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September 3, 1982
,
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Mr. Kevin H. LeClair
Box 525 IN RESPONSE REFER
Belgrade Lakes, ME 04918 TO F0IA-82-371

Dear Mr. LeClair: >

This is in response to your letter dated August 11, 1982, in which you
requested, pursuant to the Freedom of Information Act, information on
the use of potassium iodide as a radiation blocker in nuclear power
plant accidents.

The documents listed on Appendix A are responsive to your request.
These documents are enclosed.

'

Appendix B lists additional documents pertaining to potassium iodide. A
copy of document 1 may be purchased by writing directly to the address
listed below:

National Technical Information Services
5285 Port Royal Road
Springfield, VA 22141.

Telephone: (703) 487-4650

Document 2 may be obtained by writing the NRC Public Document Room
(PDR), 1717 H Street, N.W., Washington, DC 20555. The telephone number
for the PDR is (202) 634-3273 should you wish to phone. The charge for
copying records maintained at the PDR is five cents ($0.05) per page, as
specified in 10 CFR 9.14(a).

Upon your agreement to pay the copying charges, the PDR will arrange for
the record to be copied by a private contractor servicing the PDR. You
will be billed by the contractor for copying charges plus tax and postage.

In regard to item 5 of your request, there are some 20 repositories for
low-level wastes in the United States. Of these, 14 are operated by the
Department of Energy for federally funded programs, and six are commercially
operated by private industry (see attached map). Three of these six
sites - West Valley, New York; Sheffield, Illinois; and Maxey Flats,
Kentucky - are closed and are currently not accepting new wastes.
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Mr. Kevin H. LeClair -2-

To date, NRC has not licensed any high-level . waste disposal sites. The
Department of Energy has the responsibility for Federal radioactive
waste generated from defense or research and development activities.

,

For further information concerning D0E's programs, we suggest you
contact Dr. Franklin E. Coffman, Deputy Assistant Secretary of Nuclear
Waste Management and Fuel Cycle Programs, U.S. Department of Energy,
Washington, DC 20545.

Sincerely,

. M. Felton, Director
-

Division of Rules and Records
Office of Administration

Enclosures: As stated
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Appendix A

1. SECY-79-497, " Thyroid Protection," August 21, 1979.

2. Letter to Honorable Patricia Harris- from Joseph M. Hendrie, November 21,
*

1979. '

3. Letter to Honorable Tom Corcoran 'from Lee V. Gossick, December 3,1979.

4. Letter to Prof. Frank von Hippel from John F. Ahearne, with enclosures,
December 14, 1979.

5. SECY-80-257, " Radiation Protection . Thyroid Blocking," May 20, 1980.

6. SECY-80-257A, " Radiation Protection - Thyroid Blocking," September 18,
1980.

7. Nuclear Power Reactors in the United States, Map and Listing, August 1,
1981. '

8. Testimony of Brian K. Grimes regarding Potassium Iodide, undated.

9. List of Nuclear Fuel Assembly Plants Currently in Operation.

10. - Map of Low-Level Radioactive Waste Depositories.
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Appendix B
!. '

: 1. NUREG/CR-1433, " Examination of Use of Potassium Iodide as Emergency'

Protective Measure for Nuclear Reactor Accidents." - $4.00
,

i -

2. ACRS Transcript Concerning Radiation Protection and the Use of
Potassium Iodide as a Thyroid Blocking Agent, June 23, 1982.
F01A-82-302 - Susan Hiatt. .(357pages)
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UNITED STATES* ,

,

Mus- 21.1973 NUCLEAR REGULATORY COMMISSION 3- y_79_ag7
WASHINGTON, D. C. 205ss

INFORMATION REPORT
For: The Commissioners

*

Frem: Rcbert B. Minogue, Director .

Cffice of Standards Development

'hru: Lee '!. Gossick [
Executive Director for Operation 3 y'

Subject: THYROID PROTECTION

Purpose: To provide the Ccmmission with the staff's review of an article
in Nuclear Safety entitled " Medical and Legal Implications of a
large Release of Radiciodine." (Enclosure 1)

Discussion: In a June 22, 1979 memorandum, Commissioner Kennedy' requested a
review of the above referenced article. .

This article presents calculations of thyroid cancers that would
.

result from the release of large amounts of radiciodine. In
addition it compares', superficially, the alterr ,tives of evacua-
tion, thyroid blocking and confiscation of milk, alteration of
dairy cow feed soun:es and monitoring the food chain. Further,

it presents an analysis of long-term legal and medical effects
and recommends the distribution and storage of potassium iodide,
KI, for use in the case of releases where potential doses are 30
rads or greater.

In reviewing this article, we found no fault in the calculations
based on the author's assumptions. The legal problems analyzed
in the article related to such subjects as the availability .of KI,
compensation of cancer cases and the statue of limitations. ELD

notes that though it should be granted that the article's
authors would have had to spend considerable time and effort to
analyze the many highly complex and sophisticated legal issues
they had raised, nonetheless their conclusions were not backed
by reasoned legal analyses. It should also be noted that the
article was written before December 15, 1978, when the FDA published
a Federal Register Notice, concluding that KI is safe and
effective for use as a thyroid blocking agent in a radiation
emergency under certain specified conditions (see Enclosure 2).
Therefore, the legal problem of availability envisioned in the
article is moot.

Contact:
M. A. Parsont - 35854 i

'
-
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aihe Commissioners 2 .

'

The Staff's plan and conclusions with respect to the use of -
r,I are contained in the memorandum on the use of thyroid
blocking agents to Commissioner Ahearne from Harold Denton,
August 15,1979 (Enclosure 3).

.

/ h. M
Robert B. Minogue, Director
Office of Standards Development

Encl osures:
1. " Medical and Legal Implications of a

Large Release of Radiciodine" from Nuclear Safety
2. December 15, 1978 FR Notice
3. Memo to Commissioner Ahearne from H. Denton

.

DISTRIBUTION ,

Commissioners
Commission Staff Offices
Exec Dir for Operations
ACRS
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The Honorable Patricia Harris
Secretary of Health, Education and Welfare
Washington, D.C. 20201

Dear Madam Secretary:

In the last two years, the Nuclear Regulatory Comission has had many requests
from State and local governments asking when the Federal government would
publish policy and guidance on the use of tnyroid blocking agents to prevent
the uptake of radioactive iodine by the thyroid. Although the National
Council on Radiation Protection and Measurements (NCRP) Report Number 55 on
" Protection of the Thyroid Gland in the Event of Release of Radiciodine"
was published in late 1977 and contains some useful guidance, the States are
properly looking to the Federal government for additional direction on this
protective measure in specifi: accident situations. The accident at the
Three Mile Island nuclear plant has further hignlighted this vital area of
concern.

The NRC is currently developing recommendations on the extent to wtitch
thyroid blocking agents should be stockpiled for use around nuclear power
plants. I understand that your Bureau of Drugs is doing some work on the
conditions under which thyroid blocking agents should be administered to
the general public. We would appreciate any efforts your Department can make
to accelerate development of the Bureau of Drugs policy and guidance on this
matter,

s

Sincerely,

/ W .pQ
Joseph M. endrie._

j Chainnan

1661 264
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The Honorable Tom Corcoran
United States House of Representatives
Washington, D. C. 20515

Dear Congressman Corcoran:
,

kr. William Wilcox at the Federal Emergency Management Agency has asked
the hRC to reply to your letter of October 23, 1979 concerning the use of
pottssium iodide or similar compounds in limiting radiological exposures ;

frce inhalation of radioiodine. The NRC has an effort underway to 1

determine the extent to which radiciodine should be stockpiled for use
in emergencies resulting from accidents at nuclear power plants. This
effort is being coordinated with the Bureau of Radiological Health in
the Food and Drug Administration, HHS. FDA has recently approved
applications fsr manufacture of potassium iodine in tablet form and
is continuing studies on the health effects of this compound.

I expect that further guidance on stockpiling the drug for emergency use
by the public will be available early next year. When the NRC has nevelopeo
recomendations on the quantities which should be stockpiled and the distance
arouno nuclear power facilities where plans should be made for administering
the drug, the NRC will likely request FEMA to take the lead in seeing that
appropriate stockpiling and contingency distribution systems are put in
place by States or the federal government.

Sincerely.

Ortsinal signed by R. G. 5mith j'f4/
,

Lee V. Gossick
Executive Director for Operations

cc: Mr. William H. Wilcox
Acting Director
Disaster Response and Recovery
Federal Emcrgency Management Agency
Wasni..;*on, D. C. 20472

1755 543
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December 14, 1979
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Professor Frank von Hippel
Princeton University
Center for Environmental Studies

.. The Engineering Quadrangle _
--

. .

_ Princeton, New Jersey 08540 _ _ - - . . - c_ - .

_ ..-..n -
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Dear Dr. von Hippel
_ , .Q 1 , .;" .j:Ln;{

~

.

, , _

Thank you for your letter of June ll,1979 with a copy of your recent' letter'
to Science, regarding the distribution of. potassium iodide (KI) to the-. -.

public.in a. radiological emergency. Because there have been almost weekly
changes in the infonnation I could give you, I have delayed our reply until
now. .

,

'

The HRC Staff has been aware for some time that potassium iodide can be an
effective defense against excessive thyroid dose due to radiciodine intake.
The FDA issued a Federal Register notice (43 FR 58790) in December 1978.
This notice has the practical effect, as we see' it, of removing certain
previous restrictions to the non-prescription distribution of KI in an
emergency. In the Federal Register notice FDA also invited new drug appli-

cations for the mass production of KI tablets for over-the-counter distributioh
~

in an emergency. Recently, the FDA approved an application for the manufactur
of potassium iodide for use during emergencies. These actions by the FDA
remove the legal impedimen's to the provisions for mass distribution and
stockpiling of KI by State and Federal agencies.

Some concerns have been expressed by some members of our staff with respect
to provisions for the broadcast distribution of KI to the general public.
The enclosed staff memoranda on the subject provide some perspective on
these concerns. The staff is concerned that potassium iodide is only effec-
tive if taken shcrtly before or after radiciodine intake and protects only

| the thyroid, whereas other protective actions could provide protection for
all organs. In many instances, these other protective actions could be

|

| consumated before, and possibly more easily than, the broadcast distribution
I of KI. Of course, where inc ~ tutional controls can be maintained for lengthy

periods (e.g., in hospitals, . risons or reactor control rooms), KI has a
greater potential for use in an emergency.

.
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Dr. Frank von Hippel -2-
.

However, you will note in paragraph 2 of the enclosed August 15, 1979 memorandum
for Cocnissioner Ahearne from Harold Denton that the majority of the HRC
staff believe that the use of KI as a thyroid blocking agent is an appropriate

.

part of a complete emergency preparedness program. As part of our program '
for improving emergency planning activities, we will determine how KI can
best be integrated into a total protective action preparedness program.
Such a detemination will include an evaluation of the effectiveness and
reasonableness of KI distribution at large distances where post-accident
evacuation might not be feasible and sheltering might not be effective.

I have also enclosed a copy of a recent study by'Sandia Laboratories, -

, _ .
-

Examination of Offsite Radiological Emercency protective Heasures For Nuclear .-
Reactor Accidents Involving Core-Melt, which addresses the relative efficacies-
of evacuation, sheltering ano iodine prophylactics as protective measures.
As you can see from examination of the study, these protective actions could
provide benefits during radiological emergencies.

I am pleased that your letter'has prompt'ed the staff to bring these insights
to my attention, and I am glad to share them with you.

Sincerely,

John F. Ahearne
. . -

Enclosures:
1. Internal Staff Memos
2. Sandia Study

C/R fiOTE: This letter has been cleared with all Commissioners offic.e.s.
It was retyped in C/R to incorporate all Cmrs. comments and
this final version has been approved for signature.

DISTRIBUTION
SECY

ED0-6677
WKreger
Centon
MGroff
MParsont
Minogoe
Ryan
ELD

(Originated by Kreger, NRR) g{/'mpca s #2
~~ A 1-
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MEMORAl.DUM FOR: Commissioner Richard T. Kennedy .
.

-
.

Commissioner John Ahearne . .
*

'"' '

*==. r -

g--Executive Director for Operati'o'~ns"~'y, . . : . -

.

TERU: -

,

FR0th \ Harold R. Denton, Director
- Office of Nuclear Reactor Regulation

SUSJECT: USE OF THYROID BLOCKING AGEt!TS IN All EMERGENCY -

RESFot!SE PROGRAM
c

In your memoranda (dated June 22, 1979 and June k,1979) you ';
.

requested a review of a Dr. Von Hippel letter to Science as well .c
-

as answers to specific questions regarding the use of thyroid .m.blocking agents. He have reviewed the 'various material enclosed 'N-in your memoranda and are herein providing a few general comments -+
as well as more detailed responses to the specific questions.

_

-

Thyroid blocking agents are one pcssible means for reducing thyroid oexposure during a nuclear accident. Other means for reducing
exposure include shelter, respiratory protection, and evacuation.
Fcr the general public, we believe that thyroid blocking agents
would generally be less effective in an emergency than the other
protective actions mentioned above. This statement is based on
the following cc:7siderations: (1) thyroic' blocking agents protect
only the thyroid; and (2) potassium iodide, the drug most
frequently proposed as a blocking agent, must be taken shortly~

before or within two hours follouing intake (e.g., via respiration
or ingestien). Under many accident scenarios, shelter, respira-
tory protection, or evacuation would hppear to be easier to implement
ar.d potentially more effective than the use of potassium iodide. -

-
.

Contact:
F. Congel, HRR ~
27955

. .

9 D, .
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. Cc.t:n:issicner T.ichard T. ' Kennedy 2g

I Ccracissioner Jchn Thearne - -

-
-

-
. . .

.

d:cre institutional. controls could ~be-cchtihdously n:aintained i~or -

long periods of time, provisions for imcediate distribution of potassium
icdide could be desirable. Ecspitals, jails, c^ontrol roce.s, fire
stati.o'ns end. police departrents are examples of such places. The staff
is presently lopking into the possibility of requiring that reactor
licensees stochpile quantities of potassium iodido for situations in.
sk.ich peop1e would be uncvoidably exposed to, doses to the thyroi.d- in'

excess of 10 ren, and institutional control could be mair;tained for
long pericds of tir.e. -- .

,
,

The HP.C staff has been predisresed to requ' ire stockpiking of KI.
'

On
pcse 1.101-2 of I.nnex A to Eegulatory Guide 1.101 - Ecercency Planning'

._ for !!uclear Pc::er Plants, a copy of t.hich is attached, you will find
the stateaants: "Feasures that should be considered for perscns ~

.

uithin the exclusion area include.:.. 3. -Use of radioprotective drucs,. '
c.c. individual thyroid pr6tection". The footnote states: "The U.5.
Tcod and Drug Mr.inistration is presently developing guidance.for the

; use of redicprotective drugs". Ncu that. FDA has spoken, the TRC staff
,

:.ill be oceting with FDA in the near future to expedite consideration
of the r:atter.- -

.

. -

Detailed respcases to'ti:e specific questions'are contained in the.

enclosure. '-

'

-

C:Y.:' 2 "! J ..

, !!. n. : :4a - . g
,,

, Harold R. Denton, Director .

Office of Nuclear Ecactor Renulatica.

,

.

Encicsure: '
-.

Respo..se' tc Cc..cissioner i.hearne's Questions -

Concer:nng TFyrcid Pled:ing Agents_,

cc: Chairman !:.: . .'cic -

[
- Cecrissioner Tilinsky

'

Co.:r.issic::ar :cadicrd -
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RESPONSE TO CO."MISSIONER AHEARNE'S QUESTICNS .

CONCERNING THYROID BLCCKING AGENTS
. . .

Question 1
-

; .
s.< .

*
.

..

Is there other information on the side effects of thyroid *

blocking with potassium iodide? '

.

Response

The' Hational Council on Radiation Protection and Measurement's
~

.

(NCRP) Report.No. 55, " Protection of the Thyroid Gland in
the Event of Releases of Radioicdine", is the most authorita-
tive report on this subject. He are not aware of any mere
recent publications that would change the major recommendations
in NCRP No. 55.

,
-

Some side effects have been observed in the clinical use of
potassium iodide (KI). These side effects have ranged frca

,

blood abnormalities to severe reactions, including death. NCR?

has estir.ateg that the risk of an adverse effect uculd be between10-5 and 10- per clinical dose (300 mg). Risks for individuals
taking other drugs at the same time uculd be higher. The dose
required to block the thyroid (130 mg for an adult) is the saae
order of magnitude as the clinical dose.*,

_ . _

Gne of the licitations of KI is that it is only effective if
administered within aut et two hours after intake (see Enclosure 1).Consecuently, it would be necessary to either distribute the
drug very cuickly or to administer the drug prior to the release
of radioactivity. Since the effectiveness of KI decreases with
time, it would be necessary to administer daily doses throughout -

the ccur.se of the accident. Although the friquency of adverse '

effects per unit dose is not very large, sc.ie effects would be
predicted in a large population ever the ccurse of r accident.

*ssuming the a
(i.e., 5 X 10 jdpoint of the risk estimate given by NCRP No. 55effects /cdministered dose), if the drug were
administered to cne million persons over a ten day period, then

,

five adverse ef fects would be expected. Bas 2d cn very

"The cne rescrted death was associated with a dose of 15 ng cf KI .

.

O

.

#.

'
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death frca 10{cne death-out of 16S reactions), t'he' Yisk of onelimited data -

doses would be about 1 cut of 30.
.

Risks frca the drui; should be balanced by a reduction in radia-
tion dose to the thyroid. The liCRP has given some guidance in.
this area: .

*

"If the estimate of thyroid total absorbed dose is less -

than 10 rad, it may be preferable to consider instructir.g
pecple to remain ir.dcors and to await'further instructions,

,

before deciding to administer biccking agen+.s. If the esti- .

.
mates of the total thyroid absorbed dose exceed 10 rad, -

bicching agents should be considered." < .

The " Final Generic' Envirorc. ental Statement on the Use 'of Recycle - -

Plutonium in i'ixed Or.ide fuel in Light k'ater Cooled Reactors"
(l:U?.EG-0032) centains estimates of nortality ar.d cancer induction .

'frcm thyrcid irradiation. The risk of prenaturb death'due to
thyroid cancer is estimated to be abcut 1.3 prcc.ature deaths par
million thyroid 'rca frca internally deposited radioactive iodine.
Tne risk of thyroid ca'ncer and benign nodules fomation is about
25 tines greater than the risk of death. For ,a dose of 10 rem
to the thyroid (|;CR?'s guideline dese), the risk of adverse - -

reacticas Trca the drug (5 X 10-6 for 10 doses) would be about two
orders of magnitude belc9 the risk of thyroid cancers and benign
nodules formatien from irradiation of the thyroid (3.3 X 10-4).
For a dese of 10 ram to the thyroid, the risk of death from the
drug (3 X 10-8 for 10 doses) would be about three orders of .

magnitude gelcw the , risk of death frcm the thyroid cancers
-

(1.3 X 10- ). Eased on these considerations alone, the drug could
be given at an even ic,;er dose than reccmmended in l'CRP l'o. 55.

In addition to the side effects frc:n the drug, there is also the
_.

pessibility of injuries result.ing frca a mass panic to get the drug.
The liCRP cautions tha'-

.

| "The .hort- and long-term consequences of inhalation of radicactive
icdira are far less than the possible injury that might result-
from individual or mass panic arising frca efforts to cbtain the ,,

blocking agent, and this nodicum of ccam:n sense should be
remc.mbered by each person."

It appears that the ?;CRP guideline cf 10 ren to the thyroid has
some built in conservatism to take into account the possibility of ,-

a r. ass p.niC.
,

|
-

|
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|
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! Question 2' -
.

,

i
.

Should such blocking be advised as a part of',e .e'rgency response?*

;

i '' W''

.
*

' Pesponse ,
,

' '

Thyroid blocking agents, such-as potassium iodide (KI), are of some
use in an emergency. response program. However, other elements of

'

~an emergency, response program would probably be more effective .

in protecting the general public in most accideits. These elements .

include shelter, respiratory protection and evacuation. --

For leu doses of radiation (less than 1 re. to' the thyroid), the -

preferred response vrould be shelter and respiratory protection.
Uhereas XI would protect only the thyroid, shelter and respiratory .

,

protection would protect the total body as well as the thyroid.
Shelter would reduce the whole body gamma cloud dose by a factor
ranging frca 10% to 80%, depending on the building (see Enclosure 2). ,

'

Fcr puff releases (less than two hours of exposure), shelter would
reduce the inhalation dose by.a factor ranging, frem 15% to 65%,
depending on the building ventilation rate (see Enclosure 3).,

P.espiratory protection can be provided by ccccon household items"
.

; (see Encicsure 4). Several of these items could reduce the
! inhalation dose by about 90%. In most cases, a ccmbination of shelter

~

and respiratory protection would offe'r more protection than KI, without'

'

any of the potential- side effects of KI. ~-

,

t ,
' For higher doses of radiation (greater than 1 rem to the thyroid),
i it may be better to evacuate the population than to distribute the

KI. There has been much experience with mass evacuations. The

,

Environmental Protection Agency (EPA) has sumnarir.ad evacuation
| experience ever the time period 1959 to 1973.* This study has shown
; that masses af up to 150,000 persons have been evacuated safely in .

disasters. Distribution of KI during an evacuatica could hamper the
evacuation

~

'
-- Thyroid blocking acents would be useful for e ployacs and support

'personnel working near the facility. Thyroid bloching agents .

night be given to persons who could not 'ba eva:uated easily (e.g.,
'

hospital patients or convicts).

Estinates have been made of the thyroid dcse to the naximum off-site
individual associated with the Tnree Mile Island (TMI) accident.** -

The thyroid dcses from the 11C accident (less than 10 mrem) were cver;

j three orders cf i.:agnitude belcw the IEP.P guidelir.2s of .10 rem.
: .

| '' Evicuation Osi:s - An Evaluation, EPA-520/5-74-0:2.
"7cpulation fise and Hcalth Impact of the Accidant at the Three Mile;

| Island Nucle 2r Station'!, I;U.sEG-0558, May 19' 9./
. .

