clinical studies include physical exams, and donation of research bio-samples. 

Future research included promotion of epidemiology, mechanistic studies, and public 

communications.  

Dr. Toshiyasu Iwasaki provided an overview of the work of the Central Research Institute of 

Electric Power Industry (CRIEPI) in Japan. CRIEPI has more than 25 years of experience in the 

field of low dose and low dose rate radiation research. Current aims and priorities include 

biological research to improve the radiation protection system, dose rate effects at very low dose 

rates, non-cancer effects at low dose rates, and individual sensitivities.  

Dr. Jacques Repussard, President of the Multidisciplinary European Low Dose Initiative 

(MELODI), described the European strategy of research integration, key scientific challenges, 

and ideas for better international coordination. Within the European Union, closing key 

knowledge gaps is an ambitious target for radiation protection research and requires enhanced 

multidisciplinarity; a holistic research strategy; and secure, stable, and excellence-based funding 

mechanisms. The EURATOM integration concept uses a set of research platforms that include 

MELODI, Alliance for environmental protection, NERIS for emergency preparedness, 

EURADOS for dosemetric calculations, and EURAMED for medical issues. Funds are provided 

through projects that meet the objectives of the platforms, with the current project being the 

Concert EJP (European Concerted Programme on Radiation Research: a European Joint 

Programme).  

Dr. Lawrence Dauer, Memorial Sloan Kettering Cancer Center, discussed uncertainties and 

quality in risk estimates for radiation-induced detriment. After describing some fundamental 

concepts and an approach used to rank epidemiological research studies for methodological 

strengths and weaknesses, Dr. Dauer concluded that reports of estimates of risk from radiation 

exposure should always include a clear and thorough discussion of limitations of the data and 

realistic assessments of how those limitations might impact results.  

Dr. André Bouville, U.S. National Cancer Institute (retired), provided a review of the dosimetry 

aspects supporting the “One Million U.S. Persons Study of Low-Dose Radiation Effects” (MPS). 

The MPS is examining various U.S. cohorts of workers, including the Department of Energy’s 

(DOE’s) Manhattan Project, Department of Defense atomic veterans, industrial radiographers, 

medical workers, and nuclear utility workers. Scientific Committee 6-9 of the National Council 

on Radiation Protection and Measurements is currently preparing a detailed report of guidelines 

to ensure consistency in the treatment of the dosimetry of various cohorts considered within the 

MPS, including the evaluation of uncertainty.  
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Dr. Isaf Al-Nabulsi, DOE Office of Health and Safety, provided an overview of the DOE 

Radiation Health Studies Programs. The program manages a portfolio of domestic and 

international health studies, including the U.S. support for RERF, the Russian Health Studies 

Program, and the Comprehensive Epidemiologic Data Resource. Dr. Al-Nabulsi also described 

the DOE Low Dose Program and legislative efforts intended to increase our understanding of 

low dose radiation effects.  

Dr. Rory Conolly, U.S. Environmental Protection Agency (EPA), discussed approaches to 

studying the biological basis of dose response. In particular, the presentation focused on the 

evolution of studies looking at the mode of action, biologically based dose response, and adverse 

outcome pathway (AOP). An AOP approach, used within the EPA for various chemical hazards, 

attempts to lay out for a particular chemical and adverse outcome the sequential steps within a 

cell, organ, and organism that result in the effect of interest. He then described moving from a 

qualitative model to quantitative models. Dr. Conolly suggested that the AOP terminology helps 

by specifying the information needed to support regulatory decision making, including molecular 

initiating events, key events in the pathway, adverse outcomes for individuals, and adverse 

outcomes for populations.  

Dr. Fred Beranek, Canadian Nuclear Laboratories (CNL), introduced workshop attendees to the 

low dose research being performed at Chalk River Laboratory in Canada. Radiobiology projects 

currently include low dose radiation effects, medical applications, and dosimetry. Within the area 

of low dose radiation effects are projects on the effects of low dose radiation on genes and 

cancer, a lifespan study comparing the toxicities of gamma and tritium beta radiations in mice, 

effects of low dose internal and external radiation on development of cancer, and effects of low 

dose radiation on the development of cardiovascular disease.  

Dr. Jacqueline Williams, University of Rochester, described the relevance and potential utility of 

cell and intracellular communications to calculating individual low dose risks. Noting that there 

are many signal molecules both within the cell and the intracellular system that might be 

potential indicators of homeostatic imbalance, she expressed the view that a key question is how 

to narrow the signals of interest in critical systems associated with radiation-induced diseases. 

Dr. Williams concluded that animal models can verify gene and pathway involvement in 

radiation-induced disease. To be useful, these models should provide dose (persistence of signal) 

and threshold (loss of signal) information. There is a need to prioritize endpoints of interest and 

choose models that mimic human disease characteristics.  

Dr. Gayle Woloschak, Feinberg School of Medicine, Northwestern University, discussed work 

with animal experiments and data to examine low dose risks. She noted that the reason to 

consider animal studies is that human data cannot answer all of the questions; to determine risk, 

there is a need to examine cellular studies, examine animal effects, examine animal population 

effects, and look for consistency in responses. Northwestern University has created a collection 

of data (JANUS) and tissue samples from materials made at different U.S. national laboratories 

during animal irradiation studies conducted between the 1950s and 1990s, and she noted that  
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EPRI has supported some of the efforts to make the data accessible. These include dog and 

mouse studies with both external beams and internal exposures. Dr. Woloschak then described 

the ongoing examination of the dose and dose rate effectiveness factor (DDREF) using animal 

data. Among the conclusions reached so far are the following:  

 The inclusion of more animal mortality data showed that the Biological Effects of Ionizing 

Radiation (BEIR) VII report dose response model did not fit the observed data. 

 DDREF estimates based on the curvature of acute exposure data were never significantly 

greater than 1. 

 Estimates of DDREF using BEIR VII approaches and based on data that directly compared 

acute and protracted exposures were infinitely high (implying that low dose exposures are 

neutral with respect to carcinogenesis or life shortening).  

Dr. Mohan Doss, Fox Chase Cancer Center, presented his views on research needs in the low 

dose radiation field. He suggested that the somatic mutation model might not be the primary 

cause of cancer, and that instead the suppression of the immune system might be a primary 

cause. Dr. Doss went on to report information from some studies where low dose whole-body 

radiation treatments performed as well as or better than chemotherapy. From this, he suggested 

the need for prospective studies to resolve the low dose rate cancer risk controversy, prospective 

studies to optimize cancer prevention from low dose radiation, clinical trials of low dose rate 

treatments for different types of cancers, and a study of lung cancer rates in residents of radon-

mitigated homes, before and after mitigation, to determine the effect of residential radon on lung 

cancer.  

Loc Nguyen, Ontario Power Generation (OPG), provided OPG’s perspectives on low dose effect 

research. OPG, through the Candu Owners Group (COG), has ongoing projects to maintain the 

biological research facility at Chalk River National Laboratory, funding to educational 

institutions to carry out low dose research, and a mechanistic study using a mouse model to look 

at low dose radiation and cancer. Proposed projects include examining the relative biological 

effectiveness of tritiated water in inducing double strand breaks, effects of tritium exposure on 

the immune system and implications in breast and lung cancer development, and the biological 

and immunological effect of low dose radiation on aged populations.  

Peter Ernst, COG, followed the OPG presentation with additional information on the COG 

program of low dose research. COG work is part of their Health, Safety and Environment area. 

Of note was the work with the National Science and Engineering Research Council Industrial 

Research Chairs, through which research at McMaster University has been funded for radiation 

biology and dosimetry.  

Professor Masako Bando, Yukawa Institute, Kyoto University, described the views and concerns 

about radiation effects in Japan following the events at Fukushima. Her organization has worked 

with Japanese citizens and students on radiation units and radiation biology, supported 

multidisciplinary research meetings, and started research from the physical point of view on 

biological effects caused by low dose irradiation. A new project, based on the MELODI platform 

of research in Europe, has been started in Japan, called JMELODI. In addition, an effort has 

started to bring various research organizations together in a program called PLANET for 

multidisciplinary collaboration. Interest was expressed in connecting Japanese efforts through 

PLANET with the efforts of EPRI through IDEA for international collaboration.  
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Yutaka Yamada, National Institute of Radiological Sciences (NIRS) National Institutes for 

Quantum and Radiological Science and Technology (QST), provided an overview of low dose 

research at QST-NIRS. Their research plan for 2016–2022 includes development of a risk model 

based on epidemiology and animal studies, including radiation carcinogenesis experiments and 

mechanistic studies, construction of an animal experiment data archive (J-SHARE), and 

supporting the PLANET platform of experts previously cited herein. Their animal facility can 

house 11,000 mice and 3,000 rats, and work is underway looking at tumor types with different 

dose rates. The J-SHARE animal experiment archive is aimed to provide Japanese data and to 

collaborate with the JANUS database in the United States (Northwestern University) and the 

STORE database in Europe.  

Dr. Jerry Cuttler, Elysium Industries, provided his perspectives on how lifelong, low dose rate 

radiation increased lifespan in dogs. He suggested that longevity is the best measure of health 

effects and presented data from several dog studies where the median lifespan of dogs was not 

reduced until approximately 700 mGy/year of exposure. He also presented a paper describing the 

treatment of Alzheimer’s Disease with computed tomography (CT) scans, with a finding that 5 

CT scans of 40 mGy each over a three-month period partially restored cognition memory, speech 

movement, and appetite in an Alzheimer’s patient.  

The IDEA workshop ended with a general discussion of issues and conclusions. There was 

general agreement of the usefulness of the workshop and a desire for the program to be 

continued. The next workshop is tentatively planned for December 12–14, 2017. There was also 

agreement that work should begin to develop an outline of research using the AOP approach. 

The objective would be to have a presentation at the next IDEA workshop and perhaps during 

the European Radiation Protection Week in 2017.  

 

http://journals.sagpub.com/doi/pdf/10.1177/1559325817692903


 

2-1 

2  
EPRI WORKSHOP INTERNATIONAL DOSE EFFECT 
ALLIANCE 

 













 

3-1 

3  
EPRI WORKSHOP WELCOME 

 

 



safe reliable
affordable environmentally
responsible







 

4-1 

4  
MANAGING RISKS FROM LOW‐DOSE RADIATION: 
HOW TO DECIDE 

 



Managing Risks from
Low Dose Radiation:

How to Decide
William D. Magwood, IV

Director General
Nuclear Energy Agency

9 November 2016, Charlotte, North Carolina

NEA: Bringing Advanced Countries
Together to Address Global Challenges



The NEA: 31 Countries Seeking Excellence in
Nuclear Safety, Technology, and Policy

31member countries w/
and wo/nuclear technology
+ key partners (e.g., China)

7 standing committees and
75 working parties and
expert groups

The NEA Data Bank
providing nuclear data,
code, and verification
services

21 international joint
projects (e.g., the Halden
Reactor Project in Norway)

NSC

NEA Standing Committees

The NEA's committees bring together top governmental officials and technical
specialists from NEAmember countries and strategic partners to solve difficult
problems, establish best practices and to promote international collaboration.



21 Major Joint Projects

Nuclear safety research

Nuclear safety databases

Nuclear science

Radioactive waste management

Radiological protection

Halden Reactor Project

Major NEA Separately Funded Activities

NEA Serviced Organisations

Generation IV International Forum (GIF)

Multinational Design Evaluation
Programme (MDEP)

International Framework for Nuclear
Energy Cooperation (IFNEC)



Safety Regulation and Science

There has been considerable research regarding the
health risks from ionising radiation

But at low levels of exposure (50 – 100 mSv), the
scientific evidence is inconclusive

Howmuch regulation is “enough” is a judgement, and
uncertainty regarding the risks below 50 100 mSv
makes this more difficult

This makes regulatory
policymaking an inexact science

Radiological Safety Policy
Radiological protection policy around the world
generally adopts the LNT philosophy

Is the resulting approach:



Examples of Policy Questions
Impacted By Scientific Uncertainty

How should occupational and public doses be regulated?

How should risks frommedical exposure be controlled?

How different are the risks to children?

How should radioactive waste disposal be regulated?

How should emergency response be regulated?

How should decommissioning standards be set?

How should post accident recovery be regulated?

