UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D C 20555

September 3, 1982

Mr. Kevin H. LeClair
Box 525 IN RESPONSE REFER
Belgrade Lakes, ME 04918 TO FOIA-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 Tists 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 2214]

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, I1linois; 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 DOE'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

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

Letter tu Honorable Patricia Harris from Joseph M. Hendrie, November 21,
1975.

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

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

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

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

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

Testimony of Brian K. Grimes regarding Potassium lodide, undated.

List of Nuclear Fuel Assembly Plants Currently in Operation.

Map of Low-Level Radioactive Waste Depositories.




Re: FOIA-82-371

Appendix B

NUREG/CR-1433, "Examination of Use of Potassium lodide as Emergency
Protective Measure for Nuclear Reagtor Accidents." - $4.00

ACRS Transcript Concerning Radiation Protection and the Use of
Potassium lodide as a Thyroid Blocking Agent, June 23, 1982.
FOIA-82-302 - Susan Hiatt. (357 pages)
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Discussion:

Contact:
M. A, Parsont

UNITED STATES

o 1313 NUCLEAR REGULATORY COMMISSION SErY. ]84350

WASHINGTON, D. C. 20555

INFORMATION REZPORT

The Commissioners

Robert B. Minogue, Director
Cffice of Standards Development

Lee V. Gossick S e :
Executive Director for Cperations ==~

THYROID PROTECTION

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 Radioiodine." (Enclosure 1)

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

This article presents calculations of thyroid cancers that weuld
result from the release of large amounts of radioiodine. In
addition it compares, superficially, the alterr vLives of evacua-
tion, thyroid blocking and confiscation of milk, alteration of
dairy cow feed sources and monitoring the food chain. Further,
it presents an analysis of long-term lecal and medical effects
and recemmends the distribution and storage of potassium iodide,
K1, 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 blockinc agcent in a radiation
emergency under certain so secified conditions (see Znclosure 2).
Therefore, the legal problem of availability envisioned in the
article is moot.
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*The Commissicners

The Staff's plan and conclusions with respect to the use of
K] are contained in the memorandum on the use of thyroid
blocking agents to Commissioner Ahearne from Harold Denton,

August 15, 1979 (Enclosure 3).

Robert B. Minogue, Director
Office of Standaras Development

Enclosures:
1. "Medical and Legal Implications of a
Large Release of Radioiodine" 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

Secretariat
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The ronorable Patricia Harris
Secretary of Health, Education and Welfare
kashingten, 0.C. 20201

Jear “adam Secretary:

in the last two years, tne Nuclear Regulatory Commission has had many requests
from State and local governments asking when the Federal goverrnment would
vublish poiicy and guidance on the use of tnyroid blocking agents to prevent
the uptake of radfoactive iodire by the thyroid. Although the Nationa)
Council on Radiation Protection and Measurements (NCRP) Report Number 55 on
"Protection of the Thyroid Gland in the Event of Release of Radioiodine”

was publisned 1n late 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 i< currently developing recommendations on the extent to which
thyroid blocking agents should be stockpiled for use around nuclear power
plants. T 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 appraciate any efforts your Department can make
to accelerate development of the Bureau of Drugs policy and guidance on this
matter,

ha

Sincerely,

,/ \M%‘ 2 \f: P
.. Joseph M. Héndrie
Chairman

1661 254
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The Monoratle Tom Corcoran
Unitea States House of Representatives
wWashington, D. C. 20515

Dear Congressman Corcoran:

mr. Willfam Wilcox at the Federal Emergency Management Agency has asked
the NRC to reply to your letter of October 23, 1979 concerning the use of
porassium icdice or similar compounds in 1imiting radiclogical exposures
from innalation of radiofiodine. The NRC has an effort underway to
determine the extent to which radiofodine should be stockpiled for use

in emergencies resulting from accidents at nuclear power plants. This
effort {s being coordinated with the Bureau of Radiological Health in

the Food and Drug Administration, HHS. FDA has recently approved
applications fur manufacture of potassium fodine in tablet fors andg

fs continuing studies on the health effects of this compound.

| expect that further guidance on stockpiling the drug for emergency use

by the public will be available early next year. When the KRC has cevelopea
recommendations on the quantities which should be stockpiled and the distance
arcunc nuclear power facilities where plans should be made for administering
tne orug, the NRC will 1ikely 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,

Original signed by R. G. s““.‘/l 3

Lee V. Gossick
Executive Director for Operations

Mr, William H, Wilcox

Azting Director

Disaster Response and Recovery
Federal Emergency Management Agency
Wasni. ;*on, D, C. 20472

// Y




Decerber 14, 1979

Professor Frank von Hippel

Princeton University

Center for Environmental Studies

The Engineering Quadrangle '
Princeton, New Jersey 08540 - L i =

Dear Dr. von Hippel: e | Fin T

Thank you for your letter of June 11, 1979 with a copy of your recent letter
to Science, regarding the distribution of potassium fodide (KI) to the .-
public in a radiological emergency. Because there have been almost weekly
changes in the information I could give you, I have delayed our reply until
nW-