,

.- . ._ _ - - - . , _ _-_:_---_---- .-- . . _ - . .-__._-__D-__._
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- - Question 3 .
-

.. .-
-

i Should stockpiles uf KI be maintained?
~ $ % g *)i

*
t

**

"- -

.

'

Pesponse," ,

i

As stated in cur response to questions one and two, potassium iodide .
.

- (KI) may have a limited application in a protective action progra.m. .
.

Small quantities of ti;e drug dould be stockpiled for use by employees -

and support personnel naar the accident, as wall as institutionalized ,

persons v;ho could not be easily evacuated. Houaver, there would be little ..

use of this drug by the general public. Other protective actions r:ay
,

i offer greater re6uctions in risk from radiation without t,he side effects -

of KI. Ifnile the cost for producin'g the KI would not be excessive'

(Dr. von Hippel quotes a figure of one million dollars), the cost for
maintaining a large scale dist.ribution system over a ten or twenty,

*

'.
year period would be greater. Dua to its shelf life, it would be'

necessary to check the potency of the KI periodically. There is
little incentive to produce, on a large scale; a drug that may not -

-

ba used by the general publ c in an emergency.<
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Questien 4 is g i.

'Any ccaments on Professor von Hippel's material? '

,

P.esporise
,

'

Dr. von Hippel's paper, " Thyroid Protection for People Dounwind", .

*

-

overemphasizes, in our opinion, the effectiveness of thyroid blocking
agents. As stated in our response to questions one ano tuo, it is

~

it portant to recognize some of the limitations of thyroid blocking "

agents. First, thyroid blocking agents protect only.the thyroid.
Other protective actions such as shelter and evacuation protect cany
organs in addition to the thyroid. Secondly, there are logistic-

problems with storing and distributing potassium iodide. Fotassit:m
iodide has a finite shelf-life. Consequently, it would be nccossary

,

,
to check the potency of the tablets periodically. There are many -

problems with distributing anything during an cmergency. Distributing
! potassium iodide during an emargency might interfer with scme of the

mere effective protective actions such as shelter or evacuation.i

.

Although i:CRP discusses the limitations of thyroid blocking agents,
Dr. von liippel's article does not discuss these , limitations. .
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Figure Percent of thyroid blocking as a function of time (in hours) before or after a slug
intake of radiciodine. - *

.

'
. Ref: Radioactive Iodin *e in the Problem of Reactor Safety (USSR). '
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TA3LE'VI 11-7, T.EPF.EST. iT; TIVI 5:!!II.DI::C TACtO?.S TF.C?. GI': IA CI4UD Sou;:cr *
.

. .
.

Shielding) ,i .,, ;,raeteria *4 uprese .tative Pe . estructure or M atic;n

'
*

* *

outside 1. 0 *
,

-

. . .

1.0Vehicles * -
*

. s .

(b)*vesd-frase h2nse 0.9* - .

(no Mscr.cnt) . ..
. .

Inerent of vaoJ house 0.6 0.1 to 0.7 "'*

Ir.as:nry house (no hser.ent)
'

O.6 0.4 to 0.7 "I
"

'

I
2aserent of r.asonry house 0.4 0.1.to 0.5 **

,

* ' Large of rice or industrial' O.2 0.1 to 0.3 (*' '

.

bui3 ding .

(s) :"ne ratio of the Interior dose to the exterior, dose
(b) A we.od frame house with brick er stene vaneer is appioxir.stely equivale .t

,

*
.

to a rascary house for shleiding pur;oses.
*

.

~

(c) nis rar.ge is rainly due to different wall raterials and different gee. etries.
(d) ne reduction factor derends on where the persennel ' ate located withir. the .

building (e.g., the haserent or an in:Ide roc.sf.
..

*
. .

..

*!.'.'.5 H- 1400 .
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124 RESPIRATO?.Y PROTECTIVE DEVICES MANUAL j
.

.
.

TAB LE 11.5 .

.

. . .. .

RESPi?.ATCRy PROTECT!ON PROVIDED. BY COMMON HOU,SE*.0LD AND PERSONAL ITEMSp
AGAINST AEROSOLS OF 1 TO Sy P' RTi'CLE SIZEA

'' ..
. .

.

.

Number Geometric 95Pc Con!!denceNumber -

: of Resist- of Mean Limits for
Thich - ance, Obser- Efficiency, Mean, g,

'

.

Item nesses , mm of H O - vn: lens % Lower Upper2
_

. . .
*

Es.ndk e rchief, -

man's cotten 16 36 32 94.2 92.6 ,95.5 <

To!!ct paper 3 '13 32 91'.4 89.8 92.8
* -

*

Handk erchief,
man's cedon 8 .18 32 88.9 85.5 91.5.

,

~ '

Hand':er chief, ,

50.5
-

,

32 88.1 85.1man's cotten Crumpled --

Eath towel, -.

turkish 2 11 3 2' ' * ' 8 5.1 83.3 55.3
.

'

Dsth towel,
' *

-

73.9 70.7 ~ 6. 8turkish .1 - 5 30' .

Ded sheet, mesHa 1 22 32 '72.0 , 6S.S 74.9,
,_

*Uath towel, .

'turkish I (we ) 3 31 70.2 6S.0 72.3

Shirt, cct:ca 1 (wet) >150... 15 65.9 57.9 72.3%

Shirt, cciton 2
-

7 30 ' 65 5 E0.S 69.6.

.

un =eu e r e >.,e f.
- . .

~

wc: nan's cc: on 4 (iet) 3.;2 32 63.0 57.3 67.9
. ,

H:n:'ker chief, ..

Em:ds cc! en 1 (wet) SS 30 62.6 57.0 67.5.

' ~

Dress innterls!, .
__

cc::en 1 (wet) 1503 31 56.3 . , 49.6 62.0
,

liarn< rrchief,
wc.h..n's cc: ten 4 2 32- 55.5 52.2 55.7

S'!;, r: yon 1* 6 32 50.0 46.2 53.6..

C cts material, ,

cc::cn 1 5 31 . 47.6 41.4 53.2
.

Sh;rt, cetten 1 3 32 34.6 2'9.0 39.9
,

, ,

'

!?: .dkerchief
* ~

-

n..n's cct:on - 1 2 32 27.5 22.0 32.5

'

.esis::nce pt:2ined ;chen ch::ked 1:ntael; :::y after hand w !a;;!ng. Th!s resistance began to decren:a
-f:cr ah;; cne ntm ic when the :-n terird s:r. :cd to dry. .

,

. . .

.
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{ Q''1
In response to your July 30,1979. mecorandum on the above subject, a deetin;,

.7.T.'j
was held on August 3,1979 in which cembers of the !!RC staff who' have b'een

-~~h involved with this subject further discussed issues that bear on 'it. .'An.. ,

-

.' . ' . ' .- . ..
. -

. N. .. . .: attendance list is enclosed.. .

. '
'

.
., :: .. . .. _, ...;. ..

-
. .

. ... q,.; .
.. .

2dj In answer to your fui-ther cogents and question, and in sun'ary of the tect
tM, we provide the following information: .?- . '... . -

- -.

.
.

.
. . ,

. .

, - d..T.' 1. Our Julv 13, 1979 memorandun comment rec.ardina a meetino with FDA _"tc_- -

. expedite consideration of the matter" can be further explained as foll-' ei.M -

n'.N. -
The GSA Fedaral Register flotice of Decctber 24,1975 (40 FR 59424) on
Radiole';ical Incident Emergency Response Planning: Fixed Facilities 8M; Transportation, states the responsibilities as agreed between certain9

eiT Federal Agencies. 'In delineating responsibilities, the CSA notice ca!
lTff - the !!RC the lead egency in radiological incident energancy response pl

' 9d' ning, training and other.assis'tance covered in the notice. -EFA has,
:

f-J,:j -
arong other responsibilities, the establish ept of Protective Action

2t0 . - Guides, and recommendations as to appropriate protective actions which
1

57 can be taken by government authorities to ateli' orate the consequences
, " ~

' of a radiological incident. HEU has respons'ibility for assisting Stry .-

health departments, State hospital associations,' etc., in the develo;-.j U .. ~
~

il .. of plans for the prevention of adverse effects frca exposu're to 'radiu
~

. ':. [d including the use of prophylactic drugs to reduce radiation dose to sd
a['. This includes hecith and redical care responses to radit,

- ific organs.

,f.|.f@6.
-I d -

"'-~11ogical incidents, consistent with guidelines issued by.|{RC, - c.~. ;:7
I. ~ '

.- :: -- - .- - . . . ... .
._ --

-.1
-

w.. . . .... . .
.

. _ . i' .y.) ~ A meeting of 11RC staff with the Bureau of Radiolo'9 cal Health of F.DA -
eM

.

' scheduled for August 21, 1973. This nesting vill. discuss their plans,

.

providing further appropriate (medical) guidance, in view of the FDA ;
.

| 1.'' 3 - , posed guidance (43 FR 5879D) of December 15,1978 (still not fineli c:,' m -

establishing actions to be taken in the event of a centaminating iadi:' "~-3

ical ir.cident, and the rec.uest .(43 FR 50792) fcr sub .i::sicas of ncu 6..'., .. . ,.. ... .... ..... . . ., . , ' . . . . . . . . - .. . ,.- _ .._. .___. _ ,.. ..s.._._ ,,,_ _ ,_,,, . _ _ . _ . . . . . . . . . . . . .. . .
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1.5.E applications for potassium iodide in oral dosage forms for use as aThis latter request concluded that potassica,.-

f'E thyroid blocking agent. ,

":D iodide is safe and effective fot use as a thyroid-blocking agent in a
20$ - radiation emergency. FDA approval of cne company's drug application

.

5 is within a couple of weeks of being issued. -As mentioned in our earlier
,

'

resppnse, NRC R.G.1.101 already mentiens' that use of radioprotective,if.)
. - .

C' drugs should lie c'onsidered for persons within the exclusion area. , 3-
.U._,. j

~

;
.

. . g. . . . , . .. , . _ . . . . . , . .
. . . - - .

. , . . . . . . _ . . . . _ .,f ... . . . - .
.

.._ <., .

Ihr! 2. The majority of the staff present at the July 30 caeting agree that'the
Mi - .' use of potassium iodide as a thyroid. blocking agent in the event of - . . .

.possible inhalation or . ingestion of radiciodine is an appropriate partiM .' :c -

of a complete emergency preparedness' program. A complete program would#.3 .., '' . include counterceasures such as source interdiction,'. sheltering, evacuc-
,

F" -

tion, respiratory protection, protective clothing, ipporting of foodstuf-. [I.-
.

4.N and water, decontamination, chemical treattent and others. Tne maior
' M.

- -. reason that some staff tembers disagree on use of KI-is that,.they believ.
' .3!

~ that other ceasures in the above list are tore important.for test radio-
~

'
- '

logical incidents and that a widespread stockpiling requirement for KI. J.'i
'

.2- -
- would not be cost effective. It is our intention, hovtever, to press for

.

M '" FDA action in their role as the agency to supply medical guidance, as
'O'~ discussed abore. This will be a subject for the August 21. neeting. .. _

.4

-9 ~
3. The action pian for promptly ir. proving (licensee) c ergency preparednessb4 ~

,

has been forwarded as sECY 79-450 of July 23, 1979, an inTor:.ation repor
:-5.5 Unile that report does not specifically address the use or, KI, upgrading

of licensee plan's to meet the guidance of R.G.1.101 will include the--
'

.
.

}review of their plan to use radioprotective drugs.
: c ..e . .
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ME".0?.GDUMFORE Harold Denton, irector, NRR -

9
f.

FROM: John Ahearn'e I7 u.g .

'
,

-

. J . .

SUBJECT: USE OF THYROID DLOCKING AGENTS
--

-

.
. . .

.
.

. .. .

~ ~ ' . .

Thank you for your memorandum of July 13 on t'his su'bject. As yo"
.. . .

- --
.
.

pointed out "The NRC staff has been predisposed to require stockpiling - .

of KI." You also noted that the Reg Guide .l.101 reco.nendation was
'qualified because the Food and Drug Administration had not developed

guidance'for the use of radioprotective drugs.
,

,

I understand the FDA has published a Federal' Register Motice on the
use of KI indicating that it is effective and the FDA does not have any
problem with its use.

,

. .

~

Your July 13 me.T.Orar.dum indicates that "The NRC staff'will be
_ <

-

cesting with FDA in the near future to expedite consideration of the
'

.

matter." I would appreciate knowing what it is that must be expedited.
and wher, the meeting with FDA will be held. Also, I conclude fro;;. your
asacrandum that it had only been FDA in action that__had prevanted the
"C fro-- re:uiring stockoiline of Mi.filow that the FDA has acted, do we

.
,

it.ter.o to u. pose su n a requirement? * -

_

.

..

.

.

| .. cc: Chaircan Hendrie . ,, , ,, , ,.

| Cc.missioner Gilinsky
' ' ~

-- .. ..

l Ccmaissicr.er Kennedy . . .

Cc aissioner Bradford
Sc~
Eb3~/ . , . . ..

..

|
. . . . .

: .

| . ']
I

j. .

|
RDC'd Nf.EDO'

nh o m . . . . . 7 : / . ..-...,.-
.
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MEM0FANDUM FOR: Chairman Hendrie -
.

'

Commissioner Gilinsky '.

, Commissioner Kennedy-

Cor.issioner Bradford .

FP.0M: JohnAhearneh h
SU2 JECT: ACCIDENTCONSIQUEtiCEMITIGATI50 STRATEGIES

''
~ '-

-

'

The staff recently supplied me with answers to some questions .

raised'by Frank von Hippel concerning the use of KI. In his comments prttheir answers, Frank points out:
. *

. .
-

The [NRC] staff memo suggests that, "for doses g"
greater than 1 rem to the thyroid it may be better
to evacuate'the population than to distribute KI." .

It then goes on to discuss an EPA study which "has
shown th.at masses of up to 150,000 persons have
been evacuated safely in disasters" (p. 3) . . . .

'

To illustrate the scale of distances involved, I ~ ~ '

do a simplified calculation in the Appendix [ attached]
which shows that, for 1131 releases of the order 'of
ten percer.t from a 1000Mw(e) reactor, thyroid doses
could be above'l rem for hundreds of miles downwind. iExcept for ccastal sites where the plume is blown.

out to sea, the population which would have to be
evacuated according to the staff's criterion would be
on the order of one million over an area of thousands - -

of square miles. If the plume blew towards an urban
area (e.g. , tcwards New York City from Three Mile
Island), the population which the staff would propose
to evacuate would be on the order of 10 million. The
logistics of this effort with shifting winds, un- *

trained persennel, and limited transportation capa-
bilities boggie my mind. I would suggest that the

.

staff be asked to work out a plan which would make ''

their stratecy credible assuming a 10:; release to
the atmosphere of the radiciodine in the TMI .1 core.

.

.

~

.
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ZZLF They should include a ' discussion of the number
- .

~g[p" - of people and areas which would have to be-

evacuated for various wind speeds and directions.

F
and the amount of time which would be available.

to accomplish these evacuations.
. .

Ele then proposed the NRC . ; , , c, ..
.

.

.

" develop accident consequence, mitigation strategies
- .,

beyond the evacuatioh of populations 10-25 miles
downwind; I would urge the NRC to give high '' . . .

priority to the initiation of a policy study on
.

'

consequence mitigation strategies including people
-

from the NRCi FDA, states, (California has already -

had a task force study the subject), and outside
-

.

technical critics of the status ouo.".

.

I believe this is a sound proposil and request your support.
'

*

.

-
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CtNTzR FoR zNViRONMzNTAL STUDits
'

THE ENCINEERING QUADRANCLE

PRINCETON, NEW JERSET o8540
. .

.
. ..

' '

June 11,1979.

.

Mr. Joseph Hendrie, Chairman - *

Nuclear Regulatory Commission
1717 H Street, NW

,

Washington, DC 20555
.

, .

._ .

Dear Joe:
,

'Because of your involvement in policy-making relating to blocking -

the uptake of radiciodines by thyroids downwind from nuclear accidents,
I though that you r.ight be interested in the enclosed letter to Science
which su=narizes in a convenient form some of 'the relevant background
infor=ation.

Sincerely yours,

/1 1 --

dM

Frank von Hippel

FvH/jp
Enclosure. '
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' accident, and, in any case. thy rc
* i

tection was nit provided for peop,
* *
,

- ' than a few tens cf miles from't,
dent.,

The containment building did

@ @Q during the accident at Three Mile
, It would be tempting fate, hom

delay much longer in having thyr
tection available nationwide.

. FRAss v6N
Centerf'or Energy and.Environrr,

Available Thyroid Protection risk of developing thyroid tumors could Studies. Prinicron finiversity,

extend to great distances. Ten to 60 per- Princeton New Jersey 03540

Public attention has focused on the im- cent of exposed children 200 miles down-
" * "'"

mediate risks to the people nearby from wind could eventually develop thyroid
a major release of radioactive gases in a tumors after a larEe re':ase of radio. I-[ [ c % Q Y g*, d [ Q
nuclear. reactor accident. Many more iodine, according to an estimate m'ade in tur. 55. 519 (197g
people up to hundreds of miles down- 1975 by the American Physical Society's 2. g,y,gg 7 ,1.$*'UN'

wind could, however, be afflicted by reactor safety study group C). Bahimore P 5109.
3. R. Cole. Inhalcnon of,,Radiosodine I.n about 60 miles from Three Mile Island: ..,: us o,d, .ns c u,,,,,,,,,thyro.d tumors over the fc!! owe.g dec-i

ades as a result of the inhalation of radio- Wilmington, 70 miles; Washington and gggSg Amc., Bdnpn
active iodine. Philadelphia. 90 miles; and New York. 4. Na6onal Counc0 on RadhGon Pron

Fortunately, this threat to the thyroid is 160 miles. $^5yOjj,'[,'|",*;fgay,

the radiation risk most easily defended The evacuation of such large cities 55. washirg. D. C. 19771.
against. The number cif thyroid tumors would be impractical in the time avail- 5. jrgs $fDece'nUr th"Y "#
caused by a reactor accident could be re- able once it was known that a cloud of 6. R. Remhold.New fort Times. 4 Ap-

^*
duced 10- to 100-fold-but only if pub- radiciodine was being blown toward

lic health authorities take the trouble to them. The absorption of radioactive io- .

make the necessary prepa-ations. These dide by the thyroid can be blocked. how-
preparations had not been made at ever, by taking a large dose of non-
the time' of the Three Mile Island ac- radioactive potassium iodide. the form of
cident, and it is still not clear whether iodine present in iodized salt. This strat-
they will be made to protect against po- egy is well known among health phys-
tential accidents in the future. icists and, according to a study done for ,

The risk to the thyroid is especially the Defense Civil Preparedness Agency
great in case of a reactor accident for in 1972, it would cost only about 51 mil-
three reasons: lion to stockpile enough potassium io-

= Radioactive iodine is produced co- dide pills for the entire United States 01.

piously by the fission process: To be most effective.potassiumiodid.e
* Radiciodines are among the first cle- would have to be taken before the cloud

ments to boil off from damaged nuclear of radiciodine arnved-and the warning
fuel; and time could be very short. Stockpiling

* A large fraction of the iodine which would therefore have to be accompanied
4 "Ad by the human body concen- by a public information program and the
trates in the thyroid. organization of a rapid distribution sys-
As a result the thyroid radiation dose tem. N-ither the electric utilities nor
downwind from an accident could be their regulators have been eager to make
tens to hundreds of times higher than the- these arrangemer.ts.
dose received by the rest of the body. Nevertheless, the National Council on

That the thyroid is sensitive to radia- Radiation Protection arid Measurement
tion-especially dunng childhood-has endorsed the thyroid blocking strategy *

been well established as a result of the in 1977 m and the Food and Drug Ad-
ovetenthusiastic use of x-rays for the ministr.tt:on (FDA) approved the use of
treatment of various real and imagined potassium iodide for this purpose in De-

, illnesses during the first half of this cen- cember 1978 (5).

tury/ Many thousands of children re- At the time of the Three Mile Island
ceived very large doses of x-rays to their accident potassium iodide was not yet
thyroids during this period and have as a available for mass distribution in the

,

resuh experienced a much higher than proper dosages. The FDA therefore or-
normal risk of developing thyroid tu- dered large-scale production on an emer-

mort. Fonunately,it appears that thus far gency basis and within a few days had
very few of these tumors base been fa- flown enough into Harrisburg for more

~

tal U ).
than a half a million people (61

The area downwind from a nuclear ac- But this would have been too late if the
.

cident in which there would be a high containment building at Three Mile Is-
SCIENCE
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For: Tho Enmmiu innom .'*

''

Thru: Acting Executive Director for Operations
s. u

From: Harold R. Denton, Director
Office of Nuclear Reactor Regulation

Subject: RADIATION PROTECTION - THYROID BLOCKING
*

Purpose: To obtain approval for issuance of an interim policy statement
with regard to the stockpiling of potassium iodide for use
during reactor emergency conditions. (Enclosure 1)

Discussion: During the past year there has been a resurgence of interest
in the use of potassium iodide (KI) as an emergency protective
measure for serious reactor accidents. To develop an adequate
rationale concerning the storage of KI, it is necessary to
evaluate the notential benefits, and potential risks and also
to evaluate f:e costs associated with its public use. This
paper summar'. es the results of a study (Enclosure 4) perfonned
by Sandia Laboratories for the Office of Research and the NRC
staff to provide the needed technical basis for establishing
a policy concerning the storage and maintenance of KI for public
use in an emergency. After tre NRC has made an assessment

' as to the extent to which the drug should be stockpiled for
use around nuclear power plants, the stage would be set for
FEMA to select methods of stockpiling and distribution and>

for State health authorities to make decisions on use of the
drug during actual emergencies.

| The Sandia analysis was perfonned using a modified version
of the Reactor Safety Study (WASH-1400) consequence model.'