Key Topics for Scientific Investigation

Identifying the biological pathway(s) from
cancerous cells to healthy cells

Explaining of how radiation initiates or
accelerates the process in which cells
becoming cancerous

Determining whether the effects of chronic
exposure differ from acute exposure

Finding the bio markers for radiation
induced cancer

Determining whether there is a threshold
below which there is no risk of radiation
induced cancer



Until the Science is Definitive,
A Multi Disciplinary Approach is Needed

Determining the appropriate level of risk from a radiological
activity is both a scientific and a societal process

Decision makers and RP experts must be conscious of stakeholder
concerns

Public consultationmust be an integral part of decision making

Technical judgement must be informed—but not determined—by
social norms and expectations

Radiological protection and social science
must be applied in concert to determine the

appropriate responses to each risk

Fukushima Stakeholder Dialogues
A Good Model for Engagement

NEA supported 12 dialogue
sessions organised by ICRP
between 2011 and 2015, with
stakeholders from affected areas
of Fukushima Prefecture



Building Trust in Decisionmaking:
NEA Forum on Stakeholder Confidence (FSC)
Established in 2000 to analyse and support
stakeholder interaction and public
participation in decision making

10 “national workshops” conducted thus far
– most recently in September in Berne,
Switzerland

Issued Publications such as “Local
Communities’ Expectations and Demands on
Monitoring and the Preservation of Records,
Knowledge and Memory of a Deep Geologic
Repository”

Emphasises transparency, stepwise
decision making, and an open partnership
approach between all interested parties

Other NEA Activities

VilligenWorkshops (1998, 2001, 2003)
Key message:

Chernobyl Response (1987 – 2006)
Key message:

Science and Values Workshops (2008, 2009, 2011, 2012)
Key message:



Closing Messages

The challenge of improving our scientific
understanding of dose response is a vital enterprise
which deserves more resources and attention

Scientific research objectives should address issues
that impact stakeholder concerns

Dialogue should deepen among policy makers,
regulators, industry and the public

RP science and social science are both needed in order
to determine effective policies to manage risks

Thank you for your attention
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EPRI 
Radiation Safety Program
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EPRI’s Principles

Independent
Objective, scientifically based results address 
reliability, efficiency, affordability, health, 
safety and the environment

Nonprofit
Chartered to serve the public benefit

Collaborative
Bring together scientists, engineers, 
academic researchers, industry experts

Founded 1972
Major offices: Palo Alto, CA; Charlotte, NC; Knoxville, TN
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EPRI Radiation Safety Program

Radiation 
Management and 

Source Term

Radiological 
Environmental 

Protection

Low Level WasteDecommissioning

Low Dose 
Radiation Effects

Enhance Radiation Safety for Workers and the PublicEnhance Radiation Safety for Workers and the Public

4
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Radiation Safety Research Focus Areas

ALARA Strategies and Technologies
•Combines source term reduction technologies with typical dose 
reduction tools and work planning improvements to provide a 
comprehensive strategy for reducing dose to workers. 

Radioactivity Generation and Control 
(Source Term Reduction) – Joint w/Chem.
•Understanding radioactivity and radiation field generation and 
transport processes and tools/technologies to improve control of 
radioactivity.

Radiation Safety Guidance
•Development and maintenance of guidelines, guides and 
sourcebooks for radiation protection, source term reduction, 
radiological environmental protection (which includes 
groundwater), and low level waste. 

Radiation Measurements and Dosimetry 
for Workers and Public
•Investigates advanced radiation detection and monitoring 
technologies for site and environmental monitoring purposes. In 
addition, more accurate dose calculation methodologies will be 
investigated to improve the quantification of the dose to workers 
and the public 

Effluent and Radwaste Minimization
•Investigates effluent (gaseous, liquid), groundwater remediation,  and 
radwaste minimization technologies and management strategies. Also 
evaluates the impact to effluent and radwaste programs from changes in 
plant design or operational factors.

Integration of Industrial and Radiological 
Safety
•Includes research related to the development of technologies and 
strategies that better meet the needs for an integrated approach to 
worker protection – radiological and industrial hazards.

Benchmarking and Trending (Fundamental)
•Maintenance of databases for the Standard Radiation Monitoring 
Programs (SRMP/BRAC) and the industry low level waste benchmarking 
database, RadBench™.

Low Dose Radiation Health Effects 
•Investigates health effects from exposure to ionizing radiation to inform 
the development of radiation safety standards, radiation protection 
practices, and communication of risks to workers and the public. 

Decommissioning Technology and Strategy
•Investigates technologies and strategies to facilitate the development 
and execution of a safe, efficient, and cost-effective decommissioning 
program.  
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EPRI Radiation Safety – Technical Strategy Groups

Radiation Management and 
Source Term (RMST TSG)

Groundwater (GW TSG)

Low Level Waste (LLW 
TSG)

Carola Gregorich, cgregorich@epri.com, +1 (650) 855 8917

Karen Kim, kkim@epri.com, +1 (650) 855 2190

Karen Kim, kkim@epri.com, +1 (650) 855 2190

TSG Membership
• 3-Yr Commitment Basis 

(in addition to RS Base)
Offers
• Knowledge transfer
• Influence on research direction
• Benchmark of emergent issues
• Surveys of practices
• Independent assessment

one (1) per membership period
• Access to 

• Deliverables
• Collaboration SharePoint
• Webcasts
• Workshops

Interactive & Collaborative Peer Groups

6
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Deliverable Types

Technical Reports
Technical Updates

Key Issue Review
Publication Summary
Comment Summary
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Why is Low Dose Risk Important?

 Low Dose radiation risk is a fundamental, global issue which impacts 
everything from dose limits to public perceptions
 Protection policies apply conservative and precautionary approaches due to 

not knowing the dose – effect relationship       Reduce Uncertainty 

Dialogue continues….
 ICRP task groups on DDREF, Effective Dose, Detriment …
 NCRP recommendations under development  
 EPA regulation changes being considered

Goal: Reduce uncertainties in risk estimates to inform standards

8
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EPRI Low Dose Program Objectives

Develop a technical basis for more accurate and biologically 
plausible radiation health risk models and interpretations
– Analyze existing epidemiological and animal databases for information  

to improve estimates of risk
– Comprehensive review of existing, influential studies
– Synthesize research into an integrated picture

Support dialogue and collaboration amongst research 
organizations

Create products to address current issues                          
and activities
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EPRI Low Dose Program Research 2016 – 2019 
Low Dose Rate 
Cancer Risks

Emerging Issues 
Non-Cancer Risks

Global Research 
Coordination

Communication 
Tools

• Meta-analysis of 
influential human data

• Animal Data analysis
• Cancer Risk Modeling

- Adverse Outcome
Pathways

- Cellular and 
Intracellular
environment

• Transient Release
• Cardiovascular
• Lens Dose Workshop

• Monitor activities on:
- CNS
- Individual
Sensitivity

• Scientific Advisory 
Committee

• International Dose 
Effect Alliance

• Focus on messages 
and presentation of 
results

• New Deliverables 

10
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Value of Low Dose Research

Reduce Uncertainty
Connect cause and effects
Explain relationships
Risk Inform approaches 
Provide credible input to regulations, 

guidance, programs, communications

Reduced uncertainty         risk informed radiation protection



6

11
© 2016 Electric Power Research Institute, Inc. All rights reserved.

Research Studies
• EPRI Reports
• Publications in peer-reviewed journals

Scientific Committees
• Review latest science and trends
• Consider Experience, Ethics, Prudence

Regulatory Agencies
• Review Recommendations
• Procedural and Public Processes

Recommendations

Standards

Findings

12
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International Dose Effect Alliance (IDEA)

Background:
– Research on effects of ionizing radiation is 

occurring in many countries throughout the 
world. 

– There are currently no established 
international mechanisms for discussing and 
collaborating on low dose radiation research 
priorities,  strategies, programs, or results. 

– A forum is needed to facilitate collaboration 
and cooperation. 
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IDEA Vision

Mission

• Facilitate information 
exchange and 
collaboration on low dose 
radiation research 
programs.

• Identify issues, areas of 
synergy, and 
opportunities for 
additional research.

• Foster integrated, 
outcome oriented 
approaches to resolve low 
dose risk. 

Goals

• Develop connections 
between programs 
conducting low dose 
radiation research. 

• Facilitate discussions 
across countries and 
regions. 

• Organize collaborative 
forums for exchange of 
research priorities, 
strategies, programs, and 
results.

Phases

• Phase 1:
• Initiate discussions, 

identify organizations.
• Organize a first 

workshop to explore 
current programs and 
the possibilities for 
collaborative activity

• Publish summary and 
proceedings as EPRI 
Technical Report

International platform for information exchange, discussion, 
cooperation, and collaboration in low dose radiation research

Leverage global resources to enhance, accelerate, and target research resultsLeverage global resources to enhance, accelerate, and target research results

14
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Together…Shaping the Future of Electricity
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LOW DOSE-RATE RESEARCH IN CRIEPI 
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IDEA Workshop 2016
9th November 2016, Charlotte

Toshiyasu IWASAKI

Radiation Safety Research Center,
Central Research Institute of Electric Power Industry (CRIEPI),

Tokyo, JAPAN

Low dose-RATE research 
in CRIEPI

Central Research Institute of Electric 
Power Industry

http://criepi.denken.or.jp/en/index.html
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History of low dose/low dose-rate 
radiation research activities in CRIEPI

1987~     Pilot study on radiation hormesis
1988~     Research project on radiation hormesis
1998 Long-term low dose rate irradiation facility
2000       Low Dose Radiation Research Center

2003~     Research project on biological effects of low dose radiation

More than 25 years’ experience in the field 
of low dose and low dose-rate radiation research

More than 25 years’ experience in the field 
of low dose and low dose-rate radiation research

2007      Radiation Safety Research Center
(biology + health physics)
Low dose microbeam X-ray irradiation facility

2009~     Research projects on 
“mechanisms of low dose-RATE radiation effects”
and “rationalization of radiation protection methods”

Abandon ‘hormesis’ finally

Unique facilities in CRIEPI

Long-term low dose rate 
irradiation facility

・X-ray: 1.49 keV Aluminum K-shell X-rays
・Beam size: less than 2 m in diameter
・Beam intensity: 0.1 Gy/min ~ 5 Gy/min

Microbeam
X-ray irradiation facility

・Source: Cs-137 -ray
・Dose rate: 0.3 ~ 3 mGy/hr
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Aims and research priorities in RSC

 Main Aim
 Biological research to improve RP system 
 Pick up issues which can cause big change in RP system

• Except for medical exposure situations
→ ×Acute, ○ chronic, (very) low dose-rate exposure situations

 Research priorities
1. Dose-rate effects at very low dose-rate

• ×Dose response at low dose (less significant after ICRP Pub 99)
2. Non-cancer effect (at low dose-rate)

• Circulatory disease
• ×Cataract (no impact on detriment issues)

3. Individual sensitivities
• Age→NIRS in Japan
• Genetic background of sensitivities at low dose-rate

Support epidemiological study in 
high natural background areas
■ Cohort in Karunagappally, Kerala, India
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Epidemiological data at low dose-rate

 Kerala cohort study
 No increase of cancer risk at less than ~20 mGy/year
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Epidemiological data at low dose-rate
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Dose/dose-rate of interest and 
studied for biological experiments
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Current status of low dose/low dose-rate 
biological research
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Current status of extrapolation
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- To establish mechanistic and numerical 
model based on stem cell biology and 
radiation biology at high dose-rate

- To test and modify models by simulation 
and high dose-rate experiments

- To verify the model at low 
dose-rate experiments
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Research activities in CRIEPI

 Dose-rate effects on radiation carcinogenesis
 Accumulativeness of radiation damage at tissue level 
 Turnover and competition of tissue stem cells (TSCs) as 

suggested in ICRP Pub 131 (2012)
 X-ray microbeam as mimicking low fluence irradiation
 Non-cancer effects
 Cardiovascular disease at low dose-rate
 Individual sensitivity
 Genetic background of IS at low dose-rate (2017~)

Accumulativeness of radiation effects

Tissue stem cell (TSC) turnover
 Mutation has been assumed to be accumulated 

in TSC in radiation induced carcinogenesis
 TSCs are maintained as a pool with turnover 

Stem cell has, 
(1) Long-term self-renewal capacity, and 
(2) pluripotent differentiation capacity
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ICRP Stem Cell report (Pub 131)

 3 levels of QC systems in a body (ibid 3.3.2.)

Molecular level
 DNA repair

• Operate mainly within a few days after irradiation

 Cellular level 
 Apoptosis

 Tissue level
 Competition

• Slow process requiring weeks and/or months

Tissue level considerations at 
very low dose-rate
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Stochastic modeling of competition in 
stem cell pool
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(1) Hit event
A cell is hit in a frequency of H.

(2) Turnover event
A cell reproduces in a frequency of T, and one cell is 
pushed out to keep pool size constant. 

