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Disclaimer

This presentation was prepared by John Cardarelli II in his personal 
capacity. The opinions expressed in this article are the author's own 
and do not reflect the view of the National Institute for Occupational 
Safety and Health, Centers for Disease Control and Prevention, the 
Department of Health and Human Services, or the United States 
government.
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• Summary of LNT Paper

• HPS Strategic Plan

• My three initiatives

• HPS Current activities (not all!)

OVERVIEW
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TIME TO MOVE BEYOND LNT.

STATUS OF THE SCIENCE
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OPEN SOURCE: https://journals.sagepub.com/doi/full/10.1177/1559325818779651

https://journals.sagepub.com/doi/full/10.1177/1559325818779651
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Seven Questions about LNT
Cardarelli and Ulsh, 2018

1. What is the scientific basis for using the LNT in LDDR radiation environments?

2. Is the USEPA using the concept of collective dose appropriately?

3. Is there scientific consensus for using the LNT model to estimate risk in LDDR 
environments?

4. Should the BEIR VII report continue to be used to justify the use of LNT model for LDDR 
radiation environments?

5. What other information is available in the scientific literature and does it support the 
continued use of the LNT model for LDDR environments?

6. Is it appropriate to regulate ionizing radiation in the same manner as toxic chemicals?

7. Should the current USEPA regulatory radiation policies be reconsidered and harmonized 
with the radiation protection philosophy given the lessons learned from Fukushima?



HEALTH PHYSICS SOCIETY 7

Where did it all begin?
Why the first HUMAN STUDY was not reviewed by the Committee that established LNT.

Environmental Research, Volume 190, November 2020

“This paper explores 
correspondence among and 
between BEAR Genetics Panel 
members… to assess why the Panel 
failed to use these data and how 
the decision to recommend the LNT 
model affected future cancer risk 
assessment policies and practices.”

https://www.sciencedirect.com/science/article/abs/pii/S0013935120308562

https://www.sciencedirect.com/science/article/abs/pii/S0013935120308562
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EPA Publication
https://iopscience.iop.org/article/10.1088/1361-6498/ab2197

“This article describes the 
rationale underlying the use 
of LNT models for calculating 
risk for low dose and dose 
rate exposures and discusses 
some of the epidemiological 
evidence which inform on its 
continued use.”

https://iopscience.iop.org/article/10.1088/1361-6498/ab2197
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ESTABLISHING CAUSATION

NULL HYPOTHESIS
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BEIR VII UNSCEAR# LNT Paper ICRP NCRP**

High Dose >1,000 mGy

Moderate 
Dose

100 mGy to 1,000
mGy

Low Dose <100 mGy 100 mGy <100 mGy <100 mGy

Very Low 
Dose

10 mGy to 100 mGy

Low Dose 
Rate

<0.1 mGy/min <0.1 mSv/min <0.01 mGy/min <5 mGy/h

Annual Occ. 
Limit

20 mSv
over 5 y*

Annual 
Public Limit

1 mSv to 
20 mSv

NCRP ICRP EPA NRC DOE

Annual Dose to 
public or release

0.25 to 1 mSv 1 to 20 mSv 0.12 mSv 0.25 mSv 0.25 to 1.0 mSv

Low Dose or Low Dose-Rate

* <5mSv in a single year
** NCRP Commentary 24

# http://www.fs-ev.org/fileadmin/user_upload/89_News/Oeff.-Arbeit/Radiation_Effects_and_sources-2016.pdf

http://www.fs-ev.org/fileadmin/user_upload/89_News/Oeff.-Arbeit/Radiation_Effects_and_sources-2016.pdf
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Keeping the Hypotheses Straight
Study Design

• Null hypothesis: there is no relationship 
between radiation exposure and cancer risk

• Alternative hypothesis: there is a statistically 
significant health response from radiation 
exposure.
• Accept the null if there is no statistical significance

• LNT model, threshold model, hormesis, supralinearity, etc.)
0

“The USEPA’s Carcinogen Assessment Guidelines specify that LNT should be used as a default assumption unless there is 
compelling evidence that the biological mechanism for carcinogenesis is inconsistent with LNT.” (10/7/15)
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Burden of Proof

• The Burden of Proof is on the alternative hypotheses, not 
the null.