Four categories of accidents were addressed: release of gap
activity to the containment, release of gap activity without
containment isolation, core melt with a melt-through release
and core melt with an atmospheric release. Thyroid dose cal-
culations show that gap release to the containment does not
pose a significant health hazard to the public at any distance
from the reactor. For a gap release without containment
isolation and melt-through categories, doses in excess of
recommended protective action guidance levels (PAGs) (5-25 rem
to the thyroid) are confined to areas within approximately
10 to 15 miles of the reactor. For a low likelihood core
melt with a direct atmospheric release, however, thyroid doses
may exceed plume pathway PAGs at distances of 100 to 200 miles.
These results are consistent with the results of the NRC/ EPA
task force report on the recommended planning basis for offsite
emergency preparedness.

: Brian Grimes, NRR pg% 9 , c, s /

s CHR'
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A cost-benefit analysis for the use of KI was performed
by Sandia, the results of which are sumarized in table 1.
Cost-benefit ratios ($/th

'

assuming that no other p'yroid nodule prevented) are givenrotective measures are taken. (KI
would protect only the thyroid, not other body organs, and
only from radiofodine, and then only if ingested within
about 2 hours after radiciodine inhalation, or within about
12-24 hours before radiotodine inhalation.) Other key
assumptions made in perfonning the analysis are also noted.
Uncertainties due to health effects parameters, accident
probabilities and costs were assessed, as well as the
effect of other potential protective measures, such as
evacuation and sheltering, on predicted ratios. The
potential impact on children (critical population) was also
evaluated. The estimated cost-benefit ratios are high, and
it appears that the distribution of KI to the general public
is at best marginally cost-effective even close to a nuclear
power plant.

Finally, a simple risk-benefit anal
published Federal Register Notice (ysis, based upon the FDA43 F.R. 58798, December 15,
1978) showed the risk of adverse reaction posed by XI to be
small at the recommended action levels and dosages. It should
be noted, however, that recent reports (see Attachment 2)
indicate that there is a significantly higher risk associated
with use of the drug among certain segments of the population.
Because of this, the NRC has requested the FDA to provide
additional guidance on the conditions under which potassium
iodide should be administered to the general public (letter
from J. Hendrie to P. Harris dated November 21, 1979). Until
this review * is complete, an NRC recommendation for extens,ive
stockpiling of the drug for general public use would be
premature. A conference on Nuclear Reactor Accidents and
Iodine Prophylaxis will be held in June (see attachment 3)
during the National Meeting of the Endocrine Society which
also bears on this aspect. It is the staff's recommendation
that the Commission adopt an interim policy encouraging storage
of potassium iodide for use during a reactor accident of quantities
needed for the following segments of the population where

| controls can be clearly maintained for the required lengths
' of time:

1. Site personnel; <

2. Offsite emergency response personnel; and

3. Offsite institutions within about 10 miles (e.g.,
hospitals, prisons) where immediate evacuation -

may be infeasible or very difficult.

|

I
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TABLr, 1
.

.

a
SUMfGRY OF'KI COST-BENEFIT ANALYSIS

KI Purchase Cost ($/ year)
bDistance Interval Cost Benefit Ratio

(Miles) 100 people /sq mile 1000 people /sq mile ($/ thyroid nodule prevented)

0-5 790 7,900 320,000
5-10 2,400 24,000 420,000

10-25 16,000 160,000 730,000
25-50 59,000 590,000 2,000,000
50-100 240,000 2,400,000 6,200,000

100-150 390,000 3,900,000 20,000,000
150-200 550,000 5,500,000 42,000,000

a Key Assumptions

1. 99% effective KI (i.e., all persons take drug before cloud passes).

2. No other protective measures are taken.

3. WASH-1400 accident probabilities.

4. Estimated cost of KI program = $0.10 per person per year. Cost includes only
purchase price of KI, but not the storage, distribution, monitoring and administrative
expenses.

5. Only 1 reactor (3200 MWt PWR) within distance indicated.

6. WASH-1400 dose-effects coefficients (assumption of a 0.1 effectiveness factor
for I-131 dose would increase the costs per benefit received by about a factor
of three).

buncertainties are large and scale approximately proportional with assumed KI effectiveness,
accident probabilities, cost, multiple reactors, and dose-effects coefficients.
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Since the use of KI may have possible hamful side effects
for certain individuals, the proposed policy statement suggests ,
that the persons who would administer KI be made aware of this
fact in advance and that those to whom the KI is administered
be alerted to this at any time it is distributed.

A proposed policy statement which expresses this interim
position is provided in Enclosure 1. The Sandia report is
being provided to FEMA, HEW, to certain State and local
organizations involved in emergency preparedness and radiation
protection, and to certain individuals for any coninents they
may wish to make.

Recommendation: The Comission approve the interim policy statement in
Enclosure 1 which encourages stockpiling of potassium iodide
for onsite and offsite emergency workers and for certain
institutions within 10 miles of nuclear power plants.

The Commission should note that:

(1) On completion of the FDA review of effects of potassium
iodide on certain segments of the population and after
receipt of any coments on the Sandia study, the staff
will bring the matter again to the Comission for a
policy decision on the extent to which potassium iodide
should be stockpiled for use by the general population.
The Sandia report indicates that, even using costs which
are clearly underestimated, if the cost / benefit ratio
were the only decision criterion stockpiling for the
general public would not be warranted. However, the
absolute cost may be low enough that a policy judgment to
encourage national or regional stockpiling of the drug
could be justified provided the FDA review on side effects
indicates general distribution is acceptable.

(2) The staff will discuss with FEMA incorporation of the
policy guidance into the joint NRC/ FEMA criteria for
radiological emergency response plans. (The criteria
now require plans for distribution to onsite and
offsite emergency workers but contain no guidance
on institutions.)

li

|
!

|
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Coordination: The Office of Research, which participated in the Sandia study,
concurs in this recommendation. The Office of the Executive -

Legal Director has no legal objection.

/ MS$
Harold R. Denton, Director
Office of Nuclear Reactor Regulation

Enclosures: *

1. Interim Policy Statement
2. Recent Reports on Side

Effects
3. Conference Announcement
4. Sandia Study (under separate -

cover) SAND 80-0981;
NUREG/CR-1433

Commissioners' comments should be provided directly to the Office of the Secretary
by c.o.b. Thursday, June 5, 1980.

Commission Staff Office comments, if any, should be submitted to the Commissioners NLT
May 29, 1980, with an information copy to the Office of the Secretary. If the paper
is of such a nature that it recuires additional time for analytical review and comment,
the Commissioners and the Secretariat should be apprised of when comments may be
expected.'

!

DISTRIBUTION
Conmissioners

i Commission Staff Offices
Exec Dir for Operations

i ACRS
-

Secretariat
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Enclosure 1
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NUCLEAR REGULATORY COMMISSION

Statement of Interim Commission Policy on Stockpiling Potassium Iodide ,

'

For Use During a Reactor Accident
'

-

i

STATEMENT OF POLICY

The Nuclear Regulatory Commission has adopted an interim policy on the stockpiling

of potassium iodide for use during a reactor accident. The Commission encourages

storage of potassium iodide for use during a reactor accident of quantities

needed for the following segments of the population where controls can be clearly

maintained for the required length of time:

1. Nuclear power plant site personnel; ;

2. Offsite emergency response personnel; and
i

3. Offsite institutions (e.g., hospitals, prisons) within.about 10 miles of

reactors where immediate evacuation may be infeasible or very difficult. .

.

'

Although the effective use of potassium iodide could significantly reduce the |

number of thyroid nodules resulting from a serious accident, it wculd have

little or no impact on other accident consequences; including immediate deaths '

|

or injuries, delayed cancer deaths, and land contamination. Therefore, the
i

availability of potassium iodide provides only a supplemental strateay to be
1

considered along with other possible protective measures.

SUPPLEMENTARY INFORMATION |

During the past year there has been a resurgence of interest in the use of |
|

potassium iodide (KI) as an emergency protective measure for serious reactor
1

accidents. To develop an adequate rationale concerning the storage of KI, it

is necessary to evaluate the costs, potential benefits, and potential risks

|

|
|

__
)
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associated with its public use. A study has been perfonned by Sandia Laboratories

and the NRC staff to provide the needed technical basis for establishing a policy ,

concerning the storage and maintenance of 'XI for public use in an emergency.

The Sandia analysis was perfonned using a modified version of the Reactor

Safety Study (WASH-1400) consequence model. Four categories of accidents were

addressed: release of gap activity * to the containment, release of gap activity

without containment isolation, core melt with a melt-through release and core

melt with an atmospheric release. Thyroid dose calculations show that gap release

to the containment does not pose a significant health hazard to the public at

any distance from the reactor. For a gap release without containment isolation

and melt-through categories, doses in excess of recommended protective action

guidance levels (PAGs) (5-25 rem to the thyroid) are confined to areas within

approximately 10 to 15 miles of the reactor. For a low likelihood core melt

with a direct atmospheric release, however, thyroid doses may exceed plume

pathway PAGs at distances of 100 to 200 miles. These results are consistent

with the results of the NRC/ EPA task force report on the recommended planning

basis for offsite emergency preparedness.

A cost-benefit analysis for the use of KI was performed by Sandia, the results

of which are sununarized in table 1. Cost-benefit ratios ($/ thyroid nodule

prevented) are given assuming that no other protective measures are taken.

(KI would protect only the thyroid, not other body organs, and only from

radiciodine, and then only if ingested within about 2 hours after radiciodine

* Gap activity is the limited amount of radioactive gaseous material which
collects within the tube which holds the uranium dioxide fuel pellets during
normal reactor operation.

,
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inhalation, or within about 12-24 hours before radiofodine inhalation.) Other

key assumptions made in performing the analys,is are also noted. Uncertainties '

due to health effects parameters, accident probabilities and costs were assessed,

as well as the effect of other potential protective measures, such as evacuation
^

and sheltering, on predicted ratios. The potential impact on children (critical

population) was also evaluated. The estimated cost-benefit ratios are high,

and it appears that the distribution of KI to the general public is at best

marginally cost-effective even close to a nuclear power plant.
.

Finally, a simple risk-benefit analysis, based upon the FDA published Federal

Register Notice (43 F.R. 58798, December 15,1978) showed the risk of adverse
,

reaction posed by KI to be small at the recomerded action levels and dosages.

It should be noted, however, that some recent reports indicate that there is

a significantly higher risk associated with use of the drug among certain

segments of the population. Because of this, the Commission suggests that the

persons who would administer XI be made aware in advance that KI may have

possible harmful side effects and that those to whom KI is administered be alerted

to this during any distribution. In addition, the NRC has requested the FDA

to provide additional guidance on the conditions under which KI should be:

administered to the general public. When the FDA guidance is received, the

( Nuclear Regulatory Comission will again consider the advisability of stockpiling

KI for use by members of the general public during a reactor accident.i

j FOR FURTHER INFORMATION CONTACT: Brian K. Grimes, Program Director, Emergency
|

| Preparedness Program Office, Office of Nuclear Reactor Regulation, U. S. Nuclear
l
'

Regulatory Commission, Washington, D. C. 20555, phone 301-492-7415, or

|

|

- .- . .
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Roger Blond, Probabilistics Analysis Staff, Office of Nuclear Regulatory Research,1

1

i U. S. Nuclear Regulatory Comission Washington, D. C. 20555, phone 301-492-8388. .

Dated at Washington, D. C., this day of 1980.

F0P THE NUCLEAR REGULATORY COMMISSION .
,

.

!

Samuel J. Chilk'

Secretary of the Comission
.
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SUMMARY OF KI COST. BENEFIT ~ ANALYSIS.

.

KI Purchase Cost ($/ year)
bDistance Interval Cost Benefit Ratio

(Miles) 100 peoole/sq mile lf 00 people /sq mile ($/ thyroid nodule prevented)
'

0-5 790 7,900 320,000
5-10 2,400 24,000 420,000

10-25 16,000 ' 160,000 730,000
25-50 59,000 590,000 2,000,000-
50-100 240,000 2,400,000 6,200,000

100-150 390,000 3,900,000 20,000,000
150-200 550,000 5,500,000 42,000,000

"Kiy Assumptions

1. 99% effective XI (i.e., all persons take drug before cloud passes).

2. No other protective measures are taken.

3. WASH-1400 accident probabilities.

4. Estimated cost of KI program = $0.10 per person per year. Cost includes only-
purchase price of KI, but not the storage, distribution, monitoring and administrative
expenses.

5. Only 1 reactor (3200 MWt PWR) within distared indicated.

6. WASH-1400 dose-effects coefficients (assumptf or$ of a 0.1 effectiveness factor
for I-131 dose would increase the costs per benefit received ~by about a factor
of three).

.

r 1'

buncertainties are large and scale approxSiately proportional with assumed KI effectiveness,
accident probabilities, cost, multiple reactors, and dose-effects coeffir innte
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3. J. G. Cural, et. al. , Potassium Iodide Sensitivity in Four Patients
with Hypocomplementemic Vasculitis, Annals of Internal Medicine,
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4. B. J. Rosenstein, et. al. , Iodide-Induc d Hypothymidism without a
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Potassium lodide Sensitivity in Four Patients with Hypocomplementemic
Vasculitis -

.

JOHN G. CURD. M D.; HENRY MILGROM M.D.; DONALD D. STEVENSON. M.D.; DAVID A. MATHISON.
M D.: and JOHN H. VAUGHAN. M.D.; La Jolla. Cahforrua

-

Duririg metabohsm studies of radiolabeled proteins in not otnerved in the other 122 partwipants in the metabolism
126 participants four patients were suspected of being studies. These participants meluded 57 patients and 65 normal
sensitive to potassium iodide (Kl) because they adults. The 57 patients comprned 44 women and 13 men, with
repeatedly developed urhcaria and other symptoms after diagmnes of rheum.aloid arthritn in 44. systemic lupus erythe.Kl admemstration. Two of the four patients suspected of K1 mannus in seven, cryoglobutmemia in three. heredit.ary angi.
sensstmty and 10 control patients were orally challenged oedema in imo. .and chronic une.ana m one.
with Kl to document and characterize Mi sensitivity and to ust uwm n

| svaluate the possable associaticn(s) of Kl sensstivity with
C.ne 1 Patient A was a 47 ye.ar old white woman withurticaria, hypocomplementerma, and vasculitis. Thp Kl

challenges in the two sensitive patients precipLled chronie idmpathie urtwaria. Acute urticarta occurred when she
urtocarea, angioedema, polymyalgias, congunctivatis. and U ad smalsed. In 15364 shnunc idn>p.athac urtN.ana and
coryra. One of these two patients also developed a severe aud's phemunen.a began. Smse Iw>4 mes rmncnt .abdomi-
systermc illness characterized by fever headache, nal .ingmedema end laryngeal edema one episode of giant-

peritotutis, episcientss, and pneurnonitis. The four g;,g ut the fbot. .md d.ady urticarta of the f.sce, trunk. and
sensative patients were strilungly similar in that they estreimnes h.sve occurred. 'l reatment h.n cornnted pnmarily of
itshabited hypocomplementemia and dermal vascuhtis antihntamme medicatumt The famdy hntury mcluded one un-
associated with chromc urticaria or systemic lupus de in whom chrome urneana developed after penicilhmthera-
trythematosus, suggesting that other patients with similar E

chrucal features may be sensitive to KI and that Kl may he physical en.ammainm rescaled m.sny urticarial lesions
precipitate severe systemic aliness en them. shas decreawd m the ahennsus l'ctechiae hase not been oh-

wrwed. I.ahinatory findmgs were unrem.atkable cacept for a
mddly clevated sedimentatum sate decreawd total hemolytic|o08131

*

ANil tol):NI adnunistration in patients rarely has tomplement. Inw CIq levels and the presente of 75 Cly precip-
been .swis s.aled with sensitisi.ly re.ictions. The reported '""s trat 'e 1). A skan hiopsy in 1975 rescaled a vawulita simi-
winitnity reactions h ne been extremely diverse and m. 1.ar to thus ohwrved ni Panene C. Acute esacerbations of her
cluded acute skin eruptions, angioedema. fever, iododer-- urts ri.: occurred on the wcond. thud. .and saith days of the

meta. dnm study.
ma. pulmonary intilirations, and periarteritis nodosa (1- C.nc .?. Panent 15 w as .i .47 > e.ar-old w hoe woman with m-
1.9 lletween 1974 and 1978 we administered potassium Hammatory .arihnen smse age .t T he imtial diagman *as juve-
ushde (Kl) to 12h adults who p.articipated in snetabolism rule rheumatoid .arthntn I teas ment with gold precipitated a
studies of radiol.nbeled prolcins. Durmg these studies four skm rash. Fesers, my.algi.n. skm rashes poly. croutis, thrombo-

cy topensa. R ay na ud's phenornena. ;a n gn .eds ma. and dermalj patients, dewribed m thn rtport, repeatedly eshibited vawuhen sutwcquently hase descloped .n well as animuelcar
| chnn;al sigtn and symptoms attributable to K1 sensitiu- 3""N'd'es and hynwomplementenua, substannanng the diag.

iv. I wo ol' the Ibur ensitne patients were orally chal--
nosh o enne upus end.cniannus Deainient has consisted

lenged with K! m older to document KI sensitivity and of s.arymg ihn.iges of aspum. psedmume. shlorambu6d. .and
,

p,opranch d
to study the K| setniinity reacitons. Our studies suggest 1 he ph ucal es.nnmamm showed m.a: Led subungu.al crythe-3

t h.a t hy pocomplemenicmie s asculitis in patients with ma, small dignal mfarttuun, and derm.at maarctions bilaterallyI
thanne utttears.: or systetute lupus erythematosus may "'''h'"'"'''** PC'" h ''' * * '' ""' P''*"' ' '"P' d "'i" 8
he awociated with Kl sensitivity and that K1 can precipi- one epnode of thrombw>iopenne pur pui.s Pers.articul.ar swell.

late hlbthicalening systemie illnew in sensitige persons. mg w.n pn wns no the hands w rnts cibows, shoulders, knees.
and feet. Mdd hypercucmmn defortmucs were prewns in sever-
al proamul micrphalangeal jomes of the h. ands A nems.a. leu.

Sub eCts and Methodsi kopema, lymphoperna. thtomboc)topensa, proteinun.a (l.9 g/24
,. s t o N e o s a s h) .and .an abnormal unnary wd ruent .n well as the scrologic
Smse 1974.12o . adults h.ne parnupated m metabohsm stud- abnorm. shun of systenue lupus cr)thematmus were present'

in os f adiolatsled protems at Se npps Chnte and Research froni No to i Iable la A skun bn.psy m 1970 showed
I oundation. All parnupants retened K1 to.$ gi numerou, vawtahns wnh round cell .and p.ly morphonucle.ar cell mtutra-.

g tunes durmy the studies to bh.ek thynnd.nl uptake of radio-to- non .as well .as immunoglohulus der.netion .it the derm.al.epider-
dme in rescue studies KI w.a gnen on the first, second, third, maljunction. T he Kl wmitn ny reactunn were obwned durmg
snth. .and lish day of the studies Review of the re6ords ut .all two wparate inctabolnm studies done in 1975 and 197R. Durmg
partiu pants rese.aled that four panents repes'edly descloped the first metabolnm study. urtic;ars. descloped on the low back.
simun n) re.asuom .atser Kl adnunntrainm. The c.aw reports of 8h'S ' 'nd buttocks on the wcond d.ay and was mnt.akenlyh
thoc tout panents .ite presented below Senutasin to Kl wa, annbuted to local irrnanon Durmg the wsond met.shoinm'

I study, urtic.an.s desclopeat ne.as the cihows .ind on the lower
e . . o t y o . . . .e a s...., a m y... n ....a u. .so .,u e.. ..,. .e. .g esItennnes on the i od anti titth days I he urlesan *as .se.s .sv i .a u . % ... s . a i s s..is,. caa. 6ompamed by m) dge.n amt los t
u s.a m.v,... m i. i.,n u m m n n ,, .m,, .%,,m ,,, i.,,, m ,,,.' 853
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Table 1. Laborstory Evaluation of Potamum lodede Senseteve PItsent3

l'acierit Normal
Laboratory Valuo*

.

A Il C D

3J: 32 42 34 37 47
Hematocrat. %,

45tul 39:Ht 6 5i11 3N uit 18 411 Nul
aLeukocyte count. mm 113 22) t38 84) 113 301 144 94) < 20

Sedimentation rate. mc 4 o o o a.[I2po] < l Ito ,

Rheumatoid factor
Il + [256] o + r ys6) <I4-

Animuclear antihudies te oo ,
Anti-Sm di -6 11 o o
Ants RNP 4 55 o 15 < 10
Ann-DNA hmding ratio %

Immunoglobulm levelimr dL
lant 172N 'M ui 2625 650 Iml

G 21.1 IN2 ItNI 375 le al 'sel

H4 172 168 280 asi-2tusM

Ra3iimmune complews.,g equivalents of aggregated gamma ghibutm i12 25) >ftus il - So < 12A

112 623 to 311 IM 311 to 26t 1.tl 61
CH , umts 21 75 lis)32 -

Cl actmt>! 29 4M ltX)
27 -

C2 activit): 44 31 38 54 10)
C3 activit>t 15 25 24 100
C4 activit>I ! O .183 Ill to 263 58 100
Ciglevel! o o+ o -

75 Cl4 precipism

* 1 B ondicases sanse of several descrrninauuns. & sadecaics .kiernunauun es pouiswe. ( ) ende%stes seruns Jelunues 44 punnews dsistmonanon. The i$saki<t suuni. Couerie s
isst. % DR L heterophd, and hep.euses 8 anusen test wef t norsnal ur not dete. ted en .elt tour gunwnts,

f P.esespis 8 and D fiaw lymritsugwna.i.
* Comsdsvens som,winene .s6hvuors 4the Clea tsvsis are supre sed as per6 ens of mn:asurveinesse be imuuled e ormal scruese.