The KRC Staff has been aware for some time that potassium iodide can be an
effective defense against excessive thyroid dose due to radiociodine intake.
The FDA fssued a Federal Register notice (43 FR 58730) 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
energency. In the Federal Recister notice, FDA also invited new drug appli-
cations for the mass production of KI tablets for over-the-counter distributio
in an emergency. Recently, the FDA approved an application for the manufactur
of potassium fodide for use during emergencies. These actions by the FDA
remove the legal impedimen*s to the provisions for mess 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 fodide is only effec-
tive if taken shertly before or after readioiodine 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
consummated before, and possi“ly more easily than, the broadcast distribution
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 emargency.
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Or. Frank von Hippel -2~

However, you will note in paragraph 2 of the enclosed August 15, 1979 memorandum
for Camissioner Ahearne from Harold Denton that the majority of the KRC

staff believe that the use of KI as a thyroid blocking agent is an appropriate
part of a2 complete emergency preparedness program. As part of our program °

for {mproving umergency planning activities, we will determine how KI can

best be integrated into a total protective action preparedness program.

Such a2 determination 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 Emergency Protective Measures For Nuclear -
Reactor Accidents Involving Core-Melt, which addresses the relative efficacies
of evacuation, sheltering ana 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 prompted the staff to bring these insights
to my attention, and I am glad to share them with you.

Sincerely,

/S/
John F. Ahearne
Enclosures:

1. Internal Staff Memos
2. Sandia Study

C/R NOTE: This letter has been cleared with all Commissioners: offices.
It was retyped in C/R to incorporate al) Cmrs. comments and
this final version has been approved for signature.
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“EHORANDUM FOR: Commissioner Richard T. Kennedy . -
Commissioner John Ahearne - gLt
THERU: ~Executive Director for Operations™ ™ = ;
; i .
FROM: \ Harold R. Denton, Director
X Office of Huclear Reectior Reguletion
SUBJECT: USE CF THYROID BLOCKING AGENTS IN AN EMERGENCY *
RESFOHNSE PROGRAM
In your memorenda (dated June 22, 1579 and June 4, 1979) you 2
reguesiaC & review of & Dr. Von Hipzel letter to Scieace as ve2ll -
&s ensi-ers to specific questions regerding the use o7 thyroid e
blecking egents. e heve reviewsd the various meterial enclosed T
ir your menorenda and are herein providing a few cenere)l comments —
es w21l as mere detaiied responses to the specific guestions.
Thyroic blocking 2gents are one possible means for reducing thyroid 5]

exposure curing @ nuclear accident. Other means for reducing
exoosure include shelier, respirétory protection, and evacuzticn.

Fcr the censral public, we believe tha+ thyroid blocking egents

vieuld gznerelly be less effective in an energency thin the other
Frotective ections mentionad ebove. This statement is besed on

the felicewing censideretions: (1) thyroic blecking agents protect
orly the thyroid; and (2) potassium jodide, the drug rost

irequantly proposed as 2 blocking acent, must be taken shortly

beiore or within two hours Tollowing iuteke (e.g., viz respiretion

cr ingesticn). Under many eccident scenarios, shelter, respira-

tery protection, or evacuztion would éppear to be ezsier to inplenent
end potentially more effective than the use of potessium jodide, i
Contact:

F. Congel, KRR ~

27855
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fenar Tickerd T. Konnody 2
cusr oChn Ateerne ¢

Witere instituticral conirels could be continusly mainteined for

long periods of tire, previsions for immedicte distribution of rotossiwm
icdide could be desirzble. Hpspitals, jeils, control rocms, fire
stetions end police deparirants ere exerples of such places. The staff
is preseatly loching into the possibi]ity of requiring that recctor '
licensees stochpile quentities of potessium fodide for situzticns in
vivich poople would be unevoidebly exposed to deses to the thyroid in
cxcess of 10 re=, end instituticnal control could be maintz’ned for

long pericds of tire.

Le .
rege 1.101-2 of /Znnex A to Feguletory Cuide 1.101 - Frercency Plenning
for Muclear Peier Plents, & copy of which is attached, you will 7ind
the stetcmenis: “reasures that sheuld be considered for nerscns
within the exciusion orea include:...3. Use of rediopretective Crucs, °
e.0. individue) thyroid prétection”. The footnote states: "The U.S.
Feod ond Trug Zaministretion is presently develeping cuicdance for the

vie of redioiroiactive Srugs”. Mow that!FDA hes spoken, the !RC staff

The KRC steif hes been predisposed to require stockpiling of KI. On

will Beiceting with FDA in the roar future to expadite consideration
of the ratter. ]
Cetailed rasponses o tie specific gquestions are contained in the
encicoure,
7§ it By
': .‘\ -, r:.