• Assume innocence until proven guilty, not assume guilt until proven innocent.

• The appropriate question is “Are the data sufficient to 
reject the null hypothesis (no effect at low doses or dose 
rates) in favor of any alternative hypothesis (e.g., LNT, 
threshold, hormesis, or supralinearity)?”

• A two-sided test is required to assess hormetic response.
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Cause and Effect Criteria
Sir Austin Bradford Hill’s  (1887 – 1991)

•Temporality

•Strength

•Dose Response

•Consistency

•Specificity

•Plausibility
• http://www.tylervigen.com

/spurious-correlations

•Coherence
•Experiment
•Analogy

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1898525/

http://www.tylervigen.com/spurious-correlations
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1898525/
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Sir Hill’s Case for Action
Do you evacuate a city?

In “real life” we shall have to consider what flows from that 
decision (association to causation)

• “Is it practical?”
• “Is it without too much injustice if we are wrong.”

• Evacuations lead to deaths

• We need “very strong evidence” before making people do 
something they do not like.

• “On scientific grounds, the evidence is there to be judged on its 
merits and the judgement should be utterly independent of what 
hangs upon it – or who hangs because of it.”

• “All scientific work is liable to be upset or modified by advancing 
knowledge. That does not confer upon us a freedom to ignore the 
knowledge we already have, or to postpone the action that is 
appears to demand at a given time.”

Photo source: 
https://upload.wikimedia.org/wikipedia/com
mons/e/eb/Austin_Bradford_Hill.jpg
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Rejecting the “Potential Risk” Argument
Sir Hill, 1965

“If we cannot detect it or reasonably infer a specific one, 
then in such circumstances I think we are reasonably 
entitled to reject the vague contention of the armchair 
critic ‘you can’t prove it, there may be such a feature’.”

This addresses the limitations of the precautionary principle
that have been use to establish radiation protection and 
environmental clean-up policies.

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1898525/

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1898525/
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Common reasons for no significant findings
Epidemiologic studies rarely, if ever, acknowledge the existence of a 
potential threshold or hormetic response to LDDR exposures.

• Healthy worker effect

• Better living conditions

• Access to better 
healthcare

• Affluence

• Healthier lifestyles

• Lower mortality rates

• Smoking habits

• Drinking habits

• Coding Misclassification

• Uncertainties in underlying 
data

• Selection bias

• Threshold – not mentioned

• Hormesis – not mentioned
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How to evaluate an Epidemiologic Study
STROBE Checklists

STROBE stands for an international, 

collaborative initiative of epidemiologists, 

methodologists, statisticians, researchers and 

journal editors involved in the conduct and 

dissemination of observational studies, with 

the common aim of STrengthening the 

Reporting of OBservational studies in 

Epidemiology.

http://www.strobe-statement.org/index.php?id=strobe-home

Checklists

http://www.strobe-statement.org/index.php?id=strobe-home
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How to evaluate an Epidemiologic Study
CDC Videos and NCRP Commentary 27

https://www.cdc.gov/nceh/radiation/emergencies/radiation-epidemiology-videos.htm

CDC interviews NCRP on distinguishing 
between reliable vs. unreliable studies.

Review of NCRP 
Commentary 27

117 comments
4 addressed

5 partially address

108 not addressed!

https://www.sciencedirect.com/science
/article/abs/pii/S0013935118304389

NCRP concludes that the 
recent epidemiologic 
studies support the 
continued use of the LNT 
model for radiation 
protection. 

https://www.cdc.gov/nceh/radiation/emergencies/radiation-epidemiology-videos.htm
https://www.sciencedirect.com/science/article/abs/pii/S0013935118304389
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UNSCEAR (2016)
Radiation Effects and Sources

http://www.fs-ev.org/fileadmin/user_upload/89_News/Oeff.-Arbeit/Radiation_Effects_and_sources-2016.pdf

“Where the level of ‘radiation exposure was 
low or very low—more typical of 
environmental and occupational radiation 
exposure—changes in the occurrence of 
delayed health effects have not been 
confirmed, given the statistical and other 
uncertainties. Nevertheless, such effects 
cannot be ruled out.”

http://www.fs-ev.org/fileadmin/user_upload/89_News/Oeff.-Arbeit/Radiation_Effects_and_sources-2016.pdf
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IS THERE CONSENSUS ABOUT LNT?