Case 3: Patient C was a 35. year old white woman with a 3 lymphadenopathy rewived without treatment. In 1973 chrome
urticana sieveloped as well as anpoedema. Raynaud's phenom-

year hnsory of chrome idiop.sthic urticarta and hypocomple- ena, photosenutivity, ii.gerprnmaglobuhncmi.e. and hypocom-mentemia. In 1973 she developed urticana that has chronically
mvolved the face entremitics, and trunk. Other symptoms oe. plementemia. Polyarthralr n poly.arthnen, and antmuclear an-

curnng intermittently since 1973 included lymphadenopathy, tabodies were observed .i 1976. Treatment has consisted er
migraii.e headaches, arthralgias of the knees and hands, and predmsone, ranging fr.,.n 10 to 15 mg/d. nonsteroidal .mai-m-

thdominal angioedema. Angioedema of the lip. tongue, and flammatory aFents. and antihntamine medications.
The physical esannnation revealed isolated urticanal leuonseychds has been mfrequently observed as has penarticular on the neck back. and extremities. Alopecia. dry eyes con.

swelling of metacarpal phalangeal joints, elbows and knees. Armed by Schirmer test. tenderness of metacarpophalangealTreatment has conmted pnmanly of prednisone in . douge of
jomas. Petechiae on the lower entremitta un etrusion of the lett10 to 20 mg/d. As a child, the patient,emperienced tranuent knee, and a murmer of mitral regurgitation were aho present.

rhinitis. There is no family history ofit. py, astl ma, or urtica. The laboratory revealed a chromcally elesated sedimentation
Physical esammatmn revealed featu 'es of Cushms's syn- rate rangmg frorr 44 to 94 mm/h. pourne rheumatoid factorna

drome with small urticanal toions (I to ! cm) near the belt line test, hypergammaglobuhnemia. .and hy pocomplementemia (Ta-
and on the entremities. Petechiac and purpura were present on ble 1) Animuelear antibodies were pre ent, and the DNA.hmd-
the thighs m areas of rewising urticaria. Low levels of Clq ing ratm was elevated A sLm biopsy m 1976 rescaled an ". aller-
proican ranging from 0 to 26'", of normal and 75 Cly precipi. pc vawuhtn" woh polymorphonuclear cell mnitrainm of the
tms were prnent (Tabic t h Skni biopues obs.amed in 1976 and dermal ensue and seweh Immunoglobulms and C3 were de-
1975 showed dermal vawuhtn witle inflamm.atory celk includ. tected .at the derrnal-epidermal junctwn by immunolluorev
ing polymorphonusic.it leukocytes in the dermal tiwue and vev cense. Marked eucerbatiom of her urticana occurred during
seh. Complement components Cly. C3, properdm. and C6 and radiol.sheted protem studies m 1974.ind 1975 and after K! chat-
igg. igm. and lg A were detasled .at the dermal-epidermal junc. lenge. Fe.er. myalgus. and a nonproductne couuh were .sho
tune and in sewel walk by immuno 11uorewence. noted durmg one of the studies

Srnutivity reactuun occuired dunng two wparate metaho- fhe chmcal charasterntia of the K1 sensune panents and
, lam stuJies of radiolabeled protems .and after ch.allenge with of their Kl senutnity n summ.arsied m Ta-'

the mamfest.ations
Kl. The climcal record noted marked esaecrbations of urtie.ana ble 2.on the first second, third, and sesenth dan of both studies. The Ch.s//ense Smdies inth Potassium lodide: Two of the foururticaria typwally began a few hours after the K! mgestion and suspected imbde wnsnne paiwnis and in selested controh werewas "burnmg" in character. The urticana w.as substanually im- ch.allenged wnb KI The dugno es m the selected i;ontrois in.
prosed on days when no KI was pven Notably, eucerb.itions cluded chrome idion.athic urtmana m four iall t'our had norm.at )followed the 6tst Jose of KI dunng both studies This indie.ates scrum complement leschi. hercetary .angmedems m four, non-
KI was responuble for the reastion, because the r.adiolahcled hereddary .anpoedem.: m one. .and MogrenN sy ndrome and h -

J-

3

protems are not injected untd the morning of the second day. pergammaglobuhnemic purpur.: m one. The challenge partwoThe exacerbatwm of urtie. aria were origmally attributed by the pants were hospitalised on the das before Kl challenge. .and
patient and her phpicuns 10 cmotion.nl f.netors. their medwasions were contmued The followmg mornmg the

Case + Patient D was a 38 year-old whne woman woh syv I p of K! Etipsher Smith Lab., Inc-partiap. ants were gnentemic lupus crythematosus and thronic urticana. In 1067 aller. %nneapohs. Mmnesot.i) in orange juwe. Tbc KI was .abmnn-'

gic rhimtis began and improved with hyposenutiration therapy tered twwe daily until senuinny re.astions o6 curred or for 2 J
for molds and weeds. In 1971 diffuse lymphadenopathy desel. The sk m rashes resuh m.r trom Kl sh.allenge w ere phoso-
oped, and a biopsy of .in aull.ary nod, showed folheular 1 m. graphed. and one leuon near the hip w.n biopued

3

phmd hy perpl.sua omustent with asute lymph.idenun. T he

854 Deam 8 9 79 * * a'ama*' **= * ***9'****

b.



_ _ _ _ . _ _ _ _ _ _ _ _ _ _

.

.

i' -

,
'

Tatwe 2. Cim. css Charsctar.4 tees of Potuteum lodida4ensstive Panents and Their Resctions

Panent \lanifestapors of Dncase
Mamfestauons of Poinsium lodide Senuovny

Chronic urticana A n gioedema Arthritis, Arthralgia Petechiae Urticaria Angioedema Fever Po!> my algia Corpa2._ _ _ . . _ _ _ . _ . _ . . -- . _. _ _ _ _ _ . _
_A + + 0 0 + 0 0 0 0H 0 + + 0 0 4- + 0

+

C + + + t + + + + +D + + + + + + + + +*

Scrologie Analyses: Blood specimens were obtained by veni. characterized at different times by headache, diffuse peri-puncture before K1 admmistration and at 4, 8.12, 33. and 48 h
after the mitial K! ingestion. Samples were processed immedi. tonitis and abnormal liver function tests, mild proteinu-
ately. Scrum samples were clotted at 37'C for 20 mm and the ris, crythrocytes in the urine, episcleritis, sescre angi-
serum separated by ceninfugation at 4* C. Samples of heparin- oedema of the lip, and a left upper lobe pneumonitis. The
ised plasma (Vacutainer: Becton, Dickinson. Inc., Orangeburg, temporal relation of these features is shown in Figure 2.New i ork) and et hylenediammetetracetate plasma (Vacutainer-
Becton Dickinson. Inc. Orangeburg. New York) were separat. Psittacosis, mycoplasma, adenovirus, influenza virus, pa-.

ed immediately by centrifuga: son at 4* C, All samples were fro rainflue.nza virus, cytomegalovirus, toxoplasmosis, hepa-
-70' C unni analyus. The plasma levels of Clq. Cir. titis B virus. Legionnaires * agent, and bacteria were ex-sen at

Cis C3. C4, and f.ictor B were determined by radial immuno, cluded as the cause of the illness in Pa:ient C. Empirical
. . ..

diffuuon (let The hemolytic titrations of Cl, C2, C3 C4, and treatment with prednisone (80 mg/d) and tetracyclineCll, were donc accordmg to pubinhed procedures (17). The C5
astivity w.as mertamed in plasma immunochemically depleted (for suspected psittacosis) produced rapid improve <..ent.
of CS (C5d). Antibody sensinzed crythrocytes (5 x 10' cells). The fever resolved after 4 d of treatment and did not
C5d (20pt), and the diluted test scrum were incubased at 37* C recur during a rapid reduction of prednisone (Figure 2).
for 30 mm m seronal buffered s.alme contaimns gelatin (17).
The hemolym w.is comp. ired to the C5 in normal serum and to

| C5d contasmng purined C5.
Complement Iq preupatins were deietmmed accordmg to the

modshed method iIll) of Agnello and associates (19) in plasma 'zg - -
%

, - - - 2 pp.wwggand after sucrose densny gradient ultracentrifugation of pa- p
_ gpgEm1 tienn' plasmat m-

! Ana/ pes o/ sam Bmpsies: The um leuens resulting from KI - ? ,_ j ^ ^~' "
g ,_.:. - -

.

m G' 'M. .! admmntranon were biopsied and divided. One portion of the 7 ||I; biopsy wa (ned with 10"L. formalin and sections were stained
woh hematoylm and emin or toluidme blue. A second portion

'

irmann
-~ -~-

w.ss fixed woh nopemane. and ses:sems were u.nned with fluo-
r 2-.

&'

rewem noshiosy n.nc conjugates of .mobodies yccine for igg.
igm. and iga .md for complement components Clg. C4. C3, f
O. Ch. .ind properdm Eles t ron maernscopic .inalpes were M 4 * ". "

- ''
_-

done on a third portion nsed m 0.72G glutaraldehyde, t.02%i ,,w 4* 1 -formalm m 014 sodium cacoJvlate spli 6.8) and stamed with Y
.

f |>f-p ,'[
..

-ce '

osmium tetraonide ..O dw
. .

g .ts.Results y

Senutivity to K! was confirmed by oral challenge in .Mi ' $ ,r$.
N D .NP. . . , < -c

.e
. 7- >

two (Paaents C and D) of the four patients suspected of 4 g< . n .
.~r

'

s
,

K1 senutsuty and not in 10 selected control patients. .;A.k MTwo hours after receiving her initial KI dose, Patient C 31*NV - A>eI~%developed acute urticaria involving more than 50% of W
her skin iFigure 1). The urticaria was pamful. " burning " '.T?'

[$,4 ;j ;..

and nonpruritic. It mercased for 2 to 4 h despite treat- - 4* S. 8.? # .~ .M ~

$[ S[N". - 4
ment with hydronnne. Contunctivitis. scleral edema, co- ,

#Y# %
rpa. and polyn> algias .siso des eloped durmg ihis period. *M.M ' 4*% DCT wo hours after recemng KI. Patient D deseloped sensa. >: t% DI* -Ytions of warmth and nersousness. Four to e h after mees- '. [. T' N.* ~

tion. anewdem.: .sppeaied near .a sempuncture site and
'

$- ['
''

bolated urticari.nl leuons appeared on the back. face and * T
arms: angioedema of the lip and polymyalgias also devel- f ,. ..,

V- d,.

oped. The urticaria. myalgi.is and angioedema improved
'

'

?. .durmg the first da) in both patients and resolved in Pa-
f Uy .~

thnt D m 48 h. Y ,I
lloweser on the second day. Patient C developed feser

c' - .- ? ,
* ~ ~ ~

+ that PCrusted and inercased durinS the nes 3 d. The N"'e L we umana m Panent c 2 h aun orai rotassium +, d ae
j fescr was one m.imfestation of a sesere systemie illness T mc .es.ons .ere ca.sco areas o, centr ai paitor ..in c.reum.

str. tied reo tac.eoers
i

e

. com er 4, e poi.ss sw.o, s, ......., 855
|
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pewanj Sensitivity to KI was historically recognized in four

Ithst rae . cs.tej patients, and this wnsitisity was studied in two of the
I"***** ''*I sensitive patients by or.nl challenge. The administration of

{o N''*I
,

K1 to the sensitive patients resulted in acute urticaria in
j 3, one patient and exacerbations of pre. existing chronie ur-
gn _ ticaria present in the other three wnsitise patients. The
.: pre existence of chronse urticaria in three of ahe sensitive ,

patients clearly delayed recogmtion of the K! sensitivity
z 2, because the exacerbations obsersed in Patients A. C. and3*-5, { :r D were originally attributed to emotional or physical fac-

3 j g is.e tors. The occurrence of urticaria in both Pattent A and
3 g, Patient B during one metabolism study in 1978 prompted
.i_ 4, us to investigate the relation between K! adminntration
,2 2, and possible 3ensitivity reactions. In retrospee:. the tem-
"

: poral relat:on between KI admmistration and urticarial
Er g, reactions was clear because urticarial exacerbations had
33, been noted in these four patients after the majority oi 33
34, K! ingestions In addition to urticaria. KI administration
3: was followed on one or more occasions by polymyalgi.as
} g, he (three of four patients). anginedema (two of four pa-.

| tients). conjunctivitis (two or four patients) coryza (two: 4

j,:U#
. .

of four patients), and fever (three of four patients). '

i to is in the present study Patients C and D were challenged.c
88t5 AHH l'8'8' D88''t* and the challenges precipuated reactions umilar t.: the

Figure 2. Cisnical teatures of systemic sHness ot served m Patient C reactions noted during ihe metabelism studies. Chal-
af ter potassium eodide chauenge. ESR = =rythrocyte sedernentation of the four control patients who had chrome urtorate.

caria wnhout hypocomplementemia and vawulito did
not exacerbate their urticaria nor did challenges of con-

The pneumonitis and abnormal liver function tests slowly trol patients with angioedema precipitate wvere angi-
improved over 2 weeks and resolved by 6 weeks. oedema. Thus. Kl wnsitivity was awiciated with a par-

During the acute KI sensitivity reaction. leukocytosis, ticular group of patients represent,ed by Patients A. B. C.
thromboeytopenia, and eosinophilia were not detected in and D. The e four wnsitive patients were all middle aged
either Patient C or D. The skin biopsies of the KI-in, women. Hypocomplementemia with clawical pathway
duced urticaria showed edema and inflammatory cell in. activation and dermal sa entitis were pre ent in all four,
fdtration. The inflammatory cells that were abundant in associated with ebrome urticaria or systenue lupus eryth-
the biopsy obtained from Patient C consisted of numer, ematosus RaynaudN phenomena were also noted in
ous polymorphonuclear cells, some cosinophils, and a three of the four sensitive patients Both Patients A and
normal number of mast cells The skin tiuue obtained D showed low loels of CIq and 75 cly precipitins as
from Patient D showed fewer inflammatory cells primari, well as chrome urticaru and represent a syndrome that
ly in a pernascular hieation and a decreawd number of may he simdar to systemie lupus ery thematosus to 2.t>
mast cells. Immunofluorescent studies showed igg. iga. The clinical umilaritio obwrsed in the four wnutne pa-
igm. Clg. C3. C4. and perhaps properdin at the dermal. tients may suggest one or more common immunopatho-
epidermal junction and in the vewels of Patients C and logie procewes related to K1 senutiuty; however. no sm-
D The amounts of immunoreactive material appeared gle clinical or immunologie feature was awieiased with
greater in Patient C than in Patient D. The datribution KI'c"'''inty-

of the immunoreactants suggested widespread immune The inflammatory procewes responuble for the mam-
complex deposition within the dermal-epidermaljunction festations of K! sensumt) are unknown We hy pothe-
and to a lewer extent. throughout the dermit The etee. sired that KI admmistration resulted in the formation of
iron microwopie studies of both biopsies were normal. osidized C2(~C2) and the formanon of stahihred C3 and

Complement analyses done on samples obtamed before C5 conversases contaimng 'C2a (24) Such st.shdited
KI administration were compared to samples collected consertaws would base activated more C3 and C5 and
during the KI sensitivity reactions observed in Patients C released the C3 and C5 anaphylatosins that can produce
and D. The levels of C3. C4. and Factor B and the actisi. urricana (25). The measurement < of plasma C2. C3. C4.
ties of C2 C3 C4, and C5 did not significantly change in and C5 suggested that this hypothesn was incorrect be-
the samples. In Patient C the C1 activity and lesels of cause neither C3 nor C5 locis decreased durmg the KI
Clr decrea ed by approximately 30% during the KI en- sensiinity reactions produced in Patients C and D in
sitivity reaction and returned to the prechallenge level by Patient C the decreaws in Cl actiuty and Clr ant gemei-
48 h. In Patient D no sigmficant decrease in C1 actisity ty both indicated that C1 actnation occurred (2e). Kath-
or Clr level occurred. , krein can clease Clr. Cis and kininogen and mav

856 on.e s e ra + wm emceo o* * m- * * * * 8
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NUCLEAR REACTOR ACCIDENTS AND IODIlE PROPHYLAXIS
.

A Symposium in Washington, D. C.

lAlthough the National Council on Radiation Protection Report No.'35

recommended wide-spread distribution and use of potassium iodide in the

case of a nuclear emergency, this suggestion has yet to be implemented. -

The recommendation was based on the fact that radiciodides are major
.

.

products of nuclear fission and that orally administered potassium iodide

effectively inhibits the concentration of radiciodide in the thyroid, thus

reducing thyroid irradiation by one or more orders of magnitude. However,

there has been considerable informal discussion among thyroid experts as to

the wisdom of this recommendation. Hence, it seems appropriate at the time

of its Annual Meeting in Washington for the Endocrine Society to sponsor a

Public Symposium dealing with these matters.

The Symposium entitled, "Indide; Good or Evil After Nuclear Accients".

will be held in the Sheraton Hall of the Sheraton-Washington Hotel at 8:00
P.M., June 18, 1980. Dr. J.E. Rall, Scientific Director of the NIAMDD, will

chair the Symposium and will be one of the speakers. Other speakers include

Dr. John Kouts, Chairman of Department of Nuclear Energy, Brookhaven National

Laboratory, Dr. Jan Wolf f, Medical Director, Clinical Endocrinology Branch,

NIAMDD, and Dr. Rosalyn S. Yalow, Senior Medical Investigator, Veterans

Administration. -

- - -
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ABSTRACT
,

.

Following the recent accident at Three Mile Island, there has
been a resurgence of interest in the use of thyroid blocking as an
emergency protective measure for reactor accidents. An analysis
has been performed to provide guidance to policymakers concerning'
the effectiveness of potassium iodide (KI) as a blocking agent in
realistic accident situations, the distance to which (or area with-
in which) it should be distributed, and its relative effectiveness
compared to other available protective measures.

The analysis was performed using the Reactor Safety Study
(WASH-1400) consequence model. Four categories of accidents were
add ressed : gap activity release accident (GAP), GAP without con-
tainment isolation, core melt with a melt-through release (Melt-
Through), and core melt with an atmospheric release ( Atmospheric) .
Thyroid dose calculations show that the GAP category does not pose
a significant health hazard to the public at any distance from the
reactor. For the GAP without containment isolation and Melt-
Through categories, doses in excess of recommended protective action
guidance levels ( PAGs) (5-25 rem) are confined to areas within
approximately 10 and 15 miles of the reactor, r e spec t ive ly . For
the Atmospher ic category, however , thyroid doses are likely to
exceed PAGs ou t to 100's of miles.

A cost-benefit analysis for the use of KI was also per formed.
Cost-benefit ratios ($/ thyroid nodule prevented) are given assuming
that no other orotective measures are taken. Uncertainties due to
health effects' parameters, accident probabilities and costs are
assessed, as well as the effect of other potential protective
measures, such as evacuation and sheltering, on predicted
ratios. The impact on children (critical population) is also
evaluated. The estimated cost-benefit ratios are high, and it
appears that the distribution of KI is only marginally cost-
effective, at best.

Finally, using statistics provided in NCRP Reoor t No. 55,
a simple risk-benefit analysis showed the risk of adverse
reaction posed by KI at the recommended action levels and dosages
to be small compared to its potential benefits. However, if adverse
reaction rates are higher than assumed, this conclusion would
have to be reassessed.

.
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PROLOGUE.

During the first few critical days of the accident at Three
"

Mile Island, many spontaneous decisions were made concerning of f-

site emergency protective measures. The sense of the moment dic-

tated action. Plans were conceived and bnplemented with little

or no time available to determine the potential benefits and costs

associated with alternatives. Specific plans were developed to

evacuate the population within 20 miles of the reactor; the

Governor ordered a five mile precautionary evacuation of pregnant
t -

women and small children; and Potassium-Iodide medication (KI)

was manufacture, and shipped to the area for possible distribu-

tion. The process by which decisions were made could only be

desc ribed as chaotic.

To provide an adequate planning basis for future potential

accidents, it is necessary to determine how frequently they would

occur; to estima te their anticipated impacts on the surrounding
population; and to evaluate the potential benefits of alternative

protective measures. There have been studies which focused on

these questions and attempted to provide guidance in these
areas.1,2,3 It is also possible to estimate the costs associated

with various protective measure strategies. With this information

(i.e. , probability of acciden t occurrence; impact on public;
benefit of various protective measures; and associated costs)

a rational basis would be available to make planning decisions.

It is the in ten t of this report to focus on one emergency
protective measure (Potassium Iodide) and present the in fo rma tion

.
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needed to make a decision concerning a program for its use. There

are many uncer tainties associated with the information, methods,
~ ~

and techniques which are used in this analysis. As our know-
,

ledge and experience expands, th'e results and conclusions of

this type of study should be reevaluated, and if necessary,
changes made to the emergency planning strategy.
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1. Introduction

Potential accidents at nuclear reactors, however unlikely,

could result in substantial offs,ite radiation exposures,'and pose

a serious threat to the health and safety of the surrounding
public. If an accident was sufficiently severe, resulting radio-

logical consequences could include immediate deaths or inj ur ie s ,

delayed cancer deaths, thyroid nodules, and long-term contamination
of land and property.1 Any immediate ef fects, even for the worst

accidents, would probably be confined to areas relatively close

to the reactor (a few tens of miles),1,2 and could be significantly
reduced by implementing immediate protective measures. However ,

cancer deaths and thyroid nodules could occur over much larger
distance (100's of miles), and would therefore be less affected

by immediate protective measures taken near the site.

The risk posed by potential accidents to the thyroid of

exposed individuals is especially great for several reasons:
.

- Radioactive iosotopes of iodine are produced in abundance

by the fission process.

- Iodine and iodine compounds are normally quite volatile.

There for e, a sizeable fraction of core r ad iciod ine inven-

tories could be available for release to the atmosphere.

- Inhaled or ingested radiciodines are quickly absorbed into

the bloodstream and concentrate preferentially in the
thyroid. ,

- Iodines are eliminated from the thyroid with a

relatively long biological half-life.
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As a result, the radiation dose to the thyroid is likely to far

exceed the dose to the rest of the body, and thyroid damage is

likely to affect more individuals than any other accident-induce,d

health effect.1,3 Taken in large enough quantities, . potassium

iod ide (KI) acts to block the absorption of radioiodines by

the thyroid , reducing the thyroid dose. If taken at, or shortly

before, the time of exposure, an almost complete iodide block

(90% or greater) is possible. For this reason, KI has for many

years been discussed as a potential protective measure for use

in the event of a serious reactor a'ccident.4

The availability of KI would provide a supplemental strategy

to be considered along with other possible protective measures.