N : number of cells
H : hit rate
T : turnover rate
x : strength in competition
x=1   (normal cell)
x=xd (damaged cell)

Results of numerical simulation (1) 

Impact of hit rate H ( ~ dose-rate)

When the hit rate H was lower enough than the turnover rate T, 
the stem cell pool was more likely to suppress damage 
accumulation (equivalent to dose-rate effect in this model).
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Results of numerical simulation (2) 

Impact of size of stem cell pool N
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Δt=0.01, 10,000 trials

strength in competition x

When the size of stem cell pool N was large, the damage 
accumulation could be suppressed even if the strength in 
competition of the damaged cell xd is not so much small. 

From the simple numerical model …

1.Damage accumulation in stem cell pool 
was suppressed at low dose-rate with 
considering little competition.

2.Important parameters which contribute to 
the dose-rate effect was strength in 
competition, turnover rate, and size of stem 
cell pool.
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Biological approach: Intestinal stem 
cells as cell of origin in cancer
 Intestine
 Well characterized
 Risk relevant (wT for colon = 0.12)

Hendry & Otsuka. Mut Res Rev (in press)
12-14 4-6

Animal experimental system

Lgr5-EGFP-CreERT2

Otsuka & Iwasaki. J Radiat Res (2015)

By using this method, 
we can evaluate long-term 
cumulative effects of low 

dose-rate radiation.
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Radiosensitivity of intestinal stem cells

• Whole tissues were harvested 24h after X-ray irradiation
• All expression levels were normalized by its Gapdh expression

Real time RT-PCR
Lgr5-EGFP-CreERT2 Otsuka K (unpublished data)

Lgr5+ stem cell 
pool

(LacZ+)

Quiescent 
stem cell
(QSCs)
(LacZ‐)

Replenishment
by QSCs

Loss of
Lgr5+ pool

LacZ+ crypt LacZ‐ cryptHigh dose
radiation

Quantitative evaluation of Lgr5+ replenishment
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Dose-rate effects on Lgr5+ replenishment
Otsuka et al.  J Radiat Res (in press)

Low dose rate irradiation facility @ CRIEPI 

137Cs

Otsuka et al. (manuscript in preparation)

Background level

Dose-rate effects on Lgr5+ replenishment

< 1 hit
/cell
/day
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Summary of biological approach
1. Some parameters extracted from modeling approach can be 

confirmed by biological approach.
2. Colonic Lgr5+ stem are radiosensitive enough to detect the 

effects of low dose/dose-rate radiation.
3. There may be a dose-rate limit to induce the replenishment of 

Lgr5+ cells by quiescent stem cells.

Low
Dose-rateDamaged

cell

Competition

Elimination of 
damaged cell 

by cell competition

Stem cell 
pool

Replenishment
by quiescent 

stem cells

Cell death

High
Dose-rate

Then, “competition” ?

Organoid culture from isolated stem cells

High efficient organoid formation from 
single intestinal stem cell

Cell sorter
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Organoid model for ‘competition’

How to evaluate for the presence of  ‘stem 
cell competition’

Non-cancer effects

Cardiovascular disease (CVD)
To elucidate causality at low dose and low dose-rate

Under the recognition that underpinning evidence on dose-rate effect would be 
key issue for RP

Experimental research
Search for indices for low dose radiation damages which could be retained and 
have causal relationship to CVD 

•By histological analysis after acute/fractionated/chronic exposure
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Next period of research plan (2017-20)

 Dose-rate effects on radiation carcinogenesis
 Quantitative analysis of stem cell competition
 With combining modeling approach

 To establish mechanistic and numerical model of 
dose-rate effects with considering competition

 Non-cancer effects
 Identification and Analysis of surrogate biomarkers in 

heart or vessels which show different response to 
fractionated and chronic exposures

 Individual sensitivity
 Preliminary evaluation of genetic background for 

different responses among human primary cells

Research plan in CRIEPI

NextNextNowNow 2016 2017 2020 2021

Priorities

Dose rate effects of radiation induced cancer

Individual sensitivities for public and workers
Dose rate effects of non-cancer effectsDose rate effects of non-cancer effects

Mechanisms of dose-rate effects
Turnover

Competition

Numerical model

Individual sensitivityIndividual sensitivity

Next ICRP 
recommendations

Next ICRP 
recommendations

Non-cancer effectsNon-cancer effects
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We are not alone !
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LOW DOSE RADIATION RESEARCH IN EUROPE 

 









Natural
radiation

Nuclear
power plants

Chernobyl WastesRadon Medical
Exposure
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Modelling / 
measures

Doses
Exposure scenarios/

measurements

Rules/Experience/
Science/Cultural 
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Experts, People
Decision makers





(European
Stakeholder Forum (a joint Platforms project)



Scientific
Committee

WG WG WG WG WG



Society

Stakeholders

Wider scientific 
community

Third party 
partners

EJP
consortium

Spreading excellence,
multidisciplinarity, and
state of the art
knowledge through
cooperation, competitive
open calls processes,
communication

Listening to needs, 
expression of 
priorities and 
innovative ideas, 
through appropriate 
mechanisms













biomarker
signatures
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CERTITUDE ATTITUDE: UNCERTAINTIES AND 
QUALITY IN RISK ESTIMATES FOR RADIATION-
INDUCED DETRIMENT 

 



Certitude Attitude:
Uncertainties and Quality
in Risk Estimates for Radiation-
Induced Detriment

2016 EPRI IDEAWorkshop
LawrenceT. Dauer, PhD, DABHP
AssociateAttending Physicist
Dept of Medical Physics / Dept of Radiology





Purpose Statements

Risks of exposure to ionizing radiation are
much better known than other agents.
However, at lower doses (e.g. <100 mGy) of
low LET radiation, the uncertainties
associated with epidemiological studies
become increasingly large and tend to mask
any possible effect.
Estimation of risk requires judgments against
a backdrop of uncertainty and ongoing
scientific debate.

Purpose Statements

Many epidemiological studies derive risk
estimates with “credible intervals” that often
only express impact of statistical fluctuations
of the data in the frame of the risk model
chosen (and ignore other sources).
Therefore, an understanding of uncertainty
and quality concepts needs to be addressed
and communicated to improve decision
making.



Objectives

ID fundamental
concepts.
Recognize sources of
uncertainty.
Explore impact of
uncertainties.
Discuss examples
assessing quality.
Challenge to
contribute to
research.
ReviewConclusions

Paracelsus Quandary



ICRP Publication 103
Nominal Risk Coefficients for 
Stochastic Effects after Exposure to 
Radiation at Low Dose or Low Dose Rate

Uncertainty in Epidemiology

Error = difference
between estimate and the
true (but unknown) value.
Uncertainty = probability
distribution of the
possible errors composed
of mixtures of systematic
and random errors.



Unshared Errors

Classical Error –
measurement error
due to imprecise but
unbiased measuring
device. Bias dose
response.
Berkson Error – due
to assignment to
representative values
(grouping into bins).
Less bias typically.

Shared Errors

Shared
measurements (e.g.,
improperly calibrated
device) and/or shared
assignments (wrong
values for model input
parameters).
Inevitably lead to bias
and failure to account
for them can lead to
overconfidence in
risks estimates.



Inference and 
Uncertainty Propagation
Statistical Inference –
based on data and
models used to
analyze it.
Probability Density
Functions (likelihood).

Frequentist (A Bomb).
Baysian – use prior to
estimate posterior.
Good for limited data
or doses using Monte
Carlo modeling.

Propagation –
combined statement
of overall uncertainty.
Sensitivity analyses
onmodel inputs can
help ID largest
influencers.

Statistical Power –
Data Needed are Large at Low Doses



Epidemiologic Studies

Cohort Studies – long term follow up of
an exposed population having
individually characterized exposures.

Can provide unbiased risk estimates.
Allow for modifying factors (sex, age at exp.)
Rates of disease computed directly.
Costly! Challenging!
Lack statistical power for rare outcomes.
Competing risk factors often tough to take into
account.

Epidemiologic Studies

Case Control Studies – ID cases
for an outcome of interest in a
population together with a control
sample of disease free individuals.

Matched on sex, vital status, etc.
Retrospective.
Smaller population groups.
Cost less.
Risk estimates likely havemore bias.



Cause – Effect Relationship?

Studies may suggest
associations.
Single investigations
do not establish
unequivocally, often
due to confounding
factors.
Look for consistency
of results with
plausible biological
reasoning.

Sources of Uncertainty in 
Radioepidemiological Studies

Dosimetry issues.
Epidemiology issues.
Methodology issues.
Low power.
Low precision.
Risk data modeling.
Generalization.
Observational rather
than Experimental.
Tissue effect latency.



Uncertainties in Health Effect Info

Selection Bias – study population not
representative of population of interest.
Information Bias – erroneous or
incomplete information about disease
and/or exposure.

Recall Bias – e.g., cases recall exposure history
differently than non cases.
Follow up Bias – e.g., subjects leaving the
geographical study area, or simply ‘lost’.

Uncertainties in Health Effect Info

Failure to adjust for
confounding factors:

Can distort risk est.
Sometimes very
difficult to deal with
(e.g., Smoking).

Other unknown
factors – genetic
predisposition, pre
existing illnesses,
repair capacity, varied
immunology.



Uncertainties in 
Exposure and Dose Assessment

Fuzzy measurements,
lab procedures, record
keeping, data input,
programming, or
computation.
Serious impacts on
significance, slopes,
and confidence.
Especially important
because they input
directly to models for
organ absorbed dose

Typical issues:
Energy response.
Geometry.
Biokinetic models.
Dosimetric models
(absorbed fractions).
Type of data available.
Reference phantoms.
Missing dose.
Others…

Impact of Exposure Uncertainty

Errors may vary in
complex fashion
according to the level
of dose.
Shared errors rarely
considered. Bias.
Differential
measurement errors
can have serious
consequence (e.g.,
more effort for those
with disease).

General statement
about average relative
uncertainty in dose
estimates (e.g. 30%) is
not sufficient.
MonteCarlo dose
systems with multiple
realizations of
individual dose (max
likelihood calcs) are
better.



“Essentially,
all models are wrong,
but some are useful.”

George E.P. Box, 1987

BoxG and Draper N. 1987. In: Empirical Model Building and Response Surfaces,
p. 424, JohnWiley & Sons, NY.

Impact of Model Uncertainty

Models are simplified
descriptions.
Often less impact at
upper dose categories
and for the central
regions of co
variables (birth y, age
at exp, age at Dx or
death, smoking).
Very large impact at
low doses and borders
of the ranges.



Transferring Risk Quantities
to other Conditions or Populations

Another population or
time period.
Relationships may
vary by organ site and
population

>Breast Ca in US
>Gastric Ca in Japan

Radiation risks tend to
reduce exponentially
with age attained.
DDREF ?

Impact of Uncertainties In
Health Effect Information

Systematic errors in
the estimates or risk
or the precision.
Low statistical power
studies (small size or
small dose) usually
yield indeterminate
results.
Combined or meta
analyses may help
(if quality studies are
compatible)



Systematic Literature Review

Quality Assessment –
Commonly Used for 
Exposure Outcomes

U.S. EPA evaluations
Wartenberg et al 2000
as an example.



Quality Scoring of Literature

Assess for methodological
strengths and
weaknesses/limitations.
Transparent Criteria

0 = expected design
+1 = strength
1 = shortcoming

SumScore
Classify Studies
byQualityTiers

Classify into Three Tiers

Tier I (Total>1)
consideredmost
informative.
Tier II (Total 0 1)
considered less useful
due to shortcomings.
Tier III (Total <0)
considered unreliable
for meta analysis.
Mentioned for
completeness and
general trends.



Cataract Risks – ICRP-118

EPRI – Cataract Risk Epi Evaluation



Cataract Epidemiology Study Evaluation

59 Studies Evaluated.
9 –Tier 1
17 –Tier 2
33 –Tier 3

Only 4Tier 1 or 2
studies provided risk
ratios for a given
dose.

A Bomb
US RadiologyTechs
Infant Clinical Study
Chernobyl Cleanup
Workers

EPRI Cataracts Review 2014 – REF.

Epidemiology and
Mechanistic Effects of
Radiation on the Lens of
the Eye: Review and
Scientific Appraisal of the
Literature. 25 Nov 2014.

http://www.epri.com/abstracts/Pages/Prod
uctAbstract.aspx?productId=00000000300
2003162



EPRI – CVD Risk Epi Evaluation
DRAFT – Work in Progress

Important to Address Uncertainties

We should.
Workers do.
Patients do.
Public does.

Public $pending
certainly does!



IOMP, AAPM, UNSCEAR, ICRP, HPS…
If ~<100mSv of ionizing radiation during medical
imaging procedures.
Estimates should include a statement that highly
speculative due to uncertainty.
Epidemiological methods do not have the power
to directly reveal Ca risks 100 mSv.
Do not multiply very low doses by large #’s of
individuals to estimate effects at or lower than
natural background.
Effective dose not for individual risks.
Problems if heterogeneous dose.
Benefit should be noted as well.