WHAT DO OTHERS SAY?
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USEPA comments to NRC (10/7/2015)
https://www.nrc.gov/docs/ML1530/ML15301A820.pdf

“Given the continuing wide consensus on the use of LNT for 
regulatory purposes as well as the increasing scientific 
confirmation of the LNT model, it would be unacceptable to the 
USEPA to ignore the recommendations of the NAS [US National 
Academy of Sciences] and other authoritative sources on this 
issue. The USEPA cannot endorse basing radiation protection on 
poorly supported and highly speculative proposals for dose 
thresholds or doubtful notions concerning protective effects 
from low-level ionizing radiation. Accordingly, we would urge 
the NRC to deny the petition.” (emphasis added)

https://www.nrc.gov/docs/ML1530/ML15301A820.pdf
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What is the most accurate radiation 
dose-response model for cancer?

Surveys Respondents
Percent 

supporting 
LNT Model

Percent 
supporting 

Threshold Model
Other

United 
States

National Labs 12 70 18a

Union of Concerned 
Scientists

21 48 31a

Subscribers 
to Science

United States 19 75 6b

Britain 21 71 8b

France 18 70 13b

Germany 22 64 13b

Other EU 23 69 8b

a. The “other” category includes “supralinear” and “don’t know” response
b. The “other” category includes “supralinear” responses.

Jenkins-Smith HC, Silva CL, Murray C. Beliefs about radiation: scientists, the public and public policy. Health Phys. 2009; 97(5): 519-527.

Silva CL, Jenkins-Smith HC, Barke RP. Reconciling scientists’ beliefs about radiation risks and social norms: explaining preferred radiation protection standards. 
Risk Anal. 2007;27(3): 755-773.
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Seven Questions about LNT
Cardarelli and Ulsh, 2018

1. What is the scientific basis for using the LNT in LDDR radiation environments?

2. Is the USEPA using the concept of collective dose appropriately?

3. Is there scientific consensus for using the LNT model to estimate risk in LDDR 
environments?

4. Should the BEIR VII report continue to be used to justify the use of LNT model for LDDR 
radiation environments?

5. What other information is available in the scientific literature and does it support the 
continued use of the LNT model for LDDR environments?

6. Is it appropriate to regulate ionizing radiation in the same manner as toxic chemicals?

7. Should the current USEPA regulatory radiation policies be reconsidered and harmonized 
with the radiation protection philosophy given the lessons learned from Fukushima?
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Dr. Edward Calabrese interview
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HPS LEADERSHIP / BOD
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The Officers and BOD of the HPS
Board of DirectorsExecutive Officers
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STRATEGIC PLAN

HOW WE OPERATE
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HPS Strategic Plan
https://hps.org/membersonly/documents/FY2022_strategic_plan.pdf

MISSION
Excellence in the science and 
practice of radiation safety.

VISION
HPS will be the home for radiation 
safety specialists and the trusted
source of radiation safety 
information that enables the safe 
use of radiation to improve 
people’s lives.

https://hps.org/membersonly/documents/FY2022_strategic_plan.pdf
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TRUST
“HARDEST to earn and the EASIEST to lose” 

“The public trust in science 
depends on its consistency, its 

transparency, and its divorce from 
politics and ideology.”