However, KI should not be considered a panacea for reactor acci-

dents. Although its ef fective use could significantly reduce the

number of thyroid nodules resulting f rom an accident, it would

have no impact on long-term land contamination, almost no

impact on immediate health ef fects, and only a moderate impact

on delayed cancer deaths. Use of KI is also not the only protec-

tive action that will reduce thyroid dose, nor is it without its

dif ficulties and problems :

- The drug is not completely risk free; adverse reactions

are possible.

- Making KI available would involve a cost to society; dollars
!

that perhaps could be used to more effectively reduce risk;

elsewhere.

|
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- There are serious storage and distribution logistical pro-
blems associated with ensuring that tre public would receive

the drug in sufficient t,ime to be effective.
'

- It must be assured that any KI dfstribution strategy
~

' implemented would not reduce the effectiveness of other

protective actions taken, e.g., if people are required to
,

receive KI at a distribution center, they may be " caught"
by the cloud while outdoors, and receive a higher dose than

if they had stayed at home.

Potassium iodate, a drug similar to KI, has been distributed

for use within a few miles of reactors in Great Britain.5 g

recent analysis by Beyea and von Hippel ,6 recommends planning3

for the use of KI to much larger distances in the U.S. , on the

order of 100 or more miles from all reactors. A timely decision

on the potassium iodide issue is required of responsible policyf
makers. This report summarizes a study performed to provide thbm

.)
with technical guidance on that issue. It is intended (1) to

provide insight concerning the ef fectiveness of KI in potential
accident situations, (2) to help determine the merits of KI as

.

an emergency orotective option, (3) to establish the population

and the distance to which (or area within which) it should be
distributed, and (4) to determine under what conditions it should

be implemented. Simple cost-benefit and risk-benefit analyses have

been performed as part of this study. The effects of other protec-

tive measures, such as evacuation and sheltering, are addressed

as well. Specific alternative strategies for stockpiling and dis-
t

tributing KI have not been addressed, although that would be
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essential before making KI available to reduce costs and assure

effectiveness.

The analysis reporte'd here was performed using an updated '

~

version of the Reactor Safety Study (RSS) consequence model,1 CRAC,

for a range of potential reactor accidents. Four categories of
'

accident releases are examined; from fuel pin gap activity
'

release accidents to complete core meltdowns with containment

failure directly to the atmosphere. It is important to note that

there is a great deal of uncertainty in our knowledge of these
releases, and their probabilities, as well as dose-health effect

relationships for the thyroid. In some cases, these uncertainties

hinder our ability to provide definitive guidance. However, they

are addressed to the extent possible in our analysis.

2. KI as a Protective Measure
'

.

Inhaled or ingested iodine is rapidly and almost completely
absorbed into the bloodstream. Almost one third of the iodine

|

| concentrates in the thyroid where it has a biological half-life
i

i of approximately 120 days. The absorption of radiciodines by the
:

; thyroid is greatly reduced if body fluids are saturated with
i
' stable iodine prior to exposure.4 For most individuals, after

I a shor t-term e xposure, the majority of radioiodine uptake by the
thyroid occurs within 12 hours. The initial administration of

a blocking agent will therefore be of some value even that long
after the exposure period. However, essentially complete cur tail-

ment (90% or greater) of radiciodine uptake by the thyroid
!

requires that stable iodine be. administered shortly before or

f
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- immediately af ter the initiation of exposure. A block of 50

percent is attainable only during the first 3 or 4 hours

after exposure. For releases of long duration, and therefore
,

'

prolonged exposure to radioiodines, thyroid blocking agents

would be useful at any time during the exposure.

Several chemical compounds of stable iodine are suitable

as blocking agents, including potassium iodide (KI) dnd potassium
iodate.* The Food and Drug Administration (FDA) has recommended

and approved oral administration of potassium iodide (KI) as a

blocking agent, in dosages of 130 mg (tablet or liquid form).4'7

Continued administration of this daily dose appears to maintain

an essentially complete block. A minimum of 3 to 7 days adminis-

tration would probably be needed, and use of the drug is not
expected to exceed 10 days.7

There is oresently no definitive guidance concerning when,

or under what conditions, KI should be used as a blocking agent.

The NCRP recommends that it be considered for use if the pro-

jected** thyroid dose to an individual in the general public

exceeds 10 rem.4 Protective Action Guides (PAGs) for thyroid

* Radiological emergency plans in Great Britain include thyroid-
blocking using 100 mg tablets of potassium iodate, since in the
British experience, the shelf-life of the iodate is appreciably
longer than that of iodide tablets. The iodate form could be
employed in the U.S. only by compliance with FDA requirements
that include gathering the pertinent clinical data for the
iodate.

**The projected thyroid dose is the estimated dose that would be
received within a few days following the release if no protec-

| tive actions are taken.
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exposure to , accidental airborne releases have been promulgated
by the EPA.8 PAGs for projected thyroid dose range from 5 to

25 rem. Protective action is recommended at the lower level for
sensitive populations ( pr egnant women, chil'dren') , or if there

are no local constraints to providing protection at that level.

Protective actions would be required in all cases if the pro-

jected dose exceeds the higher value. However, only" evacuation

and controlled area access were discussed in the EPA document,0

and the use of KI was not specifically cited as an appropriate

protective measure.
'

Because the prompt administration of KI in the event of an

accident is critical to its effectiveness as a protective mea-
,

sure, some method of rapid distribution or availability to the

public is required. There is little current definitive planning

for such methods. Stockpiling supplies of KI in " distribution

centers" such as schools, police stations, or firehouses has been
.i

recommended.4 An alternative would be to provide each household

with a sufficient supply for all members of the household. The

feasibility and ef fectiveness of these and other alternative

strategies, as well as their likely implementation costs, should

be inve s t ig a ted .

There is considerable experience with the use of KI as a

therapeutic drug.4 It has been used for a number of years in

| high doses, and on a long-term basis, for the treatment of various
|

| pulmonary disorders. The reported incidence of adverse reactions
1

to the drug is low, and the risk posed by the short-term use of

the relatively low doses that would be involved with response to an

!
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4accident is judge,d to be minimal. The NCRP estima tes the

adverse reaction rate to be between 1 x 10-7 and 1 x 10-6 per

dose, and concludes that the administration of KI would not result
,

in significant immediate side ef fects, even if given to large seg-
ments of the population. *

_

3. Accident Releases Considered

Release magnitudes for potential accidents of offsite signi-

ficance range f rom relatively small releases of gap activity

to the large releases predicted for full core-melt accidents in

which the containment fails directly to the a tmospher e. * * The

IRSS grouped this spectrum of reactor accidents into nine release

categories for pressurized water reactors ( PWR) with large dry

containments and five for boiling water reactors (BWR) with Mark

I containment. These categories are presented in Table 1 along

with their estimated probabilities of occur rence, release magni-
tudes, and other parameters that characterize the release.*** It

* Note that warning would be given cautioning against the use of
KI by individuals who are sensitive to iodine.

**A large light wa te r power reactor typically contains about 10
billion curies of radioactive material. The spectrum of poteg-
tial accidents addressed in this studg would release from 10~
(1000 curies) to about one half (5x10 curies) of this radio-
active material directly to the a tmosphere.

***The time of_ release is the time interval between thee initia-
tion of the accident and the release of radioactive material
from the containment straucture to the atmosohere. The dura-
tion of release is the period of time during which radioactive
material is emitted to the atmosphere. The warning time for
evacuation is the projected time interval between awareness of,

I impending coremelt and the release of radioactive material
from the containment building. For those accidents in which
core-melting does not occur, there is no projected warning time.,

| Finally, the height of release and the energy content of the
released plume influence the height to which the plume rises and
thus the exposure to persons near the site.

.

e
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should be noted that, because of the lack complete understanding

of the physical ~ processes associated with core-melting and the

resulting release of radioactive material to the environment,

there is a large degree'of uncertainty and overlap in these

groupings. There is also a large degree of uncertainty associatef

with their estimated probabilities,9 a point which will be discuss
later in this report. *

For the purpose of this study, the PWR accident release specc

trum has been grouped into 4 categor ies :*
. .

RSS Release
Cateoories

1. Gap Activity Release Accident (GAP) PWR9

2. Gap Activity Release Accident without
Containment Isolation (GAP w/o Isolation) PWR8

3. Core Melt with Melt-Through Release
(Core Melt Melt-Through) PWR6-7

4. Core Melt with Atmospheric Release PWRl- 5
(Core Melt Atmospher ic )

PWR9 reoresents a gap activity release accident in which only the

activity initially contained within the gap between the fuel

pellet and cladding would be released into the containment. All

engineered safeguards are assumed to function properly. PWR8 is

the same as PWR9, except that the containment fails to isolate

properly on demand. Again, all other engineered safeguards,

including containment sprays, are assumed to function properly.
.-

*These 4 categories are comprised of the RSS release categories
from which they are defined, each weighted by its respective
probability as calculated in the RSS.
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PWR categories 1,through 7 are accidents in which core melt is

assumed to occur. PWR 6 and 7. are dominated by accident sequences
; involving containment failure by containment vessel melt-through.

'

PWRl-5, on the other hand, consist of accidents in which contain-

ment failure is assumed to occur directly to the a tmosphere as a

result of either inade'quate isolation of containment openings or

penetrations, a reactor vessel steam explosion, hydrogen burning,
or overpressure. To reduce the required time and cost of compu-

tation, BWR accidents have not been dealt with specifically in
this analysis. However, the informhtion and conclusions presented

for large dry containment PWRs should be roughly applicable to

other PWR designs and for BWRs as well, given a similar type of

accident and mode of containment failure.*

4. Thyr o id Dose and Realth Effects Calculations

Dose to the thyroid is estimated as the sum of 1) external

dose from the passing cloud (cloud exposure), 2) external dose

f rom contamina ted ground (ground exposure) , 3) internal dose

during the first 30 days from all inhaled radionuclides except

*
BWR5 repr esents the BWR gap activity release accident. BWRl-4
are accidents that involve core-melt. For the specific BWR
design investigated in the RSS, the probability of containment
failure by containment vessel melt-through is essentially zero,
i.e., the containment is assumed to always fail directly to the

~

atmosphere. BWR4 is dominated by accident sequences involving
containment isolation f ailure in either the drywell or wetwell,
whereas BWRl-3 are dominated by accidents in which the contain-
ment fails f rom either a steam explosion in the reactor vessel
or containment, or from overpressure resulting in release through
the reactor building or directly to the a tmosphere. Other con-i

i tainment designs ( e.g. , PWR ice condenser, BWR Mark II or BWR
| Mark III) wo'uld have somewhat different probabilities for the

various containment failure modes.

-. _
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I-131, and 4) internal dose during the first 30 days f rom inhaled
~

I-131. Thyroid dose from ingestion via the grass-cow-milk-man
~

pathway ~and chronic exposure has not been ' included in this analysis

because those pathways would not require an immediate emergency

response in the event of an accident.

The dose received by a child's thyroid is likely to be -

higher than that received by an adult for several reasons, includ-

ing differences in thyroid mass and breathing race. The RSS

assumed age dose f actors * of 1.0 for children of ages 0-1 years,

1.9 for ages 1-10 years, and 1.6 fo'r ages 10-20 years. Somewhat

higher factors (up to 5) have been assumed in other studies.3,10

There is considerable uncertainty concerning the ef fects of

radiation exposure on the thyroid.1,4,10 Thyroid nodules are

the effect of pr imary concern, and would typically be observed

from 10 to 40 years after exposure.1 A nodule is an abnormal

growth that could be either benign (non-cancerous) or malignant

(cancerous). Nodules that are thought to be possibly malignant

would most likely be surgically removed.

Most thyroid cancers are well differentiated, slow growing,

and relatively amenable to therapy. Their mortality rate is

! therefore much lower than tha t for most other forms of cancer.

IThe RSS conservatively assumed a 10 percent mortality rate for

malignant thyroid nodules.j

|

|

* Ratio of child to adult inhalation dose.

_
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Based on the,results of animal experiments, and clinical

1data for humans, the RSS assumed that internal irradiation of
the thyroid by I-131 would be only 1/10th as effective as external

x-rays in producing both benign ' nd malignant nodules. * This fac .a

tor of 0.1 for I-131 dose was disputed by the American Physical
Society (APS) study group on reactor safety,10 which assumed a
range of factors from 0.3 to 1.0. Because this issue ~ remains

unresolved, calculations have been performed in this analysis both

with and without a 0.1 factor for I-131 dose effectiveness.
Sufficiently high radiation doses ** would result in ablation

of the thyroid, with no subsequent risk of either benign or malig-
nant nodules.1 However, because of the high doses required,

thyroid ablation is unlikely to occur except for persons very
near the reactor following the most severe accidents. Ablation

would probably require surgical removal of the thyroid, and the

affected individual would need to take substitute hormone pills
on a daily basis. Thyroid damage, including both nodules and

ablation, has been addressed in this analysis.

*0n a purely radiological basis, it is thought that the more
uniform distribution of dose within the thyroid f rom external
irradiation might increase the ef ficiency of inducing
clinical hypothyroidism.

**The RSSI assumed that doses in excess of 5000 rem (50,000 rem
from I-131) would result in thyroid ablation.
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The RSS calculation of the expected number of thyroid nodu

per million adult-r em* is reproduced in Table 2. The assumed

6total incidence rate is 334 thyroid nodules per 10 adult ~ rem, >

percent of which are benign, 40 percent malignant. Although no-

specifically computed, a dose-effects coefficient for a child's
^

Ithyroid can be derived from the RSS data to be approximately

3
a f acto r o f 2 higher . * * Beyea assumes the RSS values as lower

6bounds, and upper bounds of 650 per 10 adult-rem for adults,

6and 6500 per 10 adult-rem for children.

Most of the calculations performed in this study assumed

I 6the RSS risk coef ficient of 334 thyroid nodules per 10 adult->

This corresponds to an assumed risk, or probability, of a thyro

' nodule for an individual of 3.34 x 10-4/ rem, i .e . , 10 0 r em to

an ind ividual implies a probability of contracting thyroid nodu)

of 3.34 x 10-2 For this assumed coef ficient, a dose to an-
.

individual of 3000 rem gives a thyroid nodule probability of

approximately 1.0. Therefore, the following is assumed :

Thyroid Dose

(3.34 x 10-4/ rem)(dose in rem6 3000 rem p(thyroid nodule) =

> 3000 rem p(thyroid nodule) =0
o(ablated thyroid) = 1. 0

l *Fo r convenience, and to avoid confusion, all coef ficients are
given in terms of adult-rem to the thyroid.

* * Fo r age group 1-10 : (years at risk) (age dose factor) (risk

cog t ficient) = 30 x 1.9 x (8 + 4.3) - 707 thyroid nodules pe
10 adult-rem.

i

{

|
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The effect of uncertainty in the thyroid dose-effect relation-

ship is assessed by repeating some calculations using the upper
~

3 and the APS.10bound values proposed by'Beyea
.

Thyroid Dose Calculations

A series of calculations was performed uslag an updated

version of CRAC, the RSS consequence model,l'Il to determine 1)~

the magnitude of the threat to the Ahyroid of exposed individuals,
2) the distance to which cEa'tepteat is likely to be of concern,

s o,

and 3) the relative contri$u,tions of dif ferent. ,exposure pathways

and radioisotopes to the thyroid dose, for each of the four accide

categories defined in the previous section. All calculations,were

performed for 2 3200 MWt PWR using 'l year of meteorological data

taken from a single reactor site.* From the year's data, 91 cif-

lferent weather sequences were selected by stratified sampling

and used to generate probability distributions of' thyroid dose

versus distance. Shielding and breathing rate carameters appropria

1,2,13 '

for a person located outdoors are assumed: b r e a th'ing r a te ,. .-

= 2.66 x 10-4 m /s, shielding factors = 1.0 (cloud exposure)3

and 0.7 (ground exposure).
,

,

/
,t'

* Site-to-site varia tions in. meteorological histories have been
shown to have little e on the prediction of long-termpublichealtheffects.{{ectTherefore, the' use of meteorological
data from a single site should.be sufficien't for this study.

'
.
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For each accident category, Table 3 presents the mean thyroid

| dose that would be received by an exposed adult located outdoors

at selected distances from the teactor. The corresponding dose

to a child's thyroid would be approximately a f actor of 2 higher.

Table 4 presents the associated probability of thyroid damage
i

for the same individuals. The values shown equal the doses in

; . Table 3 multiplied by the RSS r isk coef ficient of 3.34 x 10-4

per adult-rem to the thyroid.
'

The probability of thyroid damage to an individual following

a gap activity release accident (GAR) is extremely low, ranging

' from less than 2 x 10-5 (1 in 50,000) 1 mile downwind of the

site to less than 4 x 10~9 (1 in 250,000,000) at 100 miles.

Probabilities are somewhat higher for the GAP w/o Isolation and

Core Melt Melt-Through accidents; they also appear to be approxi-

mately equal for th'ese two categories. Thyroid damage probabili-

ties for the Core Melt Atmospheric accidents are much higher,

and such accidents would pose significant health hazards to

persons at distances of more than 100 miles * from the site. These

results agree with those of previous studies.2,3.

The fractional components of mean thyroid doses are provided

in Table 5 for selected distance intervals; 0-25 miles, 25-100

* Caution must be used in interpreting the large distances 1.di-
cated. The RSS consequence model assumes an invariant wind
direction following the release of radioactive material. How-
ever, because of the time required by the cloud to travel large4

distances, jit is likely that the wind direction will, in fact,
shif t and that the predicted dose levels would not be observed
at the reported radial distance. Rather, the distance applies
more closely to the distance along the trajectory of the
released cloud.

- ,, - __ _ -. - _ -. -_.
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miles and >100 miles. Within these intervals, the relative con-
-

tributions to thyroid dose will not differ significantly. The

dose is divided into components for the inhalation of radioiodin&s,
,

inhalation of non-radioiodines, cloud exposure and ground exposure.

Radioiodine inhalation is further divided into components for
'

I-131 and other lodines. It is evident from Table 5 that the
thyroid dose is dominated by the inhalation of radiciodines for

each of the four accident categories. Inhalation of I-131 alone

accounts for 60-80 percent of the total dose, and other iodines
'

contribute another 10-25 percent. Inhalation of non-radiolodines,

cloud exposure and ground exposure are all small contributors to

total thyroid dose.

The probabilities of exceeding thyroid doses of 0.01 and 0.1

rem versus distance from the reactor are shown in Figure 1,

conditional on the occut rence of a gap activity release accident
6

(GAP). The prybabilities are calculated for an exposed adult located
1

ou td oo r s . The' dose levels, 0.1 and 0.01 rem, are far lower than '

any recommended action levels, and are still confined to areas

very close to the reactor. Therefore, it is evident that the GAP

accident does not pose a significant hazard to the public.

Figures 2 and 3 show the probability of exceeding thyroid
doses of 1, 5, 10 and 25 rem versus distance for the GAP w/o Isola-
tion and Core Melt Melt-Through accidents. The 5, 10 and 25 rem

dose levels were chosen because they represent the range of action

levels that have been recommended for the initiation of eme rgency
orotective measures. The 1 rem level was added as a lower bound

1
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for doses of inte. rest. It is evident from these results that,

for all practical purposes, projected thyroid doses of concern

are confined to areas within a few 10's of miles of the reactor ,
'

for these types of accidents, and in most cases to ' areas consider-

ably closer. For the GAP w/o Isolation accidents, doses in excess

of 5 rem are confined to about 10 miles; 'those in excess of 25 rem

to about 5 miles. The same dose levels are confined to approximately

15 and 7 miles, respectively, for the Core Melt Melt-Through cate-
gory.

.

The conditional probabilities 'of exceeding thyroid doses of

1, 10 and 25 rem for the Core Melt Atmospheric category are shown
in Figure 4. The thyroid dose levels of concern are likely to be

exceeded at very large distances from the reactor (and correspon-

dingly over very large areas) if this type of accident were to occur.

5. Other. Protective Measures

It was shown in the previous section that, for each of the 4

accident categories addressed, the thyroid dose is dominated by the
i

inhalation of radioiodines. Therefore, in order to be e ffective

in reducing the thyroid dose and resulting health impacts, a
protective measure must reduce that inhalation dose. KI does this

| by blocking the absorption of inhaled radiciodines by the thyr o id .
;

However, other protective measures, including both evacuation and

sheltering, could also act to reduce inhalation dose.

Cvacuation, which is the expeditious movement of the popu-
la tion to avoid immediate exposure, is considered to be the

pr imary protective measure in most radiological emergency planning

i
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within the ~ United, Sta tes.14, 15,16, 17 Evacuation could

potentially be 100 percent ef fective in reducing all dose if

accomplished before arrival of-the radioactive cloud. On the
,

other hand, it could be inef fect'ive in reducing inhalation doses

if not initiated until after the cloud has passed.* -_

Sheltering might also provide some reduction in thyroid dose,

and could o,tentially be implemented at much larger distances than

evacuation. Sheltering is the deliberate action by.the public to

take advantage of the protection against radiation exposure

af forded by remaining indoors, away f rom doors and windows, during

and af ter the passage of the cloud of radioactive material. The

shielding inherent in normally inhabited structures offers some ~

degree of protection against external penetrating radiation from

airborne and sur f ace deposited _ radionuclides. Furthermore, the

exclusion of a significant amount of airborne radioactive material

from the interior of a structure, either by natural ef fects or by

certain ventilation strategies, can reduce the amount of inhaled

radionuclides as well.18 A recent study suggests that a factor19

of 2 reduction in inhalation dose can be assumed for sheltered

individuals. That factor has been assumed in this analysis.

Finally, other potential measures such as breathing throughi

!

either respirators or common household items, e.g., handkerchiefs

and towels ,20,21 may provide additional protection against' dose

*Even in situations where the radioactive cloud has passed, 'eva-
cuation could be valuable to reduce exposure ~ to ground contamina-
tion. However, since thyroid dose is dominated by radiciodine
inhalation, it would not be significantly reduced in this case.

b
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f rom inhala tion o,f radionuclides. However, further research is

required to determine their ef fectiveness in r ealistic accident

situations, and they have not been addressed in this analysis.
,

*
.