Research Needs – A Challenge

ID sources of
measurement error
and how to account.
Tools for efficiently
using MonteCarlo
uncertainty
propagation for
multiple realizations
of cohort dose sets.
Methods to address
model uncertainty
andmulti model use.



Research Needs – A Challenge

Still must quantify risks at
low dose and low dose
rate exposure to low LET
radiation andmodifying
factors and uncertainties.
Well designed CT studies.
Million Person Study.
2nd Cancer studies.
Non cancer studies (CVD).
How to incorporate
radiobiologics?

Markers of low dose?

A Few Conclusions…

Estimates of risk from exposure to ionizing
radiation derived from epidemiology
studies are uncertain especially because:

Typically low statistical power,
Intrinsic stochastic variability of cases,
Imprecise characterization of risk factors and
dose, and
Impacts of confounding factors.

Results often distorted.



A Few Conclusions…

Reports of estimates of risk from radiation
exposure should always include a clear and
thorough discussion of limitations of the
data and realistic assessment of how these
might impact results.
Failure to account for dose uncertainty can
lead to biased risk estimates and overly
optimistic statements about confidence.
Neglectingmodel uncertainty may
underestimate risks. Multi models?

A Few Conclusions…

Sources of uncertainty in transferring risk
estimates from one population or exposure
situation to another need to be considered
and addressed.
Care must be especially taken when using
estimates of excess relative risk (ERR).
Estimates are NEVER to individuals.
Need communication tools.
Stakeholder involvement paramount.



A Few Conclusions…

Uncertainty analysis is a powerful tool that
could be used to help prioritize research on
issues of importance to risk assessment.
Bottom lines:
1. We are certain of uncertainty in risk

estimates for radiation induced cancer and
other diseases or detriments.

2. Continue practicing fundamental radiation
safety principles:

Justification / Optimization / Limitation

3. Read articles very carefully.

Additional Information on 
Uncertainties in Radiation Risks

UNSCEAR 2012; UNSCEAR 2013.
NCRP 158, NCRP 163, NCRP 164, NCRP 171
ICRP 99, ICRP 103, ICRP 118.
Dauer et al, Rad Prot Dosimetry, 2010.
Dauer, Health Physics,2011.
Hendee, Radiology, 2013.
Preston et al, JRP, 2013.
Walsh, Shore, Auvinen, Jung,Wakeford,

CT Epidemiology, JRP, 2014.
EPRI – Cataracts, 2014.
Bouville et al, 2015, Health Physics.
Simon et al, Monte Carlo, Rad Res, 2015.
Land et al, Thyroid Risks, Rad Res, 2015.
Brenner et al, PNAS, 2003.
Zanzonico & Stabin, Benefit Risk, Semin Nucl
Med, 2014.



Certitude Attitude:
Uncertainties in Risk Estimates 
for Radiation-Induced Detriment

2016 EPRI IDEAWorkshop
LawrenceT. Dauer, PhD, DABHP

dauerl@mskcc.org
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THE ONE MILLION U.S. PERSONS STUDY OF LOW-
DOSE RADIATION EFFECTS (MPS): DOSIMETRY 
ASPECTS 

 









SC 6-9: Deriving organ doses and their 
uncertainty for epidemiologic studies 
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OVERVIEW OF THE UNITED STATES DEPARTMENT 
OF ENERGY RADIATION HEALTH STUDIES 
PROGRAMS 

 



International Dose Effect Alliance Workshop 
Charlotte, NC

November  9, 2016

Isaf Al-Nabulsi, PhD
Senior Technical Advisor
Japan Program Manager

Office of Health and Safety

Overview of the United States 
Department of Energy 

Radiation Health Studies Programs 
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Office of Health and Safety (AU-10)

4



Office of Health and Safety (AU-10)
Mission

Establishes worker safety and health requirements and expectations for 
the Department to ensure protection of workers from the hazards 
associated with Department operations. 

Conducts health studies to determine worker and public health effects 
from exposure to hazardous materials associated with Department 
operations and supports international health studies and programs. 

Implements medical surveillance and screening programs for current and 
former workers and supports the Department of Labor in the 
implementation of the Energy Employees Occupational Illness 
Compensation Program Act (EEOICPA). 

Provides assistance to Headquarters and field elements in 
implementation of policy and resolving worker safety and health issue.

5

AU-10 Programs

Worker Health and Safety Policy
Develops and implements health policies and regulations to ensure the 

DOE workforce conducts work safely and productively.  

Office of Workers Safety and Health Assistance 

Promotes safety and health excellence through cooperative efforts 
among labor, management, and government at the DOE contractor 
sites.

Voluntary Protection Program

Employee Assistance Program

Cross-Cutting Worker Safety and Health Issues

Occupational and Environmental Medicine

Differing Professional Opinion (DPO) Program
6



Office of Domestic and International Health Studies

Manages a portfolio of domestic and international health 
studies that fulfills the requirements and directives of the 
Legislative and Executive branches.

The results from these programs are the primary basis 
for worldwide radiation protection standards.

Represents DOE on Federal work groups planning and 
preparing for public health crisis.

Supports the operation and maintenance of the CEDR, 
USTUR, REAC/TS, and the Beryllium Registry.

AU-10 Programs 
(cont.)

7

Office of  Worker Screening and Compensation Support 

–

–

AU-10 Programs 
(cont.)

8



Mission of the Health Study Program 
at the Department of Energy 

Conduct research to reduce work-related illnesses and 
injuries

Promote safe and health workplaces

Enhance workplace safety and health

Promote protection of all workers

9

History of Health Studies at the Department of Energy

Atomic Energy Commission (AEC) established – 1946

1960’s—studies to determine the feasibility of using
personnel records  to conduct epidemiologic mortality 
studies

1965—pilot studies initiated, T. Mancuso at University of Pittsburgh 
Hanford mortality study of 500,000 workers, 1964-76
Association of cancer and low levels of radiation
Controversies, Congressional Hearings, GAO report

1970—Worker Health and Mortality Study implemented – Hanford 
Environmental Health Foundation 

1977—A. Stewart, Mancuso, G. Kneale study of Hanford workers

10



AEC Energy Research and Development Administration 1974 
DOE established in 1977

Creation of the Office of Environment, Safety and Health –1990

Worker and Public Health Activities Program established 
to study the health consequences of exposures to ionizing 
radiation and other hazardous materials used in DOE operations
and the general public in surrounding communities 

Until 1990s, studies were carried out by DOE contractors at Hanford, Oak 
Ridge and Los Alamos.

After 1990s, energy-related health studies relevant to DOE operation were 
carried out by the United States  Department of Health and Human Services

History of Health Studies at the Department of Energy 

11

History of Health Studies at the Department of Energy 

Examples:

NIOSH – National Institutes of Safety and Health
Conducts research on occupational exposures to workers, 
including epidemiologic studies.  All analytic studies of workers
transferred to NIOSH’s Occupational Energy Research Branch

NCEH – National Center for Environmental Health 
Historical dose-reconstruction studies of environmental exposures
to estimate past levels of exposure to radiation in communities 
surrounding DOE sites

ATSDR – Agency for Toxic Substances and Disease Registry
Assesses environmental exposures and related health effects in
communities surrounding DOE sites

12



Health Study Population

~600,000 current and former DOE workers

Exposure of interest:
External and internal ionizing radiation exposure
Asbestos, metals and solvents

Time intervals:  1940s to present

Type of studies: 
Exposure assessments for past and current workers
Feasibility analysis
What are the joint effects of radiation and chemical exposures?

Health outcome of interest: primarily cancer

13

Epidemiologic Studies of DOE Workers
N ~ 60 

BEIR V (1990) included 4 DOE studies

Site specific mortality studies:

Hanford
Fernald Feed materials Production Center
Idaho National Engineering and Environmental Laboratory 
Los Alamos National Laboratory 
Mound Plant
Oak Ridge National Laboratory
Pantex Weapons Facility
Paducah Gaseous Diffusion Plant
Portsmouth Gaseous Diffusion Plant 
Portsmouth Naval Shipyard
Rocketdyne
Rocky Flats
Savannah River Site
Y-12 Plant (OR)

14



DOE single-site mortality studies (Hanford, ORNL, LANL, Mound)

DOE multi-site mortality study (Hanford, ORNL, RF)
DOE multi-site leukemia study (Hanford, ORNL, LANL, SRS)
DOE multi-site multiple myeloma study (ORNL, Hanford)
DOE multi-site female nuclear workers mortality study (SRS, LANL)
DOE multi-site offspring leukemia study (INL, ORNL, Hanford)

Million worker study (Boice, et al)
DOE,DOD, Nuclear Plant workers

International studies
15 country study (IARC)
3 country study (US, UK, France)

Epidemiologic Studies of DOE Workers

Exposures considered:
plutonium
polonium
uranium
external ionizing radiation including beta, gamma and neutrons
internal alpha

15

Key Findings

Workers at Rocky Flats show plutonium related elevation in lung cancer risk

At Hanford and ORNL, older workers may be at higher risk of radiation-
induced cancer

At Idaho national Lab, most cancers not associated with radiation (leukemia, 
NHL, brain tumors, breast cancer)

No radiation related cancer risk at Portsmouth GDP

No overall excess risk due to exposure to external radiation at multisite 
multiple myeloma

16



Benefits to DOE

Fulfill obligation to all employees to provide the best information 
about health effects.

Establish worker safety and health requirements and expectations for 
the Department to ensure protection of workers from the hazards 
associated with Department operations.

Contribute to the scientific knowledge regarding exposure to radiation 
that are relevant to radiation protection on nuclear workforce in the 
United States and the world.

Improve methods for reconstructing past exposures that are important 
to the evaluation of workers and public health effects at DOE sites.

Understanding of workplace risks.

Improving the worker health and safety by establishing roles and policy.

17

A public use data repository to facilitate access to the data collected under 
DOE’s epidemiologic research programs. 

Comprehensive Epidemiologic Data Resource (CEDR)

Program Goals:

To create a central repository of data related to epidemiologic and health 
concerns.

To permit access to data from the DOE epidemiological studies program to 
researchers and other interested stakeholders.

To provide opportunities for new scientific understanding.

To identify and document data potentially useful for other health studies.

https://www3.orau.gov/CEDR/default.aspx

18



Contents

Site descriptions, including location, early operations

60 data sets used in published studies

118 unedited data files

Bibliographic collection of more that 1250 citations

https://www3.orau.gov/CEDR/default.aspx

Comprehensive Epidemiologic Data Resource (CEDR)

Most of CEDR's holdings are derived from epidemiologic studies of DOE workers at 
many large nuclear weapons plants, such as Hanford, Los Alamos, the Oak Ridge 
reservation, Savannah River Site, and Rocky Flats. 

These studies primarily use death certificate information to identify excess deaths 
and patterns of disease among workers to determine what factors contribute to the 
risk of developing cancer and other illnesses.

In addition, many of these studies have radiation exposure measurements on 
individual workers.

19

Japan Health Studies Program
Purpose and Goals

“Conduct research and studies for peaceful purposes on medical effects of 
radiation and associated diseases in humans, with a view to contributing to 
maintenance of the health and welfare of the atomic bomb survivors and to 
enhancement of the health of all humankind.” 

There are over 117 ongoing research protocols, and several fixed cohorts or 
sub-cohorts were established to provide epidemiological and clinical data on 
the health status and mortality of the survivors and their children in 
addition to laboratory-based research studies in the fields of radiobiology, 
immunology, genetics, and molecular epidemiology that contributed to the 
understanding of the mechanisms of disease and cancer induction.

The results of RERF research become the world’s most important guide for 
radiation-induced health effects, especially cancer, and are also used to 
develop standards for occupational exposures and to assess risks from 
medical exposure sources. 