Harold P. Denton, Director
(ffice of Huclear Feactor Pesulsticn

gnclesure:
= -~ . a -~ s - e b o ” ol -3 ' in
Fespo.s2 te Cormissioner Mhearne's Nuésticns
Contoirning THyroid Slecking Agents
cc: hairpen b fie
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RESPONSE 710 CCMISSICNER AMESRNE'S QUISTICHS
COLCERRNING THYROID BLCCKING AGENTS

Question ) Te s gt

Is there other informztion on the side effects of thyroid
blecking with potassium fodide?

Resgonse

The ilational Council on Radiation Pirotection and Meesurement's
(HCRP) Report lo. 55, "Protection of the Thyroid Gland in

the Event of Releases of Rediciodine”, is the most authorita-
tive report on this subject. Ve are not aware of &ny mcre
recent publications that would change the major recom-endations
in LCRP llo. 5S5.

Sene sice effects have boen obsarved in the ¢linical vse of
potzssivm iedicde (K1). These side effects have ranged frem

plozd zbnormalities to severe reections, including death, MNCRP
hes‘cstinate; thet the risk of an adverse effect would be betizen
10°% énd 1077 par clinical dose (300 mg). Risks for individuals
tehing other drugs et the seme time would be higher. The cose
required to block the thyroid (130 mg for &n &dult) is the szoe
orézr of magnitude 2s the clinical Hose.*

Une of the linitations of KI is that it is only effective if
acninistered within auv .t two hours after intezke (see Enclosure 1).
Conszguently, it would be necessary to either distribute the

crug very cuickly or to edminister the drug prior to the relezse
of rzcioactivity. Since the effectivenzss of X1 cecrszeses with
tire, it would e necessary to edminister cdeily doses throughout
the counse of tie ‘accident. Although the fir:zuency of adverse
eivects per unit dose is not very large, sci2 effects would be
precicled in 2 lerge population cver the cocurse of ». sccicdent.

~ssuning the midpoint of the risk estimite ¢iven by !CRP lo, 55
(i.e., 5 X 1077 effects/administercd dose), i7 ths drug were
ecninistered to one million persons over a ien 2y peiriod, then
Tive edverse cflects would be expocted. BReszd on very

“ine cne repcrted deeth wes associzted with 2 dose of 15 mg of KI.




limited data ;cne death out of 168 reecticns), the Fisk of one
deeth frem 107 doses would be ebout 1 cut of 30.

Risks frem the drug should be balznced by a reduction in radie-
tion dose to the thyroid. The HCR? hes given scme guidance in.
this area:

“If the estimate of thyroid total zbsorbed dose is less

then 10 rad, it may be preferedble lo consider instructing

pecnle to remzin indeors and to await further instructions,
before deciding to administer blocking egen*s. If the esti-
m2tes of the total thyroid ebsorbed dese exceed 10 red, .
blecking zgents should be considered.” .

The "Final Ceneric Environmental Stetement on the Use of Recycle
Plutoniuvm in Mixed Oxide Fuel in Light Water Cooled Reactors"
(IHURES-0002) centains estimetes of mortality end cencer induction
frem thyroid drrzdiation. The risk of prematurg deeth dus to
thyroid cancer is estimzted to be ebout 1.3 presature deeths per
million thyroid-rea frem internally caposited redioective jodine.
The risk of thyroid cancer and benign nodules formetion is about
25 tines greater than the risk of deeth. For 2 cose of 10 rem

te the thyroid (NCRP's guideline dose), the risk cf adverse
reecticns rem the Crug (5 X 106 for 10 duses) would de adout iwo
crders of magnitude belcw the risk of thyroid cencers and benign
noduies fermaticn froa irrzdiation of the thyroid (3.3 X 10-9).
For a ¢ose of 10 ram to the thyroid, the risk of death frem the
druo (3 % 10-8 for 10 coses) would e &bout three orders of
mecnitude gs1cw the risk of ceath frem the thyroid cencers

(1.3 % 10°7). Besed on these considerations 2lone, the drug couid
be given &t &n even lcwer dose then reccemmended in NCRP Ne. 55.

In e22ition to the side effects fron the drug, there is 21so the
pessidility of injuries resulting from a mass panic to get tihe drug.
Tre LCAP ceutions thet: '

“The .nort- znd long-term conscguences of inhalaticn of radicaciive
jcdir: are Tar less than ithe possible injury thet might result

frea individual or mess panic erising frcm efforts to cbtain the
blocking écent, znd this nodicun of commsn sense should be
remcnbered by e2ch parson.”

sears that the NCRAP guideline of 10 ren to the thyrcid has

built in coaservatism to fzle into account the possidility of

s panic.
r



Cuestion 2

should such blocking be edvised es 2 part of ‘emergency response?

|/" S Y
Response

Thyroid blocking agents, such as potassium fodide (K1), are of scrme
use in an emergancy response program. Howzver, other elements of

zn emergency response progrem would probebly be more effective

in protecting th2 gencral pudblