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Let’'s Talk About

Potassium lodide

Todd Smith, PhD
U.S. Nuclear Regulatory Commission



Potassium lodide policy in the U.S.

* U.S. Nuclear Regulatory Commission (NRC) regulations require consideration
of Kl as a supplemental protective action to evacuation and sheltering-in-place

* regulations and guidance are specific to large light water reactors

* Federal policy recommends Kl to be stockpiled and distributed for emergency
workers and institutionalized persons, and considered for the public within the
emergency planning zone around large light water reactors

» State and local governments decide whether to use Kl for the public

Federal Policy on Use of Potassium lodide (KI), 67 Fed. Reg. 1355, 2002.
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Presentation Notes
In the U.S., NRC regulations require consideration of potassium iodide as a supplement to evacuation and sheltering-in-place.

Of note, this regulation is specific to our EP requirements for large light water reactor technology.

Our regulations are suppoted by our Federal policy which recommends that KI be stockpiled and distributed to emergency workers, institutionalized persons, and that consideration be given to the public within emergency planning zones around large light water reactors.

An important item to note is that the decision to manage a KI program and use KI in an emergency resides with the appropriate decisionmaker within state and local governements, and is not the responsibility of the Federal government. If a state chooses not to implement a KI program, that is allowable under our regulations, as long as it was considered.


U.S.

Kl policy is evidence-based

 Efficacy and efficiency of Kl implementation could benefit from modernization

» KI Subcommittee within the Federal Radiological Preparedness Coordinating
Committee (FRPCC) is assessing the need for guidance updates

* KI guidance can benefit from:

insights on radioiodine release from .
state-of-the-art consequence analyses .

lessons from past events
adequacy of dietary iodine sufficiency and

daily iodine intake
advances in nuclear technologies

. No KIProgram

[ i Post-distribution Only

. Kl Pre- and Post-distribution

best practice

US NRC. Literature Review: Evaluation of Implementation Strategies for Potassium lodide; 2025.
ADAMS Accession No. ML25077A036.
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Like many of our policies, KI policy is evidence-based, and relies on the best available research, data, and analysis to inform program decisions.

In the past, the KI Subcommittee within our Federal Radiolgocial Prepardness Coordinating Committee, (the FRPCC) worked to inform KI policy. The mission of the FRPCC is to coordinate Federal efforts for radiolgocial emergency preparedness and to provide policy guidance to assist state, local, and tribal, governments.

Working across the Federal government, the KI Subcommittee developed guidance and messaging for effective use of KI.

But it has been almost 20 years since we last took a detailed look at how KI programs are being implemented. So in 2023, the NRC petitioned to reinstate the KI Subcommittee to take a look at how we can update our guidance.

A lot has happened over those 20 years including insights from state-of-the-art consequences analyses, past events, the importance of an iodine sufficient diet, advances in nuclear technology, and best practice.


Quality evidence is needed

O8I

WHO recommends

3. Recommendation further Kl research:

and public health T
recommendatlons = radioiodine biokinetics

= optimal timing of intake

= feasibility and acceptability

» best practices for stockpiling or
During a radiological or nuclear emergency, provision of iodine thyroid blocking (ITB) to

people who are at risk of being exposed to radioiodine should be implemented as an ur- pre'd IStrI bUtlon
gent protective action, within the frame of a justified and optimized protection strategy.

Quality of evidence: very low
Strength of the recommendation: conditional

World Health Organization, “lodine thyroid blocking: Guidelines for use in planning and responding to radiological and nuclear
emergencies,” WHO 2017. https://www.who.int/publications/i/item/9789241550185
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In 2004, our National Research Council published a report on the Distribution and Administration of Potasisum Iodide in the Event of a Nuclear Incident.

Among the recommendations of the report was a need to better understand the strengths and weaknesses and resource requirements of different KI distribution plans.

I note that in 2017, the World Health Organization made a similar observation in their report on Iodine thyroid blocking. While recommending KI use, the WHO notes the quality of evidence is very low and the strength of the recommendation is conditional.