20



Description of Cohorts

The Life Span Study (including 120,000 individuals, 30 percent of whom are still 
alive) – investigates mortality and cancer incidence of the A-bomb survivors;
The Adult Health Study (about 25,000 individuals) – provides biennial health 
exams, health counseling, and collects tissue samples from those who volunteer 
when they are tested through this study;
In Utero Study (about 3,600 individuals) – examine the lifetime health status of 
those who were in the womb at the time of bombing;
Genetics Studies of Children of Atomic-Bomb Survivors (F1) Study (including 
77,000 individuals) – determines genetics effects that could be related to 
parental exposure, and mechanisms of radiation effects on developing diseases 
and cancers.  They include studies on

– Mortality and Cancer Incidence (77,000 individuals)
– Cytogenetic Study (16,000 individuals)
– Birth Defects (77,000 individuals)
– Cancer Incidence (77,000 individuals)
– Chromosome Aberrations (16,000 individuals)
– Biochemical Genetics Study (24,000 individuals)
– Molecular Genetics (DNA) (1,000 families, 1,500 individuals)
– Clinical Examinations (12,000 individuals)

21

652,000 tissue samples from 145,000 individuals

165,254 blood samples from 19,732 individuals

Biodosimetry: 1,721 teeth from 920 individuals

Physical dosimetry: 740 samples

Tissue Repository

22



RERF Life Span Study is core study of 120,000 A-bomb survivors 
that relates radiation exposure to risk of mortality, cancer, and 
other diseases.

Data show an early increase in leukemia and an increase in a 
variety of solid cancers, which is related linearly to radiation dose.

Relative risk for solid cancer is largest among those exposed at 
young ages.

No genetic effects have been observed in children of the survivors. 

Major RERF results

23

Russian Health Studies Program
Purpose and Goals

To assess worker and public health risks from radiation exposure resulting 
from nuclear weapons production activities in the former Soviet Union.

To better understand the relationship between health effects and chronic, 
low-to-medium dose rate radiation exposures.

To estimate cancer risks from exposure to gamma, neutron, and alpha 
radiation.

To provide information to the national and international organizations that 
determine radiation protection standards and practices.

24



Description of Cohorts

Mayak worker cohort (25,757 workers) is a unique resource 
for evaluating:

– Risk of cancer from exposure to plutonium
– Risk of cancer from extended external exposure

Techa River cohort (29,719 individuals) is a unique 
resource for evaluating long-term environmental 
exposures, such as those in communities surrounding DOE 
nuclear facilities.

25

About 238,941 biological specimens from 7,946 individuals

Includes samples from 6,622 Mayak workers and 1,324 Ozersk
residents without occupational exposure to ionizing radiation

Tissue Repository
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DOE SC Low-Dose Program

Started in 1998 to provide critical scientific basis 
for setting radiation protection regulations by 
applying new techniques to measure biological 
changes at a very low-dose region.

27

Biological systems can detect and respond to very low doses of 
radiation.
Cells not directly exposed can show a biological response to the low-
dose radiation exposure of neighboring cells. 
Cell-cell and cell-matrix communication are critical in the total 
response to radiation, resulting in whole tissue responses as compared 
to individual cell responses. 
Different molecular-level mechanisms of action result in responses to 
low doses of radiation vs. high doses of radiation. 
Many cellular responses demonstrate non-linear responses with respect 
to radiation dose. 
In addition to radiation-induced DNA damage, other processes are 
induced by radiation that participates in the prevention of the 
development of cancer as a function of radiation exposure parameters, 
including dose, dose-rate, and dose-distribution. 

DOE SC Low Dose Program Results

28



Congressional Actions 

November 17, 2014 - The U.S. House of Representatives passed 
the Low-Dose Radiation Research Act of 2014, which is 
intended to increase understanding of low-dose radiation. 

January 2015 - The U.S. House of Representatives has restarted 
efforts to boost research into the health effects of low-dose 
radiation, both in the natural environment and in medical 
imaging procedures (H.R. 35: Low-Dose Radiation Research Act 
of 2015).

Introduced by the House Committee on Science, Space, and 
Technology on January 6, 2015; Passed January 7, 2016

Received in the Senate and Read twice and referred to the 
Committee on Energy and Natural Resources on January 8, 
2016

Hearing held on June 9, 2016

29

HR 35 directs the U.S. Department of Energy's Office of Science to enter into an agreement with the 
National Academies to study the current status and development of low-dose radiation research. The 
effort would also identify scientific challenges to studying the effects of ionizing radiation in the long 
term, as well as recommend an agenda to address these challenges.

The legislation authorizes no money; instead, it directs the agencies involved to use funds 
appropriated in other spending measures.

Requires such study to:
identify current scientific challenges for understanding the long-term effects of ionizing 

radiation,
assess the status of current low dose radiation research,
formulate overall scientific goals for the future of low-dose radiation research,
recommend a long-term strategic and prioritized research agenda to address scientific research 
goals for overcoming the identified scientific challenges in coordination with other research 
efforts,
define the essential components of a research program that would address this research agenda 
within the universities and the National Laboratories, and 
assess the effectiveness of such a program.

Directs the Secretary of Energy to deliver to Congress a five-year research plan that responds to the 
study's findings and recommendations and identifies and prioritizes research needs.

H.R. 35: Low-Dose Radiation Research Act of 2015

30



S.2012 - North American Energy Security 
and Infrastructure Act of 2016

09/09/2015  Introduced in Senate 

09/09/2015   Committee on Energy and Natural Resources. 

04/20/2016  Passed/agreed to in Senate: Passed Senate with an amendment

05/25/2016  Passed/agreed to in House

05/25/2016   To conference: On motion that the House insist upon its 
amendment, and request a conference

09/08/2016   Conference committee actions: Conference held

31

SEC. 505. BIOLOGICAL AND ENVIRONMENTAL RESEARCH
(e) LOW DOSE RADIATION RESEARCH PROGRAM.—
(1) IN GENERAL.—The Director of the Department of Energy 
Office of Science shall carry out a research program on low dose 
radiation. The purpose of the program is to enhance the 
scientific understanding of and reduce uncertainties associated 
with the effects of exposure to low dose radiation in order to 
inform improved risk management methods.

S.2012 - North American Energy Security 
and Infrastructure Act of 2016

32



(2) STUDY.—Not later than 60 days after the date of enactment of this Act, the 
Director shall enter into an agreement with the National Academies to conduct a 
study assessing the current status and development of a long-term strategy for low 
dose radiation research. Such study shall be completed not later than 18 months 
after the date of enactment of this Act. The study shall be conducted in coordination 
with Federal agencies that perform ionizing radiation effects research and shall 
leverage the most current studies in this field. Such study shall—

(A) identify current scientific challenges for understanding the long-term 
effects of ionizing radiation;
(B) assess the status of current low dose radiation research in the United States 
and internationally;
(C) formulate overall scientific goals for the future of low-dose radiation 
research in the United States;
(D) recommend a long-term strategic and prioritized research agenda to address 
scientific research goals for overcoming the identified scientific challenges in 
coordination with other research efforts;
(E) define the essential components of a research program that would address 
this research agenda within the universities and the National Laboratories; and
(F) assess the cost-benefit effectiveness of such a program.

S.2012 - North American Energy Security 
and Infrastructure Act of 2016

33

(3) RESEARCH PLAN.—Not later than 90 days after the completion of the study 
performed under paragraph (2) the Secretary of Energy shall deliver to the 
Committee on Science, Space, and Technology of the House of Representatives and 
the Committee on Energy and Natural Resources of the Senate a 5-year research plan 
that responds to the study’s findings and recommendations and identifies and 
prioritizes research needs.

(4) DEFINITION.—In this subsection, the term “low dose radiation” means a radiation 
dose of less than 100 millisieverts.

(5) RULE OF CONSTRUCTION.—Nothing in this subsection shall be construed to 
subject any research carried out by the Director under the research program under 
this subsection to any limitations described in section 977(e) of the Energy Policy Act 
of 2005 (42 U.S.C. 16317(e)).

S.2012 - North American Energy Security 
and Infrastructure Act of 2016

34



This will be the subject 
of a future post, so stay 

tuned!

35
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APPROACHES TO STUDYING THE BIOLOGICAL 
BASIS OF DOSE-RESPONSE 

 



Approaches to studying the biological 
basis of dose-response

Rory Conolly

US EPA

November 10, 2016

International Dose Effect Alliance Workshop 2016
EPRI Charlotte

Disclaimer

This is a presentation of the opinions of 
Rory Conolly, not of official policies of 
the US EPA.



How do we get from here to there?

Organism
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It’s the biology…

Evolution of language

1. Mechanism of action
2. Mode of action

1. MOA

3. Biologically based dose-response
1. BBDR

4. Adverse outcome pathway
1. AOP









Toxicol. Sci. 2002. 67:121-130
Toxicol. Sci. 2005. 86: 300-308

Toxicol. Sci. 2013. 132: 284-297.
Compar. Biochem. Physiol. Pt. C, 2007, 145: 533-541



Ex
 v

iv
o 

2011 Aquatic Toxicol. 103:170-178

Quantitative implementation of 
the AOP

How do we integrate laboratory data on 
dosimetry and AOPs to obtain a 
quantitative, predictive model of dose-
response and time-course behaviors? 



Computational Biology



The computational model reflects 
current understanding

HPG axis model

Oocyte growth dynamics model

Population dynamics model



Homeostasis:
Adaptation/Compensation



Adaptation:  Plasma estradiol in fathead 
minnows exposed to fadrazole





HPG axis model

Oocyte growth dynamics model

Population dynamics model



Does the new AOP terminology help?

AOP specifies information needed to 
support regulatory decision making

Molecular initiating event
Key events
AO for individuals
AO for the population

Richer language facilitates communication

Experimental design

BBDR and qAOP models can simulate 
behavior of the biological system over 
time.
So best supported by experimental 
designs that include both time-course 
and dose-response.



Perfection

Wanting perfection is a trap.
The model should reduce uncertainty 
relative to where you stand without the 
model.

Model is only required to be useful.
Sophisticated evaluation requires 
sufficient expertise in relevant biology, 
modeling technology, and an ability to 
“step back” and visualize the big picture.



https://aopwiki.org/wiki/index.php/Main_Page

http://www.oecd.org/chemicalsafety/adverse-outcome-
pathways-molecular-screening-and-toxicogenomics.htm



If you don't 
know where 
you're going, 
you might not 
get there. 



End



Extrapolation



Extrapolation

Extrapolation



Oocyte growth dynamics model
(Egg development in the fathead minnow ovary)



Adaptation:  Plasma estradiol in fathead 
minnows exposed to fadrazole

Plenty of published guidance on 
good modeling practice



Confidence (uncertainty-1)

Concern:  The model increases 
uncertainty relative to not having the 
model.

Complicated structure relative to defaults
Errors in the model
Uncertainty about mechanism depicted in 
the model

Complicated structure…
Delineation of sources of uncertainty 
does not mean uncertainty is increased.
As long as good modeling practice is 
observed then model development 
coordinated with laboratory 
experimetns is informative about roles 
of PK and key events.
Uncovers hidden assumptions



Coding errors definitely possible.

But observation of good modeling 
practice, including rigorous code 
checking, addresses this concern.

Errors in model

Uncertainty about mechanism

This can be a valid concern but it applies 
to any work involving mechanisms, not 
just development of computational 
models.
Addressed by peer review, scientific 
rigor
Bradford Hill criteria



in vitro
in vivo

in silico
in vivo in vitro

in vitro



Computers are essential
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Low Dose Research at Chalk River Laboratory
EPRI IDEA Workshop

-2-UNRESTRICTED / ILLIMITÉ

-2-



-3-UNRESTRICTED / ILLIMITÉ

Canada is a Tier One Nuclear Nation 
Canada is one of a small number of countries with a 
comprehensive nuclear sector

Nuclear energy commitment

Federal regulation

Domestic supply chain

Education and research

Canadian Nuclear Laboratories

UNRESTRICTED / ILLIMITÉ

-4-UNRESTRICTED / ILLIMITÉ

Birthplace of Canada’s nuclear industry

First sustained nuclear criticality outside USA

Supplied Cobalt-60 for first cancer treatment in Canada

AECL established as a Crown Corporation in 1952

Developed CANDU power reactor technology

CRL History
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Missions

UNRESTRICTED / ILLIMITÉ

A broad mandate, serving both government and private sector

-6-UNRESTRICTED / ILLIMITÉ

-6-

The largest science & technology lab in Canada

9,000 acres in size, 200 acres lab complex
17 nuclear facilities, 70 major buildings   
3,100 employees (500 PhDs and Masters)
1,600 engineering, scientific and technical staff
>300 skilled trades people
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Over 50 Unique S&T Facilities

UNRESTRICTED / ILLIMITÉ

Analytical Chemistry Laboratories 
Biofouling and Biocorrosion Facilities 
Biological Research Facility
CAN-DECON Test Loops #2 and #3 
Chemical and Corrosion Autoclave and Loop Test 
Co-60 Gamma Irradiation Facility
Containment Chemistry Laboratory 
Core Disassembly Facility 
Deformation Technology Calandria Tube Burst Test 
and Creep Rupture Testing Laboratory 
Delayed Hydride Cracking Facility 
Digital Radiography and Computer Tomography 
Environmental Technologies Branch 
Fission Products Behaviour Laboratory 
Fluid Sealing Technology Metrology Facility 
Fuel Development Branch 
Gammacell 220 Cobalt-60 Irradiator Facility
GEANT4 Dynamic Simulation Facility 
Health Physics Neutron Generator
High Bay and Laboratories 
High Pressure Water Test Loop Facilities 
High Temperature and Pressure Test Loop Facilities 
High Temperature Fuel Channel Laboratory 