.

6. Cost-Benefit Analysis - '

The decision to use potassium iodide as a protective measure

should be based, at least in part, on its cost-benefit relative

to other available protective or safety measures. To analyze

che' costs and potential benefits of KI, the following informa-
tion is needed :>

-

Costs;-

Potential impact of accidents;-

'

Potential reduction in accident impacts; and-

Accident probabilities.-

The cost of implementing a KI program would include: the purchase

price of t'he KI in tablet or liquid form (both original and periodic
replacement costs); costs for stockpiling, distributing and moni-
toring the status of the drug; and administrative expenses asso-
ciated with the program. The potential impact of the accident is

measured here by the mean number of thyroid nodules that would

occur within selected distance intervals. The reduction in acci-

dent impact is measured as the difference between the number of

thyroid nodules predicted if no protective actions are taken

(normal activity) and the number predicted if various protective
actions are implemented. Accident probabilities are their

expected occurrence rate per year of reactor operation. By com-

bining the costs with the accident probabilities and the estimated

... ._ _ - - . - - - _--. - - - - - .. . - _
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reduction in effe, cts, a cost-benefit ratio is generated. The

cost-benefit ratio for KI is interpreted as the expected

number of dollars to prevent a single thyroid nodule.
,

The cost-benefit ratio has'been evaluated for the GAP w/o
Isolation, Core Melt Melt-Through and Core Melt Atmospheric

accident categories over selected distance intervals out to 200

miles from the reactor. Because few, if any, nodules.are likely

for the gap activity release accident (GAP), that category has

not been addressed. Calculations were performed for a 3200 MWt

IPWR using a modified version of CRAC in the same manner as
;

described in Section 4. Several additional assumptions were made

to facilitate the analysis and to allow the presentation of

results in a concise and easily interpretable manner. All calcu-

lations assume that KI is 99 percent ef fective in reducing the

dose to the thyroid from inhaled radiciodines. This is obviously

a limiting case in that ip assumes that all affected individuals'

take the drug before or immediately af ter the cloud passes. A

| 50 percent average reduction *.for the population as a whole might

be more realistic for an actual accident situation. A uniform
.

population density of 100 persons per square mile is assumed

in calculating thyroid nodules.* * Results for real, or site-

specific, population distributions can be estimated by scaling

*e.g., 50 percent of the people take the drug before the
cloud arrives (99% reduction) and 50 percent do not take
the drug in time (0% reduction).

**Because costs are also assumed to be proportional to popu-
lation density, this assumption does not impact the cost-
benefit ratios calculated.

:
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results within each distance interval.2the 100 persons / mile
the

Finally, calculations were performed both with and without

0.1 ef fectiveness f actor for _I-131. discussed in Section 4.
,

_

Costs

The stockpiling, distribution, monitoring and administrative

costs of a KI program would depend on the specific stra,tegy of

implementation, and are difficult to estimate.
There fore, only

costs of the drug arethe original purchase and replacement

addressed in this analysis. The following assumptions are made :

1) Cost of KI per individual (14 tablets in a bottle) =

$0.50.*
is replaced every five years (i.e. , 5 year shelf2) KI

life).**
ns within a given distance

3) KI is available for all per-

interval.

4) No redundancy of KI locations ( i.e. , no extra tablets

are available).***t

|
,

*This value is consistent with the pr ice range ( S O . 41 to 0. 75,
|

depending on quantity) quoted by a U.S.
drug firm that manu-

| factures KI.
Foodtablets and solution cur rently approved by the U.S.

and Drug Administration (FDA) for marketing bear 2-year expira-**KI
stability should be possible.! improved oroductHowever,tions. a 5-year shelf-life is assumed here.Therefore,

distribution and administra ,importance of prompt* * * Consider ing thesome redundancy of storage locations would be desir-
able.

However, the extra cost that this would incur has not beenf
tion of KI,

included here.

. .
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The cost per year,to provide KI for all persons within an interval

is therefore equal to the number of persons in the interval x

$0.50/ person x 1/5 years.

2For the uniform population ' density of 00 persons / mile assumed

in generating the preceeding results, the number of persons located

within distance intervals would be as follows :-

.

.

Distance Interval No. Persons in Cumulative No.
(miles) Interval Persons

0-5 7,900 7,900
5-10 23,600 31,400

10-25 165,000 196,000
25-50 589,000 785,000
50-100 2,360,000 3,140,000

100-150 3,930,000 7,070,000
150-200 5,500,000 12,600,000

Using this information, the estimated annual cost for a KI program
within each interval is given below.

Distance Interval (miles) Cost (S/ year)

#

0-5 790
5-10 2,400

10-25 16,000
25-50 59,000
50-100 240,000

100-150 390,000
150-200 550,000

At an-assumed cost of S0.10 cer person per year, the annual cost

to implemen t a KI program for the entire U.S. would be about

$20 x 106 Other distribution strategies, such as regional

storage, could substantially reduce this cost.

.
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Potential Imoact of the Accidents

The mean number of thyroid nodules * that would occur within

selected distance intervals for the 3 accident categories addressed
'

are given in Table 6a, b and c. Results are presented separately
for 4 protective measure combinations: 1) normal activity, i.e.,

no protective' actions taken,** 2) normal activity plus 99 percent

ef fective KI, 3) sheltering *** and 4) sheltering plus 99 percent
ef fective KI. Although results are not specifically presented

for evacuation, they would range from 0 within all distance inter-

vals to approximately the values shown for normal activity (see
Section 5).

Potential Reduction in Thyroid Nodules

The potential reduction in the mean number of thyroid nodules
that would result by the use of KI is presented in Table 7. The

values provided were determined from those given in Table 6 a, b
and c. As an example, for the GAP w/o Isolation accident, the

mean number of nodules in the 0-5 mile interval is 1.77 for nor-
mal activity and 0.09 for normal activity plus 99 percent effec-
tive KI (Table 6a). The difference between these two numbers
(1.68) is the reduction afforded by using KI.

*For the Core Melt Atmospheric accident category, thyroid
doses can be suf ficiently high to result in ablated thyroids
as well as nodules. Mean numbers of ablated thyroids in
each distance interval are given in parenthesis in Table 6c.

** Shielding factors = 0.75 (cloud exoosure) and 0.33 (ground
exposure). 1-day exposure to ground contamination.

*** Shielding factors and ground exposure same as for normal
activity. 50 percent reduction in inhalation dose.
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Accident Probabilities

1 for theThe probability of occurrence estimated by the RSS

accident categories addressed in this analysis can be obtained
,

.

from the data in Table 2.

Estima ted Probability ~
RSS Categories (~oer reactor-vear)

GAP PWR9 4 x 10-4

GAP w/o Isolation PWR8 4 x 10-5

Core Melt Melt-Through PWR6-7 4.6 x 10-5

Core Melt Atmospheric PWR1- 5 1.4 x 10-5

The uncertainties in these probabilities are large. Error bounds

of factors of 1/5 and 5 on the values above were estimated in the
RSS. In 1978, the risk assessment review group (Lewis Committee),9

chartered by NRC to review the Reactor Safety Study, concluded -

"We are unable to determine whether the absolute probabilities of

accident sequences in WASH-1400 are high or low, but we believe that

the error bounds on those estima tes are, in general, greatly under-

stated." Operating experience data for light water reactors ( LWR)

can also be used to estimate an upper bound for the probability

of core melt. 22 Through the end of 1979, there had been approxi-

mately 450 years of LWR experience in the U.S., without a core

melt event.*23 Assuming a % distribution for such potential2

|
'

events, it can be shown that the probability of core melt is less

i

*Although the accident at Three Mile Island involved serious core
damage, it was not a core melt event.

|

|
|

b
#

. - . . - . - ,
-
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than 1.5 x 10-3 with 50 percent confidence, and less than 6.7
,

x 10-3 with 95 percent confidence.*22 These ' upper bound

probabilities are approximately factors of 25 and 100 times the .
'

RSS values above (4.6 x 10-5 + 1.4 x 10-5 = 5.0 x 10-5),

The RSS probabilities were used with the results in Table

7 to determine the potential reduction in the mean number of
~

thyroid nodules per year of reactor operation by implementing a
KI strategy. Those values, which are shown in Table 8, include

contributions from all 3 of the accident categories considered.**

Note that the contribution from the' Core Melt Atmosphereic category
dominates (95-100%).

Cost-Benefit Ratio

Combining the estimated costs and the results in Table 8,

estimated cost-benefit ratios for the use of KI are presented
in Table 9 in terms of S per nodule prevented, i.e., the expected

number of dollars to prevent a single thyroid nodule. The esti-

mated ratios range from 3.2 x 105 $/ nodule prevented (for the

0-5 mile interval, normal activity, and no 0.1 effectiveness factor

for I-131) to 3.7 x 108 S/ nodule prevented for the 150-200 mile

interval, sheltering and 0.1 effectiveness factor.

*Worldwjge LWR experience through 1979 was closer to 1000 reactor-
years. Using this value rathe inprobability estimates of 7 x 10-g than 450 years resultswith 50 percent confidence,and 3 x 10-3 with 95 percent confidence.

**The expected reduction per reactor year = 2[ t (ootential
reduction)i (accident probability)i, where i is the acci-
dent category.

- _. . _ - .
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Sensitivities .

Table 10 su$marizes a cost-benefit analysis performed specifi-
cally for the use of KI by children. The risk coefficient assumed,

6668 per'10 adult-rem,* is a factor of 2 higher than that assumed

in Table 9. Other assumotions include : no 0.1 effectiveness

factor for I-131, RSS accident probabilities, normal activ,ity,
and a uniform population density of 100 persons /squars mile. Only

the Core Melt Atmospheric accident category was addressed, although,

as shown earlier, this has a negligible effect on the predicted

results. The cost-benefit ratios i'n Tables 9 and 10 are not signi-

ficantly dif ferent for the intervals close to the reactor. This

is because the doses within those intervals are sufficiently high
to result in nodules for essentially all affected individuals,

regardless of the coefficient assumed. At larger distances, the

cost-benefit ratio in Table 10 is a factor of 2 lower, as expected.

Finally, Figure 11 summarizes an identical analysis performed
for children usin'g the APS upper bound risk coefficient of 6500

6thyroid nodules per 10 adult-rem to the thyroid. In this case,

the estima ted cost-benefit ratios range from 4.9 x 10 5 S/ nodule
6prevented within 0-5 miles to 2.2 x 10 S/ nodule prevented within

150-200 miles. Note that the ratio for the 0-5 mile interval

is actually higher than in Tables 9 and 10.**

.

3*This is also very close to the risk coefficient assumed by Beyea
for adults '(see Section 4) .

**For this assumed risk coefficient, the thyroid dose is still high
enough to cause significant numbers of thyroid nodules, even
with 99% effective KI.
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The cost-ben,efit ratios given in each of the tables above

were calculated for selected distance intervals from a single
reactor. However, if, for example, there were 2 reactors at a

,

particular site, the probability'of an accident at that site would

be twice as high, and the cost-benefit ratio for each distance

interval would be a factor of 2 lower. Similarly, in many areas

of the U.S., several reactors at different sites may contribute

to an individual's risk of thyroid damage. The extent to which

this would reduce the cost-benefit ratio for KI depends on a

number of factors, including the specific location with respect
to neighboring plants, wind direction frequencies, ~ reactor power
levels, etc. For example, there are approximately 13 reactors *

currently operating within 200 miles of New York City. Using

the data provided in Table 9 above, and ignoring wind direction

frequencies and differences in reactor power level and design,
the cost-benefit ratio soecific to New York City can be estimated

to be aporoximately a factor of 4 lower than if only one of the
Indian Point reactors was considered alone.** Similarly, for the

city of Chicago (which has more than 10 operating plants within

* Reactors (powe r level > 200 MWe) within 25-50 mile interval:,

Indian Point 2 and 3; 50-100 miles: Oyster Creek, Haddam
Neck, Millstone 1 and 2; 100-150 miles: Salem, Vermont Yankee,
Peach Bottom 2 and 3; 150-200 miles : Three Mile Island 1 and 2,

! Pilgt im .

**From Table 9, for normal activity and no 0.1 e f fectiveness factor,
NYg cost-benefit ratio for a single Indian Point reactor = 2.0 x
10 S/ thyroid nodule. Including all 13 reactors :

i 1 2 4 4 3, ,, ,# 7+cost-benefit ratio 2.0x10 6.2x10 2.0x10 4.2x107

and cost-benefit ra tio = 5.2 x 10 5 S/ thyroid nodule.

.
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200 miles), the c,ost-benefit ratio is approximately 5 times
lower than the ratio if only a single reactor was considered.

.

'7. Risk-Benefit Analysis -

As recorted in Section 2, the risk posed by the use of KI

as an emergency protective measure for reactor accidents was judged
by the NCRP to be minimal. Nevertheless, a brief analysis is

presented here to determine under what conditions, if any, the

risk posed by the drug might outweigh its potential benefits.

Assuming a risk of adverse reaction of 10-6 per dose of KI
(see Section 2), and that 10 doses would be administered to each

individual following an accident, the risk posed by the drug

equals 10-5 To estimate the thyroid dose for which the potential

benefit (reduced risk of nodule) and risk of KI are equivalent,

the following additional assumptions are made: risk coefficient

for individual = 3.34 x 10~4/ rem, no 0.1 effectiveness factor

for I-131, and 99. percent effective * use of KI reduces total

thyroid dose by 90 percent.** Then 10-5 = 0.9 (3.34 x 10-4/ rem) xx

(equivalent dose), and the equivalent dose = 3 x 10-2 rem. What

if other assumptions are made? Higher risk coefficients, such

as. those for children (see Section 3), would result in lower pre-

dicted equivalent doses. The administration of KI to everyone

within 360' of a site rather than only to exposed persons would

i increase the equivalent dose. For example, if the radioactive

*99 percent reduction in dose from inhaled radioiodines.

** Actual percentage reduction depends on the composition of the
release. For the accident categories addressed in this study,|

j roughly 90 percent of the thyroid dose is due to inhaled
| - radiciodines (see Table 5).
>
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plume was 15' wide, the equivalent dose would be a factor of 24

(i.e., 360/15) higher * (= 0.8 rem). Assuming only 50 percent

effective KI (rather than 99%), as well as 360' administration,
,

the equivalent dose would become' 2 rem. Finally, if a 0.1

effectiveness factor for I-131 is also assumed, the equivalent

dose is increased to approximately 5 rem.**

The range of equivalent doses calculated above for various

assumptions are all below the recommended level for use of KI

(10 rem, see Section 2). Therefore, at the recommended level,

the risk posed by the drug does appear to be small compared to

its potential benefits.*** ,However, several recent reports 24, 25

suggest that the risk associated with the drug may be signi-

ficantly higher than 10-6 per dose for certain segments of the
population. If this is confirmed, the risk-benefit conclusion

for KI would have to be reassessed.

*The individual would now be expected, on the average, to take
the drug 24 times as often (assuming a uniform probability
dis tr ibu tion for wind direction), and thus his risk would
increase by that factor.

**I-131 contributes aporoximately 75 percent of the dose from
inhaled iodines (see Table 5). With a 0.1 effectiveness
factor, the effective dose from inhaled iodines is reduced
by a factor of (0.75)(0.1) + (0.25) = 0.33. The potential
bengfit of 50 percent effective KI = 0.9 (0.33)(0.5g)(3.34x10~ )(thyroid dose) . Setting this equal to 24 (10- the,

equivalent dose = 5 rem.

***If the adverse reaction risk was 10-7 rather than 10-6 per
dose (see Section 2), the risk posed by KI would be minimal
compared to its potential benefits.

k

r
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8. Conclusions and Recommendations

This study was undertaken to provide guidance to policymakers

concerning the use of potassium iodide (KI) as an emergency protec-

tive measure for reactor accidents. Analyses were performed to

determine -1) the effectiveness of KI in realistic accident
s i tua t i'on s , 2) the population and distance to which (or area within

which) it should be distributed, and 3) its relative effectiveness

compared to other available protective measures. Although the

effective use of KI could significantly reduce the number of

thyroid nodules resulting from a se'rious accident, it would have

no, or only minor, impact on other accident consequences;

including immediate deaths or injuries, delayed cancer deaths,
and long-term land contamination. Therefore, the availability

of KI would provide only a supplemental strategy to be considered
along with other possible protective measures. ,

The study was performed using an updated version of the

Reactor Safety Study (WASH-1400) consequence model, CRAC.' Four

categories of accidents were addressed: gap activity release

accidents (GAP), GAP without containment isolation (GAP w/o Iso-

lation), core melt with a melt-through release (Core Melt Melt-

Through) and core melt with an atmospheric release (Core Melt

Atmospheric). A series of thyroid dose calculations showed that

the GAP category does not pose a significant health hazard to the

public at any distance from the reactor. For the GAP w/o Isola-

tion and Core Melt Melt-Through categories, doses in excess of

r ecommended protective action guidance levels (PAGS)(5-25 rem)

are confined to areas within approximately 10 and 15 miles of the

. . . .. . __ . _ _ _
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reactor, respectively. For the Core Melt Atmospheric category,
however, thyroid doses are likely to exceed PAGs out to 100's

of miles.
,

A cost-benefit analysis for'the use of KI was also performed,

the results of which are summarized in Table 12. Cost-benefit

ratios (S per thyroid nodule' prevented) are presented for

selected distance intervals, assuming that no other protective
measures are taken. The effect of evacuation and sheltering on

the predicted ratios is shown in Table 9 and discussed in Section

5. Evacuation has the potential to be 100% effective in reducing
all dose if accomplished before arrival of the radioactive cloud.

Sheltering was assumed in this analysis to provide a factor of 2

reduction in thyroid dose. Therefore, in both cases, the thyroid

dose reduction afforded by the supplemental use of KI would be

reduced, and the KI cost-benefit ratios presented in Table 12

wo'uld be correspondingly increased. '

The uncertainties in the estimated cost-benefit ratios are
very large. Key assumptions made in deriving the ratios are

noted in Table 12. The KI was conservatively assumed to be 99%

effective (i.e., all persons take the drug before the cloud :

passes). A more realistic effectiveness value might be 50%.
WASH-1400 accident probabilities were assumed. Probability uncer-

tainties have been estimated to be at least an order of magnitude

(see Section 6). Estimated costs for a KI program were conser-

vatively based on only the purchase price of the drug, and did
not include costs for distribution, monitoring and administrative

expenses. The ratios presented in Table 12 are appropriate if



.

.

*
. -

-31- .

there is only a single reactor within 200 miles. Many actual

sites would be influenced by several reactors, and cost-benefit

ratios could be reduced by factors of 2 to 5 (see Section 6).
,

Uncertainties in dose and health' effects parameters are also large
and could result in either higher or lower cost-benefit ratios.

To some extent, the large uncertainties in the above assump-
i

tions hinder our ability to provide definitive guidance. Never-

theless, for the assumptions made, the predicted cost-benefit

ratios are high; and even including uncertainties, KI appea's to
be only marginally cost-ef fective, at best.*

Finally, using statistics provided by the NCRP4, a simple

risk-benefit analysis showed the risk of adverse reaction posed
by KI at the recommended action levels and dosages to be small

compared to its potential benefits. However, several recent

reports 24, 25 suggest that there is a significantly higher risk

associated with use of the drug among certain segments of the

population. If this is confirmed, the risk-benefit conclusion
'

for KI would have to be reassessed.

Based on the above analysis, the following additional

tecommendations and comments are made :

*Although the total cost associated with a case of thyroid nodules
was not specifically addressed, an approximate upperbound of
$17,000 can be inferred from the information presented in refer-
ence 26 assuming 1) average hospital care costs of S2,000,
2) that hospital costs are 60% of all direct costs, and 3) that
indirect costs (economic losses due to mortality and morbidity)
are 4 times higher than direct costs.

. -
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The risk of thyroid nodules was shown to be dominated.

by the large releases associated with core melt

accidents in'which the containment fails directly to
~

-

,_ . . .

the atmosphere. Therefore, if design modifications,

such as filtered containment venting systems, are

imp'lemented to reduce the liklihood of those releases,

the potential benefit of KI could be substantially reduced.

Before any KI program is implemented, specific alterna-.

tive strategies for stockpiling and distributing the

drug should be examined to reduce costs and assure

effectiveness.

The use of common household items (e.g., handkerchiefs.

and towels) as respiratory filters may provide signi-

ficant additional orotection against dose due to inhaled

radionuclides and should be considered further in the
development of protective strategies.

:If a KI program is impleme)nted, responsible government.

agencies should give priority to establishing guidance

(PAGs) concerning when, or under what conditions, the

drug should be used.

Finally, whether or not a public KI dogram is implemented,.

it might be wise to have sufficient quantities of the drug

available at or near reactor sites for use by 1) site

personnel, 2) offsite emergency response personnel, and

3) controlled populations in offsite institutions (e.g.,

hospitals, prisons) where immediate evacuation would be

difficult or infeasible.

{
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Table 1. Summary of Release Categories Representing Ilypothetical Nuclear Reactor
Accidents (from Ref. 1)
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Table 2. RSS Calculation of Expected Cases per Million Man-Rem of Benign and Cancerous

Thyroid Nodules (from Bef el} . - -

Life Latent Years Age Benign Nodules Cancers
Age Group Fraction of Expectancy Ibriod at Dosc Risk Expected Risk Expected

a D D(years) _ Population (years) (years) Risk Factor Ccefficent Cases Coefficient Cases
___ __

0 - 0.99 0.014 J1.3 10 30)xi1 1.,0 81 3.4 4.3 l'. 8 -
, ,

| ~s ,x ,u * N-
.\. .s

1 - 10 0.146 69.4. 30 2 30 1 1.9 8 66.6 4.3 35.8
, ;

-

.t_

11 - 20 0.196 69 6 10 \ 30 1.6 8N 75.3 4.3 40.5.