No one questions that KI can can be effective at blocking the uptake of radioiodine, but questions remain related to biokinetics, optimal timing, feasibility, and best practice.

https://www.who.int/publications/i/item/9789241550185

Kl effectiveness depends on many factors

Nuclear accident
with
environmental/
atmospheric

St e ot To be effective against inhalation exposure, KI must
K fff O be administered within a specific time window

release of ' A » < 12-24 hours before exposure ~90% to 70% effective
radiodiodine = < 1-3 hours after exposure ~85% to 50% effective

“ = > 6 hour after exposure has negligible protective effect

I
ﬁ : ﬁ Modeling can provide useful insights for informing
Kl implementation strategies. Factors include:
= source term (optimal timing and radioiodine form)
= Kl time dependency (biokinetics)

Thyroid 100% = jodine sufficiency (biokinetics)
blocking after S0% distributi .
a single dose = distribution strategy (feasibility)
of KI - = human factors (acceptability)
0o 2 6
Days from ad:,,inist,atinn = state of practice (best practice)

llias I.,Rizzo M., Meristoudis G. Potassium lodide in Nuclear Accidents: Give it
Timely, Swiftly and Judiciously. Endocr Metab Immune Disord Drug Targets;
23(6):873-875; 2023.
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For an action as simple as takng a pill, KI effectiveness is surprisingly complex.

Many research studies will show enormous benefits to taking KI in terms of dose reduction to the thyroid. But can these benefits be realized or are they based on unrealistic modeling assumptions? You’re probably familiar with this curve showing the effectiveness of KI in relation to the time of exposure.

But there are many other factors to consider including source term, iodine sufficiency in the thyroid, the distribution strategy, human factors, and state of practice. In paranthesis you’ll see these all relate to the parameters the WHO recommended for further research.




Modeling can inform Kl strategies

What is MACCS? — DL

MELCOR Accident Consequence Code System mﬁu W
« Analysis tool for developing realistic estimates of —l e Gases, ry\e\ﬂ \\

consequences of nuclear power plant incidents ;“ ”’“; |
 Developed by NRC and Sandia National Laboratory - , 'c.L‘.,L‘., Ih i B

« Extensive use by NRC and domestic and international
organizations

£ vt

How is MACCS used? -moum
Consequence studies e A

Level 3 Probabilistic Risk Assessment (PRA)
Cost-benefit analysis

Risk-informed decision-making

MACCS can be used to inform potassium iodide (KI) use
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Fortunately, we can explore these factors using models.

The NRC code MACCS is widely used for consequence analysis, level 3 probabilistic risks assessment, cost-benefit analysis, and risk-informed decision-making.

If you’re interested in MACCS, consider getting involved with the International Users Group. Because MACCS is well-suited for performing evaluations in emergency planning.


NRC is using MACCS to assess Kl strategies

Literature Review: Evaluation of Implementation Strategies for Potassium lodide

MACCS models effectiveness of KI implementation:
« KIMODL determines whether to consider Kl or No KI
 Linear no-threshold (LNT) dose-response model applied
« Thyroid dose to a population is reduced by a factor

(1 — EFFACY) X POPFRAC

where,
EFFACY reduces the dose to the thyroid from inhalation (value: [0-1])
POPFRAC is the fraction of a cohort that ingests Kl (value: [0-1])

US NRC. Literature Review: Evaluation of Implementation Strategies for Potassium lodide; 2025. ADAMS Accession No. ML25077A036.
US NRC. Evaluation of MACCS KI Modeling Capability; 2025. ADAMS Accession No. ML25017A059.
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And we’re going to use MACCS to better inform KI implementation strategies. We’re approaching this in two stages. 

In the first stage we performed a literature review to evaluate the current state of practice in the US. This report is publicly available and I’ve included the reference on this slide. We also performed a review of studies on biokinetics of radioiodine to help inform our modeling approach.

The KI model in MACCS is fairly simple. The user starts by definining wether the effects of KI or modeled or not, then the model applies appropriate dose coefficients to calculate the thyroid dose, at which point the dose is reduce by a factor consisting of two terms. EFFACY relates to the effectiveness of KI over time and is assigned a value between 0 and 1. POPFRAC is the fraction of the propulsion that ingests KI and is assigned a value between 0 and 1.