Impact Fretting-Wear Facility 
Large Scale Containment Facility 
Large-Scale Vented Combustion Test Facility 
Laser Dimensioning 
Laser Welding Facility 
Mechanical Testing Laboratories 
Metallographic Services Laboratory 
Model Development Laboratory 
Molten Fuel Moderator Interaction Facility 
Nuclear Instrumentation Development Laboratory 
RD-14M Experimental Facility 
Recycle Fuel Fabrication Laboratories 
Single-Specimen Uniaxial-Stress Thermal Creep 
Small Scale Burst Test Facility 
Strainer Test Facilities 
Surface Science Laboratories 
Thermalhydraulics Laboratory 
Transmission Electron Microscopy Laboratory 
Tritium Facility 
Van de Graaff Accelerator Facility 
X-Ray Diffraction Laboratory 
ZED-2 Research Reactor

-8-UNRESTRICTED / ILLIMITÉ

Overview of Radiobiology Facilities and Capabilities
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Health
Radiological Services

-10-UNRESTRICTED / ILLIMITÉ

Address public concerns 
about the safety of radiation 
Understand how radiation, as 
a stressor, interacts with the 
disease process
Inform the onward 
development of radiological 
protection
Emphasis on low-dose 
radiation (i.e. < 100 mSv)

Radiobiology and Health Staff and 
Research Themes
Understanding the Health Effects of Irradiation
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Controlled environment (HEPA-
filtered air supply/exhaust; 
computer-controlled temperature, 
humidity and lighting)
Specific pathogen free (SPF) status
Separate animal rooms and 
laboratories for radionuclide and 
chemical carcinogen toxicity studies
Attached laboratories for cell culture 
and molecular biology,  histology 
and tissue processing, etc.

Biological Research Facility
1,600 m2 building 
22,500 mouse capacity

-12-UNRESTRICTED / ILLIMITÉ

Low-dose external gamma 
radiation
Internal radionuclide toxicity 
and decorporation studies 
(tritium: HTO , OBT, tritiated oil; 
strontium, alpha emitters: 

uranium)
Irradiated fuels toxicity studies
CNL Animal  Care Committee 
Approval of all protocols 

Biological Research Facility
Unique Opportunities For Radiological Hazard Research
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Irradiation Hall 
(Animals and Cells)

GC60-1000
Irradiator

Gamma Beam Irradiation Facility
Two gamma irradiation devices in a 30 m long irradiation hall

-14-UNRESTRICTED / ILLIMITÉ

DD-109 Neutron Generator
Neutrons are produced when a 
deuteron beam strikes the 
titanium hydride target 
containing deuterium
Neutron flux of 109 n/cm2/s at an 
energy of 2.5 MeV
Possible addition of a DT unit 
(target containing tritium that 
will produce neutrons at energies 
of up to 14 MeV)

HPNG Facility
Used for calibration and R&D applications; instrument /dosimeter development 
and calibration; radiation-physics studies; irradiation of biological samples
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• Effects of low dose 
radiation on genes and 
cancer

• Life-span study 
comparing the toxicity of 
gamma and tritium beta 
radiations

• Effects of low dose 
internal and external 
radiation on the 
development of cancer

• Effects of low dose 
radiation on the 
development of cardio-
vascular disease M

ed
ic

al
A

pp
lic

at
io

ns • Improving 
radiation 
therapeutics

• High dose 
effects on bone 
marrow

D
os

im
et

ry • Effects of radiation 
dose and radiation 
quality on stem and 
other cells

• Effects of irradiation 
on the biosolubility of 
fuels and 
contaminated reactor 
components

• Space radiation, 
dosimetry, shielding 
and neutron 
metrology

• Development and 
implementation of 
GenmodPC

Radiobiology Projects

-16-UNRESTRICTED / ILLIMITÉ

Historically strong position of AECL/CNL 
in LDR research
Initiated in ~ 1978, lead by Dr. Ron Mitchel (retired in 2007)

LDR  induced a radioadaptive response in yeast cells;
subsequently delineated the mechanism to be through 
better repair of DNA lesions
LDR induced a radioadaptive response in cultured 
mammalian cells in vitro;
LDR lowered the rate of spontaneous neotransformation in 
cultured mammalian cells in vitro;
LDR induced a radioadaptive response in mice in vivo by
suppressing tumor formation;
LDR prolonged life span of mice in vivo;
LDR protected from atherosclerosis in predisposed mice in
vivo
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Project: Effects of Low Dose Radiation on 
Genes and Processes that could lead to Cancer 
and other Diseases 
Objective: to characterize early molecular 
and cellular responses to low dose gamma 
radiation that contribute to aging-
associated pathologies, such as cancer

Methods:  Gene expression changes, DNA 
damage and repair, epigenetic 
modifications are measured in mammalian 
cells of different types in vitro and/or in 
mice in vivo. Exposed to 10-100 mGy of 
gamma-radiation

Current results:
Improved repair of damaged 
DNA bases, but not double-
strand breaks, in mice in
vivo
Delayed aging of human 
fibroblasts in vitro
Improved immune status of 
aged mice
No accelerated aging of 
mouse kidney in vivo

-18-UNRESTRICTED / ILLIMITÉ

Project: Life-span study comparing the 
toxicity of gamma and tritium beta radiations

Objective: examine relative effectiveness of 
internal beta-irradiation from 3H and 
external gamma in causing cancer and aging 
of mice

Methods:  CBA/Ca mice exposed to a 
range of doses (66 mGy to 1.3 Gy) from 
either external gamma-beam or internal 
beta-radiation from ingested water over 2 
week period. Spontaneous tumor formation 
and life span monitored over the life of the 
mice.

Current results:
>half of the animals 
(2555 out of 3300) have 
died and post-mortem 
analyses ongoing
Lowest doses tend to not 
affect mean life span, but 
the control group is not 
complete yet
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Project: Effects of low dose internal and 
external radiation on the development of cancer 

Objective: test the hypothesis that LDR 
increases cancer rates proportional to dose

Methods: three mouse cancer models:
1) Intestinal (APCmin mice)
2) Breast (MMTV-Neu mice)
3) Lung (A/J mice)

exposed to chronic 10 and 100 mGy of either 
gamma or internal HTO over 2 months and:

Rates and frequency of cancer
Life-span
Cancer driving mechanisms monitored 
and measured

Current results:
Pilot task to APCmin mice 
complete: assays and 
breeding optimized
Pilot task MMTV-Neu is 
ongoing

-20-UNRESTRICTED / ILLIMITÉ

Thank you
Questions?
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CELL/INTRACELLULAR COMMUNICATIONS: 
RELEVANCE AND POTENTIAL UTILITY TO 
CALCULATING INDIVIDUAL LOW DOSE RISKS 
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LOW DOSE RISKS – ANIMAL EXPERIMENTS 

 



Low dose risks – animal 
experiments

Gayle E Woloschak, PhD
Radiation Oncology Dept.
Feinberg School of Medicine
Northwestern University

Introduction



Sources of Ionizing Radiation
Annual risk (Americans, 
excluding radiation therapy)

Radon, 'natural', but 
preventable, causes ~10% of all 
lung cancer, according to BEIR 
VI 
Medical imaging procedures 
contribute almost 50% of total 
exposure, which would 
contribute ~ 50K fatal cancers, 
however much of this is 
delivered to fatally ill patients.
Occupational exposure only 
causes ~100 cancers per year, 
but this is concentrated in a 
small cohort -- consisting mostly 
of aviation and medical 
workers.

Hall 2012 figure 16.6

Indirect Impact of Low 
Dose Research

Health impact, use of radiation in medicine

Energy production - nuclear power, global warming, carbon 
footprint 

Protection of the public from harmful doses of radiation 

Nuclear waste clean-up done in an acceptable manner

National security, nuclear weapons, dirty bombs, nuclear 
terrorism



Linear Non-Threshold Radiation Dose-
Response Model 



Large-Scale 
Animal Studies

Why Do Animal Studies?
Human data can’t answer everything….too 
many confounding factors especially for low 
dose rate studies.

To determine risk:  examine cell studies, examine 
animal effects, examine population effects that 
have occurred—and then look for consistency in 
the responses.

Can expose animals to control conditions and 
doses that cannot be done with humans

Using multiple species can often help in 
extrapolating to humans.



Low dose radiation effects 
research world-wide: USA
NURA: The Northwestern University 
Radiation Animal Archive
Northwestern University is creating a collection of data and tissue 
samples from materials made at different US National 
Laboratories during  animal irradiation studies done between 
1950’s and 1990’s .
Animal irradiation studies during that era were designed to test 
different
Qualities of radiation
Doses of radiation
Dose rates
Species comparisons
Different endpoints (e.g. lifetime studies, mutagenesis…)

Dog Studies
ITRI—Lovelace—inhalation studies

Univ. California Davis, Univ. Utah, PNNL—internal 
emitters

Argonne National Laboratory----external beam 
studies

7,000+ dogs per site

Life-time studies

Early toxicities, cancer, life-shortening



ANL: external beam studies



Mouse Studies
Argonne National Laboratory----external beam 
studies (gamma and neutron)

Oak Ridge National Laboratory----external beam 
studies (X-rays)

Life-time studies

Early toxicities, cancer, life-shortening

Hundreds of thousands of animals!



Use of X-ray Fluorescence to Study 
Elementalomics of Archival Tissues

S
Zn

X-ray fluorescence 
Imaging at the APS 
synchrotron: Study of 
archival tissues from 
historic DOE and SUBI 
tissue archives  

ANL: Prostate hyperplasia 
in beagle dog ID 2752 
[Dose rate 3.8 cGy/day 
(22 hrs/7 days), from 412 
days until total dose  15 
Gy. Death at 14+ years 
(5245 days).

SUBI: Tritium in drinking water 
study. Mouse spleen showing 
normal overall and elemental 
morphology.

Paunesku T, Wanzer MB, Kirillova EN, Muksinova KN, Revina VS, 
Lyubchansky ER, Grosche B, Birschwilks M, Vogt S, Finney L, Woloschak 
GE. X-ray fluorescence microscopy for investigation of archival tissues. 
Health Phys 2012 103(2):181 6

Use of Animal 
Archives –

Evaluation of 
DDREF



Risk

Risk Estimates

ICRP 5.7% detriment/Sv 

BEIR 3-12% fatal 
cancer/Sv

NCRP estimates that in 
2006 the U.S. population 
was exposed to  ~1.9 
million person-Sv

BEIR VII 2006 pg 280 

Wrixon 2008 

NCRP 160 2009BEIR VII 2006 pg 318

Dose and Dose Rate 
Effectiveness Factor (DDREF)

Definition

The risk observed from acute exposures is divided by 
DDREF in order to determine the risk of protracted 
exposure.

Example

If a 1 Gy acute exposure increases cancer risk by 10% and DDREF is 2, then 
a 1 Gy exposure spread over a year will increase cancer risk by 5%.

Sources of Information for DDREF Estimate

LSS Cohort (A-bomb survivors data)

Animal studies



Dose and Dose Rate 
Effectiveness Factor (DDREF)

FIGURE 10-1 A hypothetical dose-response curve with a linear approximation for low 
doses (i.e., the tangent of the curve at dose zero) and a linear approximation based on 
risk at one particular high dose (i.e., the line that passes through the origin and the true 
dose-response curve at the high dose), when the high dose is taken to be 2 Gy. The 
DDREF at this high dose is the larger slope divided by the smaller slope. 
Beir VII Phase II Figure 10-4

ERR
*Dose + *Dose2

DDREF
acute / protracted
( *D+ *D2) / ( *D)
= 1 + /  * Dose

LSS DDREF
(at 1 Gy)

Estimated to be 1.5 
(1.1 - 2.3) by the 
BEIR VII committee.

LSS cohort

The atomic bomb 
survivors of Hiroshima 
and Nagasaki have 
been closely tracked by 
the Life Span Study (LSS).

LSS survivors suffered 
excess cases of 
leukemia, solid cancer, 
and heart disease.

Most doses were small 
(<100 mSv), but high 
doses (>100 mSv) 
account for most of the 
negative health effects.