_

'

21 - 30 0.164 . ,, 51.3_ 10 30 1 4 . 19.7 4.3 21.1

3L - 40 0.118 42.0 10 30 1 4 : 14.2 4.3 15.2
i

41 - 50 0.109 132.6 10 22.6 ,,. 1 4 9.9 U. 3 10.6., .

51 - 60 0.104 72'4.5' 10 14.5 1 4 6.0 4.3 6.5
\'

.,

61 - 70 0.080 17.1 ,10 7.1 1 4 2.3 4.3 ?s 2.4
.

- 'es<. s'< < , $.
.

.s~
71 - 80 0.044 11.1 10 1.1 1 4 ..t 0.1 4.3 0.2%

-
_

, . , ,

s s !
80+ ' O.020 6.5 10 0 1 4 0 4.3 P, s s

N 4,

, s .,
TOTAL s 200 134s .

~

t \
,'

.'
.m s.

-

~- ,

,
,

_

w

, , .ianatio of child to adult inhalation dose. See Tables VI-8-5 and 9-8 in reference 1. C

gg.serof'casespermill.ibn.populationperremperyear. . 1;,* ' '
t,.

- b '

~-.
, ,

. -
4 %

. . , .
. . _ . . . . . . . . 6
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hTable 3. Mean Thyroid Dose .,(rem) versus Dis'tance for Exposed Adult tocated Outdoorsc
The mean thyroid dose 'for a child would be approximately a factor of 2 higher.d s

f

Accident Category

Distance (miles) GAP GAP w/o Isolation Core Melt Melt-% rough Core Melt Atmospheric

1 5.7 x 10-2 55 25 1.3 x 104
..

5 4.0 x 10-3 3.9 1.7 5.8 x 103

10 1.1 x 10'3 1.1 5.2 x 10-1 3.2 x 103

25 1.7 x 10-4 1.7 x 10-1 7.6 x 10-2 1.1 x 103

50 4.2 x 10-5 4.2 x 10-2 2.0 x 10-2 3.8 x 102

100 1.1 x 10-5 1.1 x 10-2 5.9 x 10-3 1.0 x 102

150 3.8 x 10-6 3.8 x 10-3 2.6 x 10-3 36

200 1.9 x 10-6 1.9 x 10-3 1.0 x 10-3 16

a91 weather sequences were used to calculate a probability distribution of dose at each distance. W e mean
doses presented are the mean of those distributions.

bCalculated doses include: dose from inhaled radionuclides from cloud passage, plus external dose due to *

thepassingcloudplus1-dafep/s
sure to ground contamination.

categthingrate=2.66x10~
,

Shielding factors = 1.0 (cloud exposure) and 0.7 (ground exposure).m .
dRSS assumed age dose factor of 1.9 for children aged 1-10 (see Section 3).

~

l
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a DTable 4. Conditional Probability of Thyroid Damage versus Distance for Exposed Adult
Located Outdoors. Probabilities are conditional on the accident occurring.
Probabilities would be approximately a factor of 2 higher for a child.c

Accident Category

Distance (miles) GAP GAP w/o Isolation Core Melt Melt 'lhrough Core' Melt Atmosbheric

1 1.9 x 10-5 1.8 x 10-2 8.4 x 10-3 0.6d

5 1.3 x 10-6 1.3 x 10-3 5.7 x 10-4 0.7d

10 3.7 x 10-7 3.7 x 10-4 1.7 x 10-4 0.7d

25 5.7 x 10,-8 5.7 x 10-5 2.5 x 10-5 0.4d.

50 1.4 x 10-8 1.4 x 10-5 6.7 x 10-6 1.3 x 10-1

100 3.7 x 10-9 3.7 x 10-6 2.0 x 10-6 3.3 x 10-2

150 1.3 x 10-9 1.3 x 10-6 6.7 x 10-7 1.2 x 10-2

200 6.3 x 10-10 6.3 x 10-7 3.3 x 10-7 5.3 x 10-3

.

'
.

a
No 0.1 ef fectiveness factor for I-131 dose is assumed. VgluespresentedequaldosesinTable3 multipliedby assumed risk coefficient of 334 thyroid nodules per 10 adult-rem to the thyroid.

D1hyroid damage includes thyroid nodules (both benign and cancerous) and ablated thyroids.cSee Section 3.
d Probabilities are less than 1.0 because for some accidents and weather conditions, the energy of - -

release is sufficiently high to result in significiant plume rise. In these cases, the plume would
travel over the heads of individuals near the reactor, and resulting thyroid doses would be low. ' '

-

'

1
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Table 5.
Fractional Components of Mean 'Ihyroid Dose for Exposed Individual I

ncated Outdoors

Distance Interval
(miles) Inhaled Radioiodinesa

Inhaled
_ _I-131 Other Iodines Non-radiciodinesa

Cloud Ground
ExoosureDA. GAP Excosurec

0-25 0.67 0.25 0.0225-100 0.70 - 0.22 0.02 0.'030.03-

>100 0.77 0.16 0.03 0.020.04
0.02 0.02B. GAP w/o Isolation

0-25 0.68 0.2525-100 0.020.71 0.23 0.02 0.030.02>100
0.78 0.16 0.02 0.02 0.02-

''0.02 -

0.02C. Core Melt Melt 'Ihrough ,

i

0-25
0.65 0.16 0.1025-100
0.63 0.15 0.10 O 030.06'>100
0.63 0.09 0.09 0.030.09 0.16D. Core Nlt Atmospheric 0.03

0'-25 0.67 0.21 0.0725-100 0.72 0.20 0.01 0.04'>100 0.050.77 0.16 0.01 0.020.05 0 0.02 '

.

bBreathing rat.e = 2.66 x 10-4 m /s.3

Shielding factor for exposure to cloud = 1.0.
ci-day exposure to ground contamination. Shielding factor = 0.7.

.
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Table 6a. GAP w/o Isolation. Conditional Mean Number of Thyroid Nodules Within 9 elected
UDistance Intervals. A uniform population degsity of 100 persons / mile is assumed.Risk coefficient = 334 thyroid nodules per 10 adult-rem to thyroid.

Without 0.1 effectiveness factor for I-131
.

Distance Interval Normal Activity Sheltering
b 99% KIa 99% KI Sheltering(miles) Normal Activity

P

0-5 1.77 0.09 0.90 0.06
5-10 0.35 0.02 0.18 0.01

10-25 0.43 0.03 0.22 0.02
25-50 0.32 0.02 0.16 0.01
50-100 0.36 0.02 0.18 0.01

100-150 0.17 0.01 0.09 0.01
150-200 0.11 0.01 0.06 0

With 0.1 effectiveness factor for I-131

0-5 0.66 0.07 0.35 0.05
5-10 0.13 0.02 0.07 0.01

10-25 0.16 0.02 0.00 0.02
25-50 0.11 0.02 0.06 0.01
50-100 0.12 0.02 0.06 0.01

100-150 0.05 0.01 0.03 0.01
150-200 0.03 0.01 0.02 0

,.

aghielding factors = 0.75 (cloud exposure) and 0.33 (ground exposure). 1-da'y exposure to ground
contamination.

bShielding factors and ground exposure same as for normal acitivity. Inhalation reduction furtheer = 0.5.
.

!
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Table 6b. Core Melt Melt 'Ihrough. Conditional Mean Number of Thyroid Nodules W
Auniformpopulationdengityof100 persons / mile {thinSelectedDistance Intervals. is assumed.

Risk coefficient = 334 thyroid nodules per 10 adult-rem to thyroid.
,

Without 0.1 effectiveness factor for I-131

Distance Interval Normal Activity Shelteringa b(miles) Normal Activity 99% KI Sheltering 99% KI '

0-5 2.34 0.36 1.22 0.23
5-10 0.53 0.09 0.28 0.06

10-25 0.66 0.12 0.36 0.09
25-50 0.52 0.10 0.28 0.07
50-100 0.56 0.11 0.30 0.08

100-150 0.30 0.07 0.17 0.05
150-200 0.21 0.05 0.12 0'.04

.

'

With 0.l effectiveness factor for I-131

0-5 0.91 0.34 0.50 0.22
5-10 0.21 0.09 0.12 0.06

10-25 0.27 0.12 0.16 0.09
25-50 0. 21 0.10 0.13 0.07
50-100 0.23 0.11 0.14 0.08

100-150 0.12 0.07 0.08 0.05
150-200 0.08 0.05 0.06 0.04

Shielding factors = 0.75 (cloud exposure) and 0.33 (ground exposure). 1-day exposure to ground
contamination.

bShielding factors and ground exposure same as for normal activity. Inhalation reduction f' actor = 0.5.



~ -

.

.

Table 6c. Core Melt Atmosoheric. Conditional Mean Number of Thyroid Nodules ( Albated 'Ihyroids)2Within Selected Distance Intervals. A uniform population
Riskcoefficient=334thyroidnodulesper10gensityof100 persons / mileis assumed. adult-rem to thyroid.

Without 0.1 effectivenss factor for I-131

.

Distance Interval Normal Activity Sheltering
a b(miles) Normal Activity 99% KI Sheltering 99% KI

,

0-5 81 (137) 49 (0) 76 (92) 31 (0)
5-10 192 (292) 81 (0) 210 (146) 48 (0)

10-25 1110 (610) 181 (0) 918 (102) 109 (0)
25-50 2110 (210) 193 (0) 1190 (30) 115 (0)
50-100 2970 (20) 234 (0) 1520 (0) 140 (0)

100-150 1580 (0) 119 (0) 802 (0) 70 (0)
150-200 992 (0) 76 (0) 503 (0) 45 (0)

.

With 0.1 effectivenss. factor for I-131

0-5 73 (73) 46 (0) 76 (25) 29 (0)
5-10 231 (63) 75 (0) 158 (8) 46 (0)

10-25 735 (31) 168 (0) 403 (3) 102 (0)
25-50 836 (22) 177 (0) 448 (0) 107 (0)
50-100 995 (0) 214 (0) 520 (0) 129 (0)

100-150 473 (0) 108 (0) 247 (0) 64 (0)
150-200 280 (0) 68 (0) 147 (0) 41 (0)

.

a hielding factors = 0.75 (cloud exposure) and 0.33 (ground exposure). 1-day exposure to grounds
contamination.

bShielding factors and ground exposure same as for normal activity. Inhalation reduction factor = 0.5.
.
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Table 7. Potential Reduction in Mean Number of Thyroid Modules ( Ablated Thyroids) by
~

~
. .

Use of KI. 99% effective KI is assumed. Numbers are determined from Table 6.
.

Without 0.1 ef fectiveness factor With 0.1 effectiveness factor
for I-131 for I-131

Distance Interval
(miles) Normal Activity Sheltering Normal Activity Sheltering

GAP w/o Isolation

0-5 1.68 0.84 0.59 0.30,

5-10 0.33 0.17 0.11 0.06
10-25 0.40 0.20 0.14 0.06
25-50 0.30 0.15 0.09 0.05
50-100 0.34 0.17 0.10 0.05

100-150 0.16 0.08 0.04 0.02
150-200 0.10 0.06 0.02 0.02

Core Melt Melt-Through

0-5 1.98 0.99 0.57 0.28
5-10 0.44 0.22 0.12 0.06-

10-25 0.54 0.27 0.15 0.07
25-50 0.42 0.21 0.11 0.06.

50-100 0.45 0.22 0.12 0.06
100-150 0.23 0.12 0.05 0.03
150-200 0.16 0.08 0.03 0.02

Core Melt Atmospheric '

0-5 32 (137) 45 (92) 27 (73) 47 (25)5-10 111 (292) 162 (146) 156 (63) 112 (8)10-25 929 (610) 809 (102) ' 567 (31) 301 (3)25-50 1920 (210) 1080 (30) 659 (22) 341 (0)50-100 2740 (20) 1380 (0) 781 (0) 391 (0)100-150 1460 (0) 732 (0) 365 (0) 183 (0)150-200 916 (0) 458 (0) 212 (0) 106 (0)

.
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aTable 8. Potential Reduction per Year of Reactor Operation in Mean Number of Thyroid
bNodules by Use of KI. 99% effective KI is assumed. RSS probabilities are assumed.

Without 0.1 effectiveness factor With 0 1 effectiveness factor.

for I-131 for I-131

Distance Interval
(miles) Normal Activity Sheltering Normal Activity Sheltering

0-5 2.5 x 10-3 2.0 x 10-3 1.4 x 10-3 1.0 x 10-3

5-10 5.7 x 10-3 4.3 x 10-3 3.1 x 10-3 1. 7 x 10-3

10-25 2.2 x 10-2 1.3 x 10-2 8.4 x 10-3 4.3 x 10-3

25-50 3 0 x 10-2 1.6 x 10-2 9.5 x 10-3 4.8 x 10-3

50-100 3 9 x 10-2 1.9 x 10-2 1.1 x 10-2 5.5 x 10-3

100-150 2.0 x 10-2 1.0 x 10-2 5.1 x 10-3, 2.6 x 10-3

150-200 1 3 x 10-2 6.4 x 10-3 3.0 x 10-3 1 5 x 10-3

eReductions calculated from values in Table 7.

Expected reduction = (potential reduction)g (accident probability)g, where i is the accident category.
per reactor-year i

.

.

bIncludes ablated thyroids.
1

%

4
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Table 9. Estimated Cost-Benefit Ratios for Use of KI ($ per nodule pre-
venteda) 99% effective KI is assumed. RSS probabilities are assumed.

Without 0.1 effectiveness factor With 0.1 effectiveness factor
for I-131 for I-131

Distance Interval
(miles) Normal Activity Sheltering Normal Activity Sheltering

5b0-5 3.2 x 10 4.0 x 105 5.6 x 105 7.9 x 105 ,

55-10 4.2 x 10 c 5.6 x 105 7.7 x 105 1.4 x 106
5d10-25 7.3 x 10 1.2 x 106 61.9 x 10 3.7 x 106
6 625-50 2.0 x 10 e 3.7 x 10 6.2 x 106 1.2 x 107
6f50-100 6.2 x 10 1.3 x 107 2.2 x 107 4.4 x 107

100-150 2.0 x 107f 3.9 x 107
'

77.6 x 10 l.5 x 108

150-200 4.2 x 107f 78.6 x 10 1.8 x 108 83.7 x 10 -

.

aIncludes both nodules and ablated thyroids. Approximately 4% of the thyroid nodules will be fatal.bApproximately 80% of the reduced thyroid damage cases are ablated thyroids,19% are nodules and
1% are thyroid cancer fatalities (from Table 7).

cApproximately 70% are ablated thyroids, 29% are nodules and 1% are thryoid cancer fatalities.,

dApproximately 40% are ablated dayroids, 581 are nodules and 2% are dayroid cancer fatalities.
eApproximately 10% are ablated thyroids, 86% are nodules and 4% are thyroid cancer fatalities.
fApproximately 96% are nodules and 4% are thyroid cancer fatalities.

.

|

|
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Table 10. Cost-BenefitAgalysisforUseofKIbgChildren. Assumptions: risk coefficient = 668 thyroid
nodules per 10 adult-rem to thyroid, no 0.1 effectiveness factor for I-131, Core Melt
Atmospheric accident category only, RSS accident probabilities.

D'Ihyroid Nodules
(mean)c

Distance Normal -

Interval Normal Activity Cost-Benefit Ratio
(miles) Activity 99% KI Potential Reductionc Reduction (nodules /yr)c ($/ nodule prevented)

0-5 270 91 179 2.5 x 10-3 3.2 x 105

5-10 625 157 468 6.5 x 10-3 3.7 x 105

10-25 2510 361 2150 3.0 x 10-2 5.3 x 105
.

25-50 4190 386 3800 5.3 x 10-2 1.1 x 106
,

50-100 5930 467 5460 7.6 x 10-2 3.2 x 106

100-150 3170 238 2930 4.1 x 10-2 9.5 x 106

150-200 1980 151 1830 2.6 x 10-2 2.1 x 107<

.

Includes age dose factors and risk coefficients from RSS (see Section 3). *

bTncludes both nodules and ablated thyroids.
2cAssumes a uniform population density of 100 persons / mile ,

,

M
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Table 12. Summary Table for KI Cos t-Be n e f i. t. Analysisa,b (from Table 9)

Normal Activity
Distance Interval Cost-Benefit Ratio

(miles) ($/ thyroid nodule prevented)
0-5 3 x 105
5-10 4 x 105

10-25 7 x 10 5
25-50 2 x 106
50-100 6 x 106

,

100-150 2 x 107
150-200 4 x 107

a Key Assumptions
.

1. 99% effective KI (i.e., all persons take drug before cloud passes).
2. No other protective measures are taken.

.

3. WASil-1400 accident orobabilities.
4. Estimated cost of KI program = $0.10 per person per year. Assumed

cost includes only the purchase price of KI, i.e., no costs for '

distribution, monitoring and administrative expenses. ,

5. Only 1 reactor (3200 MWt PWR) within 200 miles.
6. WASil-1400 dose-effects coefficients (no 0.1 effectiveness factor

for I-131 dose).

buncertainties are large and scale approximately linearly with assumed
KI ef fectiveness, accident probabilities, cost, multiple reactors, and
dose-effects coefficients. '

.
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Cost-Benefit Analysis for Use of KI by Oiildren. Assum APSa upper-bou
coef ficient for children of 6500 thyroid nodules per 10gtions: adult-remtothyroid,gdrisk

Table 11.
no 0.1

effectiveness factor for I-131, Core oblt Atmospheric accident category only, RSS accident
probabilities.~

'Ihyroid Noj< ules
c

(mean)
-Distance Nornul

Interval Normal Activity Cost-Genefit Ratio
d Reduction (nodules /yr)d (S/ nodule orevented)(miles) Activity 99% KI R'catial Reduction

0-5 374 262 112 1.6 x 10-3 4.9 x 105

5-10 1020 506 434 6.1 x 10-3 3.9 x 105

10-25 5590 2430 3160 4.4 x 10-2 3.6 x 105

25-50 12,600 3500 9100 1.3 x 10-1 4.5 x 105

50-100 31,600 4530 27,100 3.8 x 10-1 6.3 x 105

100-150 28,400 2320 26,100 3.7 x 10-1 1.1 x 106

150-200 19,300 1470 17,800 2.5 x 10-1 2.2 x 106

'

toerican Physical Society [9).
b Includes age dose factor of 5.0.
Includes both nodules and ablated thyroids.c

2dAssumes a uniform ponulation density of 100 persons / mile , ,

*

.
* 9 e

% 't gg



i

4.4

.

.

, s ..

, . ..

=%

September 18, 1980 SECY-80-257A

E BLE DCOLV
COMMISSIONER ACTION

For: The Oc=miccicncrc ! \I Y //

})'', .* *
Thru: Acting Executive Director for Operations "

From: Harold R. Denton, Director
Office of Nuclear Reactor Regulation

Subject: RADIATION PROTECTION - THYROID BLOCKING

Purpose: To provide additional information with respect to the possible
side effects of potassium iodide and to obtain approval for
the issuance of a revised interim policy statement with regard
to the stockpiling of potassium iodide for use during reactor
emergency conditions. (Enclosure 1)

Discussion: As requested by the Commission, members of the staff attended
a session entitled " Iodine: Good or Evil After Nuclear
Accidents" at the June 18, 1980 meeting of the National
Endocrine Society.

A meeting report, authored by two staff members from the
Office of Standards Development is enclosed (Enclosure 2)
which summarizes the session. The Food and Drug Administration
now has in process a more detailed analysis of the potential
side effects discussed at this session.

In a related development, the Interorganizational Advisory
Committee (IOAC) on Radiological Emergency Planning and
Preparedness has reviewed the recommendations in SECY-80-257
and has provided ccmments which are in Enclosure 3. As
requested by Commissioner Bradford, the interim policy state-
ment has been revised to reflect that NRC practice now
requires the stockpiling of potassium iodide for at least
onsite and offsite emergency workers in conjunction with
new emergency plan approvals. (Enclosure 1)

The staff believes that while the recommendations below could
be effected by inclusion of criteria in the revision of the
joint NRC/ FEMA criteria document (NUREG-0654; FEMA-REP-1)
it is desirable'for the Commission to go on record in this
policy area.

CCNTACTS: Brian Grimes, NRR -

Ext. 27415 Ns
.

Roger Blond, RES '

Ext. 28388

c:(*oo
. . . . . . . . . . _ . . . _ . . . . . . . . . _ .
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Recommendation: It remains the staff recommendation that the Commission
adopt an interim policy (Enclosure 1) encouraging storage,
of potassium iodide for use during a reactor accident of
quantities needed for the following segments of the popula-
tion where controls can be clearly maintained for the
required length of time:

1. Site personnel; ~

2. Offsite energency personnel; and

3. Offsite institutions within about 10 miles (e.g. ,
hospitals, prisons) where immediate evacuation may
be infeasible or very difficult.

After consideration of' the recommendations in the ICAC
position statement (Enclosure 3) the staff concludes that
consideration should also be given to sending a letter to
FEMA requesting a study of the feasibility of establishing
a single national stockpile and developing a distribution
plan and system including estimates of times to transport
and distribute the KI to the general public within various
regions of the country. A draft letter to FEMA is providad
in Enclosure 4.

Coordination: The Office of Research and the Office of Standards
Development concur in this recommendation. The Office
of the Executive Legal Director has no legal objection.

L en(.

Office of uclear Reactor Regulation

Enclosures:
1. Interim Policy Statement
2. Meeting Report of Endocrine

Society Meeting
3. IOAC Comments on NRC

Statement of Interim
Commission Policy

4. Draft Letter to FEMA

.

- -
.- -
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Commissioners' comments should be provided directly to the Office of the Secretary
by c.o.b. fionday, October 6,1980.

Commission Staff Office comments, if any, should be submitted to the Commissioners
NLT September 21, 1980, with an information copy to the Office of the Secretary.
If the paper is of such a nature that it requires additional time for analytical
review and comment, the Commissioners and the Secretariat should be apprised of
when comments may be expected.

.

.