Combined, these factors account for differences in timing, KI availability, feasibility, and human factors. To start our modeling, we first ran some test cases to make sure the KI model was working the way we expected it to.


Scenarios to model in MACCS

No KI

Kl pre-distributed

Kl picked up at distribution centers/shelters

Kl stockpiled — delivered when and where needed
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Now we’re in the second part of our study, to examine various KI distribution strategies in MACCS.

This will include comparisons to cases with no KI, predistribution strategies, and post distribution strategies based on picking up at distribution centers, or delivered when and where needed.

Within these scenarios we will vary the source term to be reflective of severe accidents, more realistic release scenarios, and advanced nuclear technology.

The goal is not to demonstrate the benefits of KI. We already know KI can be beneficial. The goal of this study is to perform a parametric analysis in order to help inform feasible KI implementation strategies that balance resource requirements with public protection.
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And we’re not stopping there.

We know that iodine chemistry is complex and radioiodine can be released in several forms in an accident. Some exists in gaseous form as elemental iodine, but many other particles and aerosols form which can be inhaled.

Our Protective Action Guide manual states that covering the nose and mouth can reduce internal exposure, but there are very few studies that quantify the benefit. 

So, we’re using the tools within our RAMP program to quantify the benefit of wearing a mask. We estimate significant dose savings can be achieved using common mask materials and the external exposure from buildup on the mask is insignificant compared to the dose savings in internal exposure. Masks are also commonplace, and are generally accepted by the public as protective.


Kl use depends on the technology

Lead-Cooled
Fast Reactor

Comtrol
rads

Header

U-Tube heat
exchanger
modules (4)

Reactor module/
fuel cartridge
(remowable)

Coolant
module

Coolant .

Inlet ~

distributar Reactor

Generator

Electrical
power

g

Control
rods

Graphite
reactor
core

Graphite
reflector

Blower

Heat
Helium exchanger
coolant

Reactor

Pump

tenS: Il‘neaclur

Control
rods

Chemical
processing
plant

Z Freeze
plug

Emergency dump tanks

VTR A oD

“- ;léu:muL-Leaneramre reactor

Heat sink

Hydrogen
production plant

Coolant salt

Heat
exchanger

i

Water

Oxygen

Hydrogen

Generatol

Pre
cooler

Electrical

energy

! Recuperator

f

=1
Heat sink

—

Cold plenum

Hot plenum

Control
rods

Primary
sodium

Steam Ling

Heat *
exchanger

%

Pump

Primary
sodium
(cold)

Switchyard

/4 N * Steam
generator

Electrical
power:

Heat sink
Pump
Secondary
sodium



Presenter Notes
Presentation Notes
We’re also looking ahead to future technologies to update our policy on recommendations for KI use. Clearly fusion machines do not require KI. But what about a molten salt reactor? KI chemistry is a little different, but also radioiodine is constantly removed from the fuel, and doesn’t build up like it does in conventional fuel. 

So we’ll be putting together technology-specific recommendations on KI use through our interagency efforts.


Communication is key

NRC Literature review revealed communication is vital part of strategy

Accurate information on Kl is readily available to the U.S. population
= Search engines provide information from credible sources (e.g., Federal agencies)
= The terms “magic pill” or “anti radiation pill” still lead to good information
= Public interested in Kl use during pregnancy and dose to children

Federal guidance will be updated to address effective strategies and
applicability to advanced nuclear technologies
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And finally, a key finding from our literature review is the importance of communication for effective KI strategies.

One thing we noted is that accurate and timely information is readily available on KI use. Search engines direct the public to trusted sources of information. And even if you type in something like “magic pill” or “antiradiation pill” it doesn’t matter, because you will still get the right information on KI.
�We also noted most questions on KI related to use during pregnancy and doses for children.

The NRC will continue to work with our Federal partners to ensure that updated messages are developed to go along with our updated guidance.


NRC supports effective Kl policy in the U.S.

Contact: Todd Smith, PhD
todd.smith@nrc.gov
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And with that, I look forward to your questions.


	Slide Number 1
	Let’s Talk About�		  Potassium Iodide
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	NRC supports effective KI policy in the U.S.