Hall 2012 figure 10.7 and table 10.1



Current DDREF Estimate is Based on 
LSS and Animal Data

Radiobiological prior = 
ORNL Animal Data

BEIR VII Part II, Figure 10-3 FIGURE 10-3 Results of a Bayesian statistical analysis of 
dose-response curvature and associated LSS DDREF values. The probability density 
labeled “radiobiological prior” expresses the belief about curvature deduced from animal 
data, as detailed in Annex 11B. Regions of high density correspond to more believable 
values of curvature. The LSS likelihood is the likelihood function of curvature  from the 
data displayed in Figure 10-2. The “combined” density is the Bayesian posterior obtained 
by updating the radiobiological density to account for information from the LSS data. The 
scale below the plot shows the implied values of LSS DDREFs corresponding to the  scale. 

Likelihood
The relative likelihood of 
DDREF was estimated 
by fitting linear 
quadratic models of 
various curvatures to LSS 
and animal data.  
Animal data suggests a 
higher DDREF than LSS 
data.
Results were combined 
by Bayesian update to 
form the final estimate.

LSS DDREF
1 + / = 1 +



Other archived data
Oak Ridge studies are only 

a subset of all historic 
studies

Hundreds of animal 
radiobiology studies 
have been 
conducted.

Data from many of 
these studies is 
available online from 
the European 
Radiobiology and 
Janus Archives.



Radiation health risk estimates
Contemporary US citizens (and people world-wide) are 
exposed to non-therapeutic ionizing irradiation 
accumulating several hundreds of milliSieverts per person 
over the entire lifetime, generally with no more than 20 mSv
per exposure.

However, the health risks of low dose and protracted 
exposures are still estimated based on the health 
consequences observed following acute, high dose 
exposures and a model of the relationship between dose, 
risk, and protraction. 

The BEIR VII report and most contemporary radiation 
protection guidelines use the linear-quadratic model that 
was originally developed to describe effects of high dose 
rate therapeutic radiation exposures.

DDREF estimate per BEIR VII
Seventh report of the Biological Effects of Ionizing Radiation 
(BEIR) committee estimates a 3-12% absolute increase in the risk 
of fatal cancer development per Sievert of exposure (National 
Research Council, 2006). 

To reach this conclusion the BEIR VII committee used as data:

atomic bomb survivor data to evaluate dose and dose rate 
effectiveness factor for the life span study of atomic bomb 
survivors;

dose-response data from a selection of large mouse studies 
carried out at the Oak Ridge National Laboratory in the late 
1970s involving whole body gamma exposures from a cesium-
137 source 

We decided to re-evaluate methodology (use of LQ model) and 
completeness of the animal datasets (Haley et al., 2015).



DDREF estimate by BEIR VII -
remaining questions

Evaluation of DDREF varies based on dose range “limits” – is LQ 
model the best one to use?

LSS data may need to be re-evaluated based on new dosimetry

Animal data were not fully utilized! The European Radiobiology 
Archives (ERA) and Janus tissues archives contain 16 animal 
mortality studies that fit BEIR VII’s inclusion criteria, 15 of which 
were not included in the original BEIR VII analysis. 

Could a better estimate of DDREF be obtained by simply including 
more animal data in the analysis?

Excess relative risk of solid cancers 
(DDREF proxy) L and LQ fits and 
different dose cutoffs  in atomic 
bomb survivors

(Ozasa et al Radiat Res. 2012;177: 229–43. )

Estimated excess relative risk 
(ERR - equal to relative risk 
minus one) of solid cancer 
development vs. mean total 
colon dose for atomic 
bomb survivors. Black points 
represent central estimates 
for each exposure group. 
Vertical bars represent 95% 
confidence intervals. Linear 
(L) and linear-quadratic 
(LQ) dose response models 
were both fit to the data 
and appear as labeled. A 
linear-quadratic model fit to 
doses below 2 Gy is shown 
as well (LQ (<2Gy)). 



Re-evaluation of 
DDREF with 

animal archives 
Total doses up to 1.5 Gy

World-wide irradiated animal
data archives 

(Western) European archives – virtual collection at 

https://era.bfs.de

Japan – very little on line so far

Russia – some materials digitized but not online

US – most data and materials collected into Northwestern 
University Radiation Tissue Archives (NURA) 

(there are paraffin embedded dog, mouse and rat tissue samples 
from ANL (JANUS experiments) as well as ITRI, PNNL and UCDavies)
two websites with ANL mouse, ANL dog and (still in work) Lovelace 
dog data: 
http://janus.northwestern.edu/dog_tissues/introduction.php
http://janus.northwestern.edu/janus2/index.php



DDREF re-estimate using 
wider set of animal mortality 
data

The European Radiobiology Archives (ERA) and Janus tissues 
archives contain 16 animal mortality studies that fit BEIR VII’s 
inclusion criteria, 15 of which were not included in the 
original BEIR VII analysis. 

These data were curated and developed into a dataset 
suitable for analysis and analyzed following the approach 
used by BEIR VII committee. 

The goal of this effort was to re-evaluate the precision of BEIR 
VII’s estimate and also test the validity of the dose-response 
model this committee used. 

Haley et al., 2015

Replicating DDREF evaluation using 
more of the existing animal data

Each panel shows 
dose (x-axis) vs. risk 
(y-axis) where risk 
represents the 
excess risk of 
carcinogenesis or 
organism mortality.

Black lines 
represent the 
response to acute 
exposures. 
Red lines represent 
the response to 
protracted 
exposures.

Haley et al, 2015



Inclusion criteria 
based on the 
BEIR VII analysis 
were used as well 
as additional 
criteria (e.g. only 
individual animal 
data were used 
for analysis); 
eventually the 
complete animal 
dataset used 
covers 20,325 
mice in 71 
treatment 
groups.

Haley et al 2015

Replicating DDREF evaluation using more 
of the existing animal data: included data

Haley et al 2015

Replicating DDREF evaluation using more 
of the existing animal data: excluded data



Survival vs. dose in animal datasets included  

Note that 
the 
uppermost 
leftmost 
stratum 
contains 
data used 
in the 
original BEIR 
VII analysis. 
This is only 
the acute 
exposure 
data from 
that 
analysis, as 
the data 
from 
protracted 
exposures 
was not 
available 
for 
individual 
mice.
(Haley et al 
2015)

Replicating DDREF evaluation using more 
of the existing animal data

By definition, DDREF is a function of the ratio between quadratic and 
linear coefficients, / , and dose. As formulated, it can be derived from 
direct comparisons of protracted and acute exposures. However, 
because acute exposure risk depends on linear and quadratic terms 
both, DDREF can also be derived using the linear quadratic model from 
acute exposure data alone. This is done by estimating  and  terms 
based on a quadratic fit to the data and then by extrapolating the risk of 
protracted exposures from the  term. The more curved the graph of risk 
from an acute dose is, the higher the DDREF estimate will be. Notably 
most of the data that BEIR VII used to estimate DDREF came only from 
acute exposures.



OTHER INVESTIGATORS: re-evaluations of 
DDREF estimates from BEIR VII animal 
datasets

Hoel, Health Physics 
2015 108(3)

...still – limited archive use and no protracted data on 
individual mice....

Re-estimated DDREF using the BEIR VII method 
acute exposures extrapolation

BEIR VII model 
applied to 
acute 
exposures 
only—
protracted 
were estimated 
based on acute 



Re-estimated DDREF using the BEIR VII method
DDREF 
estimates 
(ranging from 
0 to infinity) 
from each 
stratum in 
isolation are 
listed in each 
facet label 
with 95% 
confidence 
intervals in 
parentheses. 

(Fitting all 
curves was 
done for 
constant 
beta/alpha 
values.)

(Haley et al 
2015)

The data are 
restricted to 
strata that 
received both 
acute and 
protracted 
exposures. This 
is similar to 
BIER VII's 
original animal 
mortality 
analysis 
however these 
animal studies 
were not used 
by BEIR VII.

(Haley et al., 
2015)

BEIR VII model applied only to protracted-
acute exposure comparisons



DDREF evaluation based on additional animal 
data: BEIR VII model alone and with several 
possible corrections

DDREF estimates for a variety of models. Central estimates are shown with 95% confidence intervals in 
parentheses. The details of each model, named in the first column, are described in the text. Each model was 
applied to three different data sets to produce three distinct DDREF estimates.
“All data” refers to DDREF estimates based on all of the available data. 
“Acute data” refers to DDREF estimates based only on the apparent curvature of acute exposure data in each 
stratum, excluding protracted exposure data. 
“Comparison data” refers to DDREF estimates based on strata that included both acute and protracted 
exposures, excluding strata that only included acute exposures.                          Haley et al., 2015

DDREF re-estimate using 
wider range of animals -
CONCLUSIONS

Inclusion of greater animal mortality dataset, rather than 
establishing a better estimate of DDREF, showed that BEIR 
VII's dose response model did not fit the observed data.

DDREF based on the curvature of acute exposure data 
was never significantly greater than 1, implying that 
protracted and low-total-dose exposures have a similar 
risk per Sievert as acute exposures. By contrast, estimates 
of DDREF based on data that directly compared acute 
and protracted exposures were infinitely high, implying 
that low dose exposures are neutral with respect to 
carcinogenesis or life shortening.

The component of DDREF that pertains to protracted (but 
not low-total-dose) exposures, the so-called dose rate 
effectiveness factor (DREF) should be estimated based on 
direct comparisons of acute and protracted exposures. 



Re-evaluation of 
DREF with 

animal archives 
Total doses up to 4 Gy

DREF evaluation based on additional animal data:

DDREF estimates for several variations on linear-linear model. Central estimates are shown with 95% 
confidence intervals in parentheses. The details of each variation are named in the first column.

DDREF values are centered close to 2 regardless of approach used.

Age of exposure has significant effect on DDREF – its value increases (effect of protracted exposure 
becomes more substantial) with age.



DREF re-estimate using wider 
range of doses -
CONCLUSIONS

Until recently, no effort has been made to incorporate all world-
wide animal irradiation data that exist in the public domain, nor to 
use “best fit” approaches to evaluate these data using formalisms 
other than LQ. Our recent publication Haley et al., 2015 used all 
publically available animal irradiation archives to re-evaluate 
DDREF and found that a dose rate effectiveness factor – DREF 
calculated from all existing animal archives is still inaccurate if LQ 
model is used as a basis for calculation.

We have extended this work to intra- and inter-species 
comparisons, and extended the range of doses under 
consideration to 4Gy, which matches skin dose maximum 
considered for human A-bomb survivor studies conducted by RERF. 
Evaluation of DREF was done using a “linear – linear” model (similar 
to Hoel 2015)

New evaluation of DREF value is close to 2 – value also proposed 
by ICRP 

New Knowledge Leads to New 
Understanding of Biology

Concepts never before considered became “standard”
discoveries of new molecules and new means for 
“intracellular” control – subtle changes are detectable and 
understood as things occur in unison
discovery of qualitatively new types of cell to cell 
communication as means for “intercellular” control – subtle 
changes ripple through the whole organism





Conclusions and Summary
Uncertainties about low dose and low dose rate 
radiation remain; these can be aided by 
additional animal studies

Regulation involves combinations of cellular, 
animal and human studies

Animal studies suggest that we may be over-
protecting the population at low doses and low-
dose rates

International collaboration has enhanced 
dataset availability and conclusions that can be 
drawn.
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INTERNATIONAL DOSE EFFECT ALLIANCE 
WORKSHOP: LOW DOSE EFFECTS RESEARCH – 
OPG’S PERSPECTIVE 

 



International Dose Effect Alliance Workshop
LLow Dose Effects Research – OPG’s Perspective

Loc Nguyen, M.Sc., CHP
Senior Scientist, Science & Technology
Health Physics Laboratory
Whitby, Ontario, CANADA

Agenda

2



Ontario Power Generation (OPG) 
Overview

3

Produces about 50% of Ontario’s 
electricity (at 40% less cost) 

65 hydro, 2 nuclear, 2 biomass 
station 

2 leased nuclear stations

2 co-owned gas plants

Closed last coal plant in 2014 

99 percent Green House Gas 
emission-free

9,200 employees (20% reduction 
since 2011 levels)

Ontario’s low-cost electricity 
producer

OPG Nuclear

Pickering Nuclear Generating Station
Darlington Nuclear Generating Station (Refurbishment in progress)
Health Physics Laboratories + Waste Facility

4



OPG’s Communication Activities

Provide regular updates to the Regulator, Canadian Nuclear 
Safety Commission, and the public of abnormal event(s), 
radiological releases and emission from the operations via:

5

i. Environmental monitoring reports.

ii. Participating in Community Forums (i.e. 
Durham Nuclear Health Committee chaired 
by Region’s Commissioner and Medical 
Officer of Health).

iii. Neighbours Newsletters to the community to 
provide updates on community issues.

iv. Community Information Sessions

v. As requested by members of the public, 
including the media.