BY VICTOR DAVIS HANSON SEP 24, 2020

https://pjmedia.com/victordavishanson/2020/09/24/civilization-requires-collective-common-sense-n960418

https://pjmedia.com/columnist/victor-davis-hanson
https://pjmedia.com/victordavishanson/2020/09/24/civilization-requires-collective-common-sense-n960418
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MY THREE INITIATIVES

MAKE PUBLIC HEALTH IMPACT
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My Three Initiatives
To strengthen our Society while making public health impact

• Pro-Science Platform
• HPS Code of Ethics to serve as our 

compass in decision making

• Membership
• Academic Institutions

• Industry

• Government

• Strategic Plan

https://hps.org/aboutthesociety/codeofethics.html
https://docs.google.com/spreadsheets/d/1iR_nudmf9F9KeBl7d6hVmmatJAqTExTlp8KCyG4kwgA/edit#gid=0
https://docs.google.com/spreadsheets/d/1iR_nudmf9F9KeBl7d6hVmmatJAqTExTlp8KCyG4kwgA/edit#gid=1390836597


HPS Membership Trend
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Did you know?

• The Membership Committee created a video overview of all the benefits 
hosted on the members-only HPS website. Check it out on YouTube!

• The rules for full membership recently changed to include technologist-
level HPs. Be sure to let your colleagues know, or join HPS yourself if you 
haven’t already! https://hps.org/join/

• If you’re already a member, a friendly reminder that membership renewal 
season is coming!

• Last year, the HPS issued its first-ever annual membership survey. The next 
one is planned for this fall. Keep an eye out for it – We value your 
feedback!

• Have questions about membership? Contact us at membership@hps.org

https://www.youtube.com/watch?v=bhrDB4bn0hE
https://hps.org/join/
mailto:membership@hps.org
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Full membership for Technicians!
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Why join the HPS?
Home for radiation protection professionals

• Career development
• Network with friends and alumni
• Social activities
• Continuing education

• Strengthen technical expertise
• Network with customers
• Collaboration
• Position Statements

• Continuing education
• Collaboration
• Knowledge on latest developments 

in the field
• Position Statements

https://youtu.be/bhrDB4bn0hE

https://youtu.be/bhrDB4bn0hE
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HPS CURRENT ACTIVITIES

ASSESSING - ENGAGING - ACTING 
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Advertisements!
Click on these supporting companies – it helps us and them!.
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Update your SME Status!
Login >>> Directory >>> Update Directory
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Where to submit HP Journal Articles
https://www.editorialmanager.com/hpj/default.aspx

• HP Journal Page Charge Waiver Program
• Students members 
• HPS members who are retired and have no 

institutional support can apply for a page 
charge waiver. HPS budgets $10K on a first 
come, first serve basis. ($70 per page).

https://www.editorialmanager.com/hpj/default.aspx


HEALTH PHYSICS SOCIETY 40

HPS Zoom Account
https://docs.google.com/forms/d/e/1FAIpQLSerFxQC5-_4iTSzCgqx15LjdwmjGBCT9e_eQOwD76DHmS1uyQ/viewform

Open to HPS Members
1. Click on the link above.
2. Check meeting availability
3. Fill out the Request Form
4. Enjoy!

https://docs.google.com/forms/d/e/1FAIpQLSerFxQC5-_4iTSzCgqx15LjdwmjGBCT9e_eQOwD76DHmS1uyQ/viewform
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HPS Comments on the IRPA Statement, Part II
IRPA Statement on ‘Reasonableness’ in Optimisation of Protection https://hps.org/govtrelations/comments.html

We are encouraged by many improvements in this 

second version but differences remain between our 

respective organizations. Although IRPA’s second draft 

provided no additional information that would alter our 

original position, we offer the following comments and 

supporting documentation for further consideration and 

look forward to a continuing scientific exchange on this 

topic.

https://hps.org/govtrelations/comments.html
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IRPA Task Group
Revision of the System of Radiological Protection

• IRPA Task Group Members

o 26 nominations from 17 Associated 

Societies

• HPS Representatives

o Dr. Gale Woloschak

o Dr. Brant Ulsh

• First task was to review ICRP “Keeping 

the ICRP Recommendations Fit for 

Purpose”

• HPS Review Comments provided 9/21/21 

IRPA TG/Members of the IRPA TG.pdf
https://iopscience.iop.org/article/10.1088/1361-6498/ac1611
https://irpa.net/
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QUESTIONS?

Thank you for listening. 
We looking forward to seeing you again.

The views expressed are my own and may not reflect those of my employer, Centers for Disease Control / 
National Institute for Occupational Safety and Health.