DISTRIBUTION
Commissioners . -

Commission Staff Offices
Exec Dir for Operations
ACRS
Secretariat

.
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ENCLOSURE NO. 1

NUCLEAR REGULATORY COMMISSION
,

Statement of Interim Commission Policy on Stockpiling Potassium Iodide

For Use During a Reactor Accident

STATEMENT OF POLICY

The Nuclear Regulatory Commission has adopted an interim policy on the stockpiling

of potassium iodide for use during a reactor accident. The Commission ene arages

storage of potassium iodide for use during a reactor accident of quantities

needed for the following segments of the population where controls can be clearly

maintained for the required length of time:

1. Nuclear power plant site personnel;

2. Offsite emergency response personnel; and

3. Offsite institutions (e.g. , hospitals, prisons) within about 10 miles of

reactors where immediate evacuation may be infe'asible or very difficult.

Although the effective use of potassium iodide could significantly reduce the

nu tber of thyroid nodules resulting from a serious accident, it would have

little or no impact on other possible accident consequences (immediate deaths,

injuries, delayed cancer deaths, and land contamination) . Therefore, the

availability of potassium iodide provides only a supplemental strategy to be

considered along with other possible protective measures.

Current NRC practice for approval of new emergency plans for the use of potassium

iodide as reflected in NUREG-0654 " Criteria for Preparation and Evaluation of

Radiological Emergency Response Plans and Preparedness in Support of Nuclear

Power Plants", January 1980, and NRC Task Action Plan III.A.1 is to require

sdequate supplies for individuals in the first two categories listed above.-

.
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SUPPLEMENTARY INFORMATION

During the past year there has been a resurgence of interest in the use of '

potassium iodide (KI) as an emergency protective measure for serious reactor

accidents. To develop an adequate rationale concerning the storage of KI, it

is necessary to evaluate the costs, potential benefits, and potential risks

associated with its public use. A study has been performed by Sandia Laboratories

and the NRC staff to provide the needed technical basis for establishing a policy

concerning the storage and maintenance of KI for public use in an emergency.
.

The Sandia analysis was performed using a modified version of the Reactor

Safety Study (WASH-1400) consequence model. Four categories of accidents were

studied: release of gap activity * to the containment, release of gap activity

without containment isolation, core melt with a melt-through release and core

melt with an atmospheric release. Thyroid dose calculations show that gap release

to the containment does not pose a significant health hazard to the public at

any distance from the reactor. For a gap release without containment isolation

and melt-through categories, doses in excess of recommended protective action

guidance levels (PAGs) (5-25 rem to the thyroid) are confined to areas within

approximately 10 to 15 miles of the reactor. For a low likelihood core melt

with a direct atmospheric release, however, thyroid doses may exceed plume

pathway PAGs at distances of 100 to 200 miles. These results are consistent

with the results of the NRC/ EPA task force report on the recommended planning

basis for offsite emergency preparedness (NUREG-0396 " Planning Basis for the

Development of State and Local Government Radiological Emergency Response Plans

in Support of Light Water Nuclear Power Plants".

* Gap activity is the limited amount of radioactive gaseous material which
. collects within the tube which holds the uranium dioxide fuel pellets during.

normal reactor operation.
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A cost-benefit analysis for the use of KI was performed by Sandia, the results

'

of which are summarized in table 1. Cost-benefit ratios (S/ thyroid nodule

prevented) are given assuming that no other protective measures are taken.

(KI would protect only the thyroid, not other body organs, and only from

radiciodine, and then only if ingested within about 2 hours after radiciodine

inhalation, or within about 12-24 hours before radioiodine inhalation.) Other

key assumptions made in performing the analysis are also noted. Uncertainties

due to health effects parameters, accident probabilities and costs were assessed,

as well as the effect of other potential protective measures on predicted ratios.,

such as evacuation and sheltering. The potential impact on children (critical

population) was also evaluated. The estimated cost-benefit ratios are high,

and it appears that distribution of KI to the general public would be, at best,

marginally' cost-effective even close to a nuclear power plant.

.

Finally, a simple risk-benefit analysis, based upon the FbA published Federal-

<t,

Register Notice (43 FR 58798, December 15, 1978) showed the risk of adverse

reaction posed by KI to be small at the recommended action levels and dosages.;

|
,

*

It should be noted, however, that some recent reports indicate that there is

a significantly higher risk associated with use of the drug among certain

segments of the population. Because of this potentially higher risk to certain

individuals, the administration of KI requires decisions by qualified medical

personnel. In addition, those to whom KI is administered should be alerted

| to possible harmful side effects. To the maximum extent practicable, such

(
' decisions and alerts should be made in advance as a part of the emergency

preparedness program. In addition, the NRC has requested the FDA to provide

i

1

-- _ __
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additional guidance on the conditions under which KI should be administered

to the general public. When the FDA guidance is received, the Nuclear Regulatory

Commission will again consider the advisability of stockpiling KI for use by

members of the general public during a reactor accident. NRC has also requested

that the Federal Emergency Management Agency (FEMA) conduct a study to determine

the feasibility of stockpiling and distributing KI to the general public in

the event of an emergency.

FOR FURTHER INFORMATION CONTACT: Brian K. Grimes, Program Director, Emergency

Preparedness Program Office, Office of Nuclear Reactor Regulation, U. S. Nuclear

Regulatory Commission, Washington, D. C. 20555, phone 301-492-7415, or

Roger Blond, Probabilistics Analysis Staff, Office of Nuclear Regulatory

Research, U. S. Nuclear Regulatory Commission, Washington, D. C. 20555,

phone 301-492-8388.

Dated at Washington, D. C., this day of 1980.

FOR THE NUCLEAR REGULATORY COMMISSION

Samuel J. Chilk
Secretary of the Commission

i

.

|

| .
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SUMMARY OF KI COST-BENEFIT ANALYSIS

KI Purchase Cost (S/ year)
Distance Interval Cost Benefit Ratio

(Miles) 100 people /sq mile 1000 people /sq mile (S/ thyroid nodule prevented!

0-5 790 7,900 320,000 -

5-10 2,400 24,000 420,000-

10-25 16,000 160,000 730,000
25-50 59,000 590,000 2,000,000
50-100 240,000 2,400,000 6,200,000

-100-150 390,000 3,900,000 20,000,000
150-200 550,000 5,500,000 42,000,000

e~K~:y Assumptions~

1. 99% effective KI (i.e. , all persons take drug before cloud passes) .

2. No other protective measures are taken.
.

3. WASH-1400 accident probabilities.

4. Estimated cost of KI program = S0.10 per person per year. Cost includes only purchase
price of KI, but not the storage, distribution, monitoring and administrative expenses.

5. Only 1 reactor (3200 MWt PWR) within distance indicated.

6. WASH-1400 dosa-effects coefficients (assumption of a 0.1 effectiveness factor for
I-131 dose would increase the costs per benefit received by about a factor of three) .

b
Uncertainties are large and scale approximately proportional with assumed KI effectiveness,
accident probabilities, cost, multiple reactors, and dose-effects coefficients.

References

1. WASH-1400 (NUREG 75/014) , U. S. Nuclear Regulatory Commission, October 1975.

2. D. C. Aldrich, P. E. McGrath and N. C. Rasmussen, Examination of Offsite Radiological
Emergency Protective Measures for Nuclear Reactor Accidents Involving Core Melt,
SAND 78-0454 (NUREG/CR-1131) Sandia Laboratories, Albuquerque, New Mexico (1978).

3. J. G. Cural, et al. , Potassium Iodide Sensitivity in Four Patients with Hypoccmple-
mentemic Vasculitis, Annals of Internal Medicine, Vol. 91, No. 6, December 1979.

4. B. J. Rosenstein, et. al., Iodide-Induced Hypothyroidism without a Goiter in an
Inf ant with Cystic Fibrosis, Journal of Pediatrics, Vol. 93, No. 2, August 1978.

5. D. C. Aldrich, R. M. Blond, Examination of the Use of Potassium Iodide (KI) As
An Emergency Protective Measure for Nuclear Reactor Accidents, SAND 80-0981 (NUREG/
CR-1433) Sandia Laboratories, Albuquerque, New Mexico (March 1980).
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, p / "'49 UNITED STATES
'

s

J,: og NUCLEAR REGULATORY COMM!sslON
; q, e. ( i ; WASHINGTON D. C. 20555
iF '!

(be5
.....' July 9,1980

.

ME40RANDU4 FOR: Michael A. Parsont, Chief
Radiological Health Standards Branch, OSD

FRQ4: Harold T. Peterson, Jr. ,. RHSB
Robert E. Baker, RHSB

SUBJECT: ENDOCRINE SOCIETY MEETING ON THYROID BLOCKING AS A
PROTECTIVE ACTION FOLLO.4ING NUCLEAR ACCIDENTS

Purpose: To report on the meeting which is related to an interim
Commission policy statement on thyroid blocking proposed
by NRR and RES (SECY-80-257).

MEETING REPORT

On June 18, 1980, the Endocrine Society * sponsored a symposium, " Iodine:
Good or Evil After Nuclear Accidents. "

The meeting was chaired by Dr. J. E. Rall, Scientific Director of the
National Institute of Arthritis, Metabolism and Digestive Diseases (NIA'4DD).
The participants were:

.

Dr. Jan Wolff, Medical Director, Clinical Endocrinology Branch, NIR4DD

Dr. Herbert Kouts, Chaiman, Department of Nuclear Engineering,
Brookhaven Nationei Laboratory

Dr. Rosalyn S. Yalow, Senior Medical Investigator, Veteran's Administration

Other speakers inc'uded Dr. Eugene Saenger (Chaiman of the Ad Hoc Committee
on Thyroid Blocki ig of the National Council on Radiation Protection and
Measurements) and Dr. Frank von Hipple (Princeton University).

[

Dr. Rall presented a brief review of data on radiation induced thyroid
cancers (ca cinomas) and benign thyroid tumors and nodules (adenomas).
From these data, he concluded that:

1. Exposure to radiation can be carcinogenic for the thyroid
(2. 5 x 10 6 cases per year per rad for adults).

2. The age of the exposed individual is an important factor (risk
for children might be 2 to 10 times greater than that for adults),
particularly for young girls (< 10 years old), where the relative
risk may be 4. 2 compared to 5.3 for adult females.

\ p;n s:y por NI
*The thyroid gland is an endocrine (hormone-secreting) organ and the society
is composed of medical practioners and research workers in the field of
endocrinol ogy.
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3. the risk from exposure to I-131 is less than that from equal expo-
'

sures to x-rays (doses from I-131 appear to be less carcinogenic than
from x-rays by a factor of 1/2 to 1/5). More conclusive evidence
to support this might be forthcoming from a joint NIH-FDA (BRH)
epidemiological study.

4. Certain drugs (such as methyl thiouracil) which stimulate thyroid ,

homone production can enhance the. production of thyroid cancers
following irradiation.

.

5. Current projections of the thyroid cancer risk from radiation
appear to significantly overestimate the risk compared to the
findings of a large Swedish epidemiological study (Lars-Erik Holm,
1980).

Dr. Kouts briefly discussed the results of the Reactor Safety Study (WASH-
1400) and the iodine inventories in large nuclear reactors. He noted that,
although the cumulative probability curves for thyroid nodule production
in WASH-1400 appear to show large numbers of nodules, the expected value
integrated over all accidents is around 0. 01 nodule per reactor-year, which
i s l ow. He also noted that in the Three Mile Island Accident there were
large releases of iodines from the fuel but comparatively little release
to the environment. One possible mechanism for the large observed iodine
retention might be the release of iodine from the fuel as cesium iodide
(CsI) which is highly soluble in water. Based upon the experience at Three
Mile Island, Dr. Kouts suggested that the Reactor Safety Study may have
substantially overestimated the thyroid doses and their health impact.

Dr. Wolff reviewed the effectiveness of potassium iodide (KI) as an agent '

for blocking radiciodine uptake by the thyroid. He pointed out that the
effective blocking amount (130 milligrams of KI) was lower than the dose

; (300 mg) of KI commonly taken by asthmatics. The duration of the blockage
was 24-36 hours with this dose, but for most effective blocking, KI adminis-
tration should be repeated daily for 10-14 days if the need persists.
Given in an oral dose, the KI takes at least 30 minutes to become effective
and is most effective when administrated before or directly after exposure

i to radiciodine.
1

Dr. Wolff also discussed the side effects of KI. These could be divided
into two classes: interthyroidal and extrathyroidal. The interthyroidal
effects include:

| 1. Thyroiditis - an inflamation of the thyroid -- is associated with
large doses and is very rare.

2. Hypothyroidism -- suppression of thyroid function. One report in
the U.K. found 3 cases out of 31 treated with KI, but this would
mean 50,000-100,000 cases in the U. S. for the size of the population
presently taking iodine compounds for medical reasons, whereas only
5 cases per year might be reported.

'

1

|
|

.- - . - _ - . .
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* s 3i Jodbasedan -- an iodine-induced thyrotoxicosis (toxic effect) ----

'

this is generally associated with large doses of iodine given to'

persons with existing iodine deficiencies.

4. Goiter -- (Swelling of thyroid). This appears to be the most serious
effect as it can result in respiratory distress in infants. Caution
is indicated in administering KI to pregnant women or infants.

.

The extrathyroidal effects include: .

1. Saladenitis (iodine mumps) -- swelling of the parotid and submaxillary
glands (goes away when administration of KI is stopped).

2. Rinorhea -- polyp fonnation in the nasal and sinus cavities.

3. Iodine fever -- high temperature -- similar to flu.

4. General toxic effects (accompanied by metallic taste): nausea,
pains in the joints, diarrhea.

These toxic effects generally occur with KI doses greater than 100 mg doses
recommended for prophylactic measures, if they occur at all.

Other extrathyroidal effects could appear in people with allergic sensitivity
to iodine. These effects include:

1. Skin rashes (treatable with sulfa hannones)
2. Edema (retention of water)

~.

3. Swelling around joints.

4. Depletion of certain white blood cells (eosinophilia periarteritis) ~

5. Enlargement of and discoloration of blood vessels (thrombocytopenic
purpura)

Dr. Wolff said that most of these effects were relatively rare and not
serious. Few effects have been reported despite the use of 50 million
doses per year of 300 milligrams of KI. Because of the effectiveness of
KI in blocking thyroid uptake and the small and non-severe nature of the
side effects, he favored distribution and stockpiling of potassium iodide
for nuc? ear emergencies. He noted that precautions would be advisible
for:

1. Pregnant women beyond 3-4 weeks in term because of the possible risk
of iodine goiter in newborn infants.

2. People with nodular goiters.

3. People with hypocomplementemic vasculitis (vascular disease).

- _ _._
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' 4.' Persons with dematitis herpetitomis, a skin disease which is character-r

.
.

ized by a hypersensitivity to iodine.

Dr. Rosalyn Yalow of the Veteran's Administration represented the case
against administration of KI to the seneral public without adequate medical
supervision. She believes that existing estimates of radiation-induced
thyroid cancer are overestimates:

P
'

1. The thyroid doses received by the Marchallese were underestimated
as evidenced by the high percentage of hypothyroidism found. Thi s
is generally associated with very high (kilorad) doses._

2. The Utah fallout study (45-100 rads to children's thyroid) showed
no obvious effects. The only two thyroid cancers were found in
unexposed controls.

3. The risks estimated in WASH-1400 (von Hipple's risk estimate would
be twice as high) would lead to estimates of 334,000 thyroid nodules
and 70,000 thyroid cancers in patients exposured (1948-1968) to in-vivo *
thyroid diagnostic tests with radiciodine-131. As the expected natural
incidence of thyroid nodules would be only 1000 year, it is unusual
that more cases were not cbserved.

4. The nonnal incidence of thyroid cancer in Japan is almost ten times
greater than that in the R S. Therefore, risk derived from the atomic
bomb followup might not be applicable to the R S.

Dr. Yalow also indicated that most of the side effects of potassium iodide
would not be significant enough to be reportable to the FDA or unusual

,'

enough to be reported in medical journals and, therefore, would be under
reported. She noted one reported case involving rhumatoid arthritis or
lupis that could have had fatal complications if it had not been promptly
treated. (3% of the R S. population has rhumatoid arthritis). She also
noted that the dennatological reactions to iodine are fairly common (1% of
the population is sensitive) and that about one fifth of these may be
serious.

|

Dr. Yalow also stressed the lack of pre-planned methods of distribution
| and the possible panic reactions of a population in trying to obtain KI

in the event of a nuclear emergency. She noted that the cost estimates
( for KT do not include warehousing and distribution costs which tre apt

to be larger than just the purchase cost of the drug. Regarding the lack
of serious side-effects in the R S. population using 48,000,000 dcses of

' KI annually, she noted that a typical asthmatic takes 3-6 doses daily
(1100-2200 doses per year) so that only 22,000-44,000 people, a small
fraction of the R S. population, are involved. She advocated reliarce;

upon other prophylatic measures (staying indoors, sealing up houses, or,

evacuation) which would be preferable to unsupervised distribution of KI
to the general public.

| *These tests have been generally replaced by in-vitro radioimmuno assay
' (RIA) tests that do not involve radiciodine administration to the patient.
!
t

.
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. '# Dr. von Hipple noted the high incidence of thyroid cancer in the Marchallese
'

-

following their exposure to close-in atomic fallout and the thyroid
projections for serious nuclear accidents as reasons for distribution
and stockpiling of KI. He also mentioned a 1973 Oak Ridge study that
indicated that it might not be possible to distribute KI quickly enough
(within 1-2 hours) to be effective following a nuclear accident.

Dr. Saenger briefly reviewed the findings of NCRP Report 55 on thyroid '

bl ocking. He noter that most pharmaceut'ical manufacturer's were reluctant
to produce this dosage of K1 because of the,1ack of a continuing market.
He mentioned that the NCRP was trying to organize a symposium on thyroid
blocking in conjunction with the World Health Organization. This might
he held in Washington next year. Dr. Saenger also suggested that individuals
living near reactors might individually procure KI if they were concerned.

During a panel discussion, Dr. Wolff noted that, following a 100 milligram
blocking dose, daily doses of only 15 mg of KI would still provide 98-97%
blocking of radiciodine uptake compared to the 99. 5+% blocking afforded
by a 100 mg KI daily dose. This would trade-off the higher 2-3% radiciodine
uptake against less side effects. One commentor from the audience noted
concern regarding the potassium content and.its possible fatal effects on
people with renal hypertension. These potential effects had been overlooked.

CONCl_USIONS

There appeared to be general agreement that agencies responsible for decisions
on the use of thyroid blocking drugs should further study the problem and
give careful consideration to the management and administration of the
program. s

Dr. ,Yalow was asked whether she believed that administration of KI to

reactor operators and emergency personnel was advisable provided:

1. that is was done under medical supervision (private or company physician)

2. individuals were pre-screened for iodine sensitivitity with small doses
of KI.

Dr. Yalow agreed that this would be desireable as these workers could be
subjected to repeated exposures to radiciodine and constitute a controlled
population.

/ -
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Harold T. Peterson, Jr. -

Radiological Health Standards Branch
Office of Standards Development

k
Rob t E. aker
Rad ological Health Standards Branch
Office of Standards Development
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ENCLOSURE NO. 3

.

Cc==ents Regarding the .TRC
State =ent of Interim Cc==ission Policy on

Stockpiling ' Potassium Iodide
For Use During a Reactor Accident

Th2 Interorganizational Advisory Cc==ittee (IOAC) or Radiological Energency Planning
and Preparedness reviewed the above docu=ent at its =ceting June 2-5, 1980
tha following ec==ents for consideration by the NRC: ~

and sub=its

1. We are in accord with the concept of stockpiling of petassiu= iodide (KI) for
use during a reactor accident by: -

i

Nuclear power plant site personnel;a.
.

b. Off-site e=ergency response. personnel (including telephene repair =en, etc. );
and

Off-site institutions (hospitals, prisons, etc. ) within about 10 =11es ofc.

reactors where i==ediate evacuation =ay not be feasible or very difficult.
2. The IOAC recc== ends a local stockpile of KI equivalent to that necessary to pro-

vide the general public three days ' doses. Further, the federal govern =ent
should stockpile on a regicnal or national basis four-seven days ' deses for the
largest populatien within ten =iles of a nuclear plant viShin the region or
nation. Purchase of the lo< 11 supply should either be by the utility or federal
govern =ent.

3. Due to the videspread publicity regarding use of KI at Three Mile Island, the
general public is aware of the potential benefits of taking the drug and is al-
ready inquiring about stockpiles around plants. To advise the= ve aren't going
to store it could cause another undue roadblock in the development of nuclear
power plant e=ergency response capabilities.

,

i
h. The use of the cost-benefit ration (dollars per thyroid =odule prevented) is

very questienable. The caluculation includes use of accident probabilities
(cere =elt = 5 x 10->) and is fraught with uncertainty.

5 The docu=ent i= plies side-effect risks are considerably higher than was discussed
in the Dece=ber 1973 notice in the Federal Register en this subject. Has there
been additional data obtained er is this si= ply a different interpretatien?

6. Although procedures may preclude ti=ely distribution of the stockpiled dng,
> subsequent releases frc= the power plant =ay enchance the use of KI as a thyroid
blocking agent.

.
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Enclosure No. 4r

;
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DRAFT LETTER TO FEMA
.

.

Mr. John W. Macy, Jr.
DLrector
Federal Emergency Management Agency

,

Washington, D. C. 20472 '

Dear Mr. Macy:

' During the Commission's deliberations on the need for potassium iodide to

reduce radiation exposures to the thyroid _ gland in a reactor emergency, the

potential side effects of this drug as well hs its potential benefits were

at issue. While we still await further word from FDA on the potential side

effects, the NRC believes that the nature of the hazard warrants interim

measures to encourage use at -' under controlled conditions. A policy

statement which the NRC pla.._ co publish and which we hope can be incorporated

in joint NRC/ FEMA criteria documents is enclosed.

.

In addition, it appears warranted to use to request FEMA to study the -

feasibility of establishing a national stockpile of the drug and developing
.

a distribution plan and system including estimates of times to transport and

distribute potassium iodide to the general public within various regions of
s'

the country. .

Your thoughts on this proposal, and course of action shculd you agree with
i

the proposal, would be appreciated.

Sincerely,
f

b

'

John F. Ahearne
Chairman

>

Enclosure:
.. Policy Statement..

4
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