Research & Development  Organization

OPG has a dedicated R&D organization and budget 
($16M/y) to strategically review and address contemporary 
issues via the CANDU Owner Group (COG): 
- New scientific findings and recommendations from ICRP, 

UNSCEAR, IAEA, etc. (e.g. new eye dose limits)
- Changes in regulatory requirements (e.g. RP or 

environmental protection)
- Improvement of work practices and equipment

OPG collaborates with national, international agencies and 
educational institutions to address common industry issues 
via COG.

6



Low Dose Effects Research Portfolio 
(COG Projects)

CCompleted project: 1
- Studies on the toxicity of Tritium (HTO and OBT)

Ongoing Projects: 3
- Provide funding to maintain the Biological Research 

Facility (BRF) at Chalk River Nuclear Laboratory (CNL) to 
conduct current and future LDR on animals.

- Provide funding to the educational institutions to carry 
out LDR.

- Effect of low dose radiation on cancer: a mouse model 
mechanistic study. Expect completion: 2018/19.

7

Low Dose Effects Research Portfolio 
(Cont’d)

PProposed Project: 33
- In-vivo Study on the Relative Biological Effectiveness of HTO 

and OBT in inducing double strand breaks. 
Expect: Feb 2019.

- The Biological and Immunological Effect of Low Dose 
Radiation on Aged Population. 
Expect: Mar 2020.

- Effects of Tritium Exposure on Immune System and 
Implications in Breast and Lung Cancer Development. 
Expect: Mar 2020.

8



Other Needed Research Areas

Research on non-cancer effects including epidemiological 
studies on:
- Cardiovascular disease
- Radiation induced opacity (Cataracts)

Risk Communication Methodology and Strategy:
- What is the actual risk?
- How do we balance it?
- What are the benefits from accepting certain risks?
- How do we communicate/convey our message to members 

of the public?
- Communication approach to our regulators?

Probability of Causation for radiation induced diseases or 
cancer

9

Summary

OPG supports the low dose research that improve our 
understanding of health risks associated with exposure to 
low dose radiation.
Interested in future research on non-cancer effects (i.e. 
cardiovascular disease, cataracts, etc.)
Interested in the development of a better risk 
communication strategy/methodology to the public and 
regulator(s) regarding radiation health effects.

10



Questions and Answers

11
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LOW DOSE RESEARCH AT CANDU OWNERS GROUP 

 

 



Excellence through Collaboration
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AFTER FUKUSHIMA: WHAT WE DID AND HOW WE 
SHOULD DO FOR THE FUTURE 

 

















Research Institute for Fundamental Physics
not  "Elementary Particles" or "Nuclear Physics"

implying that Yukawa had a wider scientific scope in mind. 
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367,672

300,476
81.7%

115

People aged 18 years 
or younger
as of April 1, 2011, 
living in Fukushima

underwent thyroid 
ultrasound screening. 

381,286

267,769    
70.2%

57





The high prevalence 
can be attributed to 
mass screening. Not 
meaningful because 
of differences in 
methodology
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LOW DOSE RESEARCH AT QST-NIRS 

 



Low Dose Research at QST-NIRS

National Institute of Radiological Sciences (NIRS)

NIRS  QST-NIRS (2016)

•

•

•

•

•

•

•



Dept. of Radiation Effects
Research, QST-NIRS

•

•

•

•

•

Dept. of Radiation Effects
Research, QST-NIRS

•

•
•

•

•

•

•

•

•

•



Low dose research

Radiation carcinogenesis
animal experiments

Fast neutron source
9Be(d,nγ)10B

2 MeV (mean)

Low dose rate 

γ-ray source 137Cs

1–500 mGy/day

(0.04–20 mGy/hr)

SPF animal facility

11,000 mice

3,000 rats

Low Dose Effects 

Research Building

QST-NIRS



Radiation carcinogenesis
animal experiments

Wild-type cancer models

Heterozygotic cancer models

Low dose rate exposure
animal experiments

Acute
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Low dose rate exposure
animal experiments

Acute

Chronic

R
e
la

ti
v
e
 r

is
k

Mammary tumor

SD female rats

Irradiation at 7 ages of the weeks

Brain tumor
Medulloblastoma

Ptch -/- mice

Irradiation at one day old
(Imaoka et al) (Tsuruoka et al)

(0.5 Gy/min, total 0.5 Gy)

(0.09 mGy/min, total 0.5 Gy)

Chronic

Acute

Oncogenic mutations in
radiation-induced cancer

(Ishida, Takabatake et al. )

Ptch1– Ptch1+



Japan-Store House of Animal
Radiobiology Experiments: 

Background and aim of J-SHARE



Outline of J-SHARE

J-SHARE

Server

Provide

system

・
・
・
・
・

LAN

Autopsy records

External exposure

experiments

Macro

photographs

Pathological

image data

Freeze-

preservation of

tissue pieces

Internal exposure

experiments

Plutonium facility

●USA (DOE)

   North Western Univ.

　 JANUS

 

●Europe（MELODI）
   BfS

   STORE

●
 

●Japan●
・Ibaraki Uni., Nagasaki Uni.,

Hirosaki Uni., Uni. Ryukyu,

Tokyo Metropolitan Uni.

NIRS

Pathological

image data

Overview of J-SHARE



All experiment include non-irradiated animals.

Animals Radiation Number of animals
Age at exposure

 (E:Fetal days, W:Weeks)

B6C3F1 mice

Female, Male

Life span study

Gamma (acute) 2300 E3, E13, E17, 1W, 3W, 7W, 15W

Gamma (fractionated) 1460 1W, 7W, 15W

Gamma (low dose rate) 1400 1W, 7W, 15W

Carbon ions 1800 E3, E13, E17, 1W, 3W, 7W, 15W

Carbon ions (fractionated) 960 1W, 7W

Neutron 2300 E3, E13, E17, 1W, 3W, 7W, 15W

Total 10220

Sprague Dawley

rats

Female

Breast cancer

study

Gamma (acute) 600 E3, E13, E17, 1W, 3W, 7W, 15W

Gamma (low dose rate) 500 3W, 7W

Carbon ions 600 E3, E13, E17, 1W, 3W, 7W, 15W

Neutrons 500 3W, 7W

Total 2200

Wistar rats

Female

Lung cancer

study

X-rays 757 1W, 5W, 15W

Neutrons 480 5W, 15W

Neutrons (fractionated) 192 5W, 15W

Total 1429

Number of samples to be stored in J-SHARE

Samples to be stored in J-SHARE



Access to J-SHARE

User's registration (user ID, password)

Free

Download and utilize only the disclosed data

Experiment Code

MPATH Code

Species

Strain

Sex

Radiation

Dose

Age at exposure

etc.

Data search and parameters



Results of data search

View of individual data



MPATH codes

Confirmed diagnosis

View of pathological diagnosis

Hi-speed, Hi-resolution Digital slide scanner

The NanoZoomer 2.0-HT series is a system that converts glass slides into  digital slides

by scanning them quickly at high resolutions. It processes up to max. 210 slides

automatically using its dedicated slide cassettes. You can save time by processing

large amounts of samples overnight. The NanoZoomer 2.0-HT can also automatically

read a slide's barcode information and use it to name the slide file.

Hamamatsu Photonics K.K.'s Web Site said... 

Virtual slide (Image Scanner ‘NanoZoomer’)



yamada.yutaka@qst.go.jp

NIRS Related projects

Collaborative Researches

Integration of data and samples

International partnership

Japanese activities for low dose/Japanese activities for low dose/
low dose-rate research networklow dose-rate research network



Background
Needs

◦ Social concern (fear) on health effects by long-term
chronic exposure (existing situation) after Fukushima
Daiichi nuclear accident

◦ Uncertainty of risk estimation of low dose/low dose-
rate chronic/fractionated exposures

◦ Absent of consensus among experts at the accident

◦ Decreasing experts and courses/labs on radiation
biology and RP also in Japan

Current status of low dose/low dose-
rate biological researchrate biological research

Animal experiments

Cellular experiments

contaiining conditions less than

6mGy/hr and more than 2-week

(except for TG91 animal study)



Current status of extrapolationp

Desirable approach



Prospectus

To establish all-Japan network among regulators, academia
and research institutes, and other stakeholders (incl.
industries)

◦ To propose strategies to improve quantitative estimation of
low dose/low dose-rate risk

◦ Top down approach from needs

◦ Rolling annually

◦ To propose support system for cooperation among related
experts and institutes

Schedule

Preparatory committee in NIRS

◦ Appoint 9 specialists from radiation protection,
radiation biology, epidemiology,  dose assessment

◦ Chairman: Dr Michiaki Kai

◦ 1st meeting, 26th July

◦ 2nd meeting, 26th Sep

◦ Introduction in JRRS annual meeting, 26th Oct

◦ Comment from high level experts (Jan, 2017)

◦ Publish a report (Mar, 2017)

PLANET (tentative name)

◦ April, 2017?



PLANET

Issues for research (tentative)

Target

◦ Low dose-rate (<6 mGy/hr) and low dose (<100 mGy)

◦ Especially (far) less than 1 mGy/hr

◦ Range of limited or controversial data

◦ To improve risk estimation

◦ Identify indices relevant to health effects

◦ Identify approaches for the indices

◦ Epidemiology

◦ Animal experiments

◦ Molecular and cellular experiments

◦ Numerical/mathematical modeling approach

◦ Identify priorities from issues/needs strategically



System of PLANET (tentative)

Government

Regulator

PLANET

Office (NIRS)

International

General public

Industry

University

Research institute

Academic Society

Nuclear Regulation Authority, 

MEXT, METI,ME, RE, JAEC, etc.

ICRP, MELODI,IAEA

IDEA, UNSCEAR, etc.

NPO, FEPC,

CPDS, etc.

JRR, J-MELODI, etc.

-Information sharing, opinion transmission

-Identification of issues for RP research

-Priority setttiong, roadmap, rolling

-Education and training

-Support of NRA activities

Universities and Research Institutes of Radiation Research in Japan

Hokkaido Univ.

Hirosaki Univ.

Inst. Environ. Sci.

Tohoku Univ.

Fukushima Med. Univ.

JAEA

Ibaraki Univ.

KEK

JAXA

Tokyo Univ.

Sci.

QST-NIRS

Univ. Tokyo

Tokyo Inst. Tech.

CRIEPI

REA

Gunma Univ.

Toyama Univ.

Fukui Univ.

Kyoto Univ., Rad. Biol. Center

Okayama Univ.

Hiroshima Univ.

RERF

Univ. Occu. Environ. Health

Nagasaki Univ.

Kagoshima Univ. Oita Univ. Nurs. Health Sci. Kyoto Univ. Res. Reactor. Inst.

Osaka Prefec. Univ.

Osaka Univ.

Kindai

Univ.

Nara Med. Univ.



Future plan of radiation
network in Japan

Umbrella of radiation safety

Radiation emergency 

medicine network

Radiation measurement and dose assessment network

Low dose research 

network

Medical exposure 

network

J-RIME: Japan Network for Research and Information on Medical Exposure

Ayaka Hosoki

Ayako Ootsuka

Chizuru Tsuruoka

Eriko Obara

Fumiko Watanabe

Harumi Osada

Hitomi Seo

Humiko Mizumoto

Kazuhiro Daino

Kazuko Hirasawa

Kyoko Kadono

Mari Ogawa

Masaaki Sunaoshi

Masami Ootawara

Masaru Takabatake

Mayumi Nishimura

Mayumi Okabe

Mayumi Shinagawa

Misuzu Fujita

Mutsumi Kaminishi

Rika Yamada

Seiji Kito

Shino Takeda

Shizue Sasaki

Shunsuke Yamazaki

Shusuke Tani

Toshiaki Kokubo

Toshie Honda

Yasuko Morimoto

Yi Shang

Yoshika Kin

Yoshiko Amasaki

Yuka Ishida

Yumiko Sugawara



END
Thank you for your attention

and good collaboration with IDEA.
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LIFELONG LOW DOES-RATE RADIATION INCREASES 
LIFESPAN OF AVERAGE DOGS AND EVEN MORE SO 
FOR SHORT-LIVED DOGS 

 



Lifelong low dose-rate radiation 
increases lifespan of average dogs 

and even more so for short-lived dogs



afraid
radiation

cancer
false

Low stimulates protection

High inhibits damages
threshold



We dread it 
Cancer

Longevity is best

median



humans

and
chronic

lower

same

















Subsequent to the workshop, a paper on dog longevity containing the figures used in the presentation 
was published, available at http://journals.sagepub.com/doi/pdf/10.1177/1559325817692903
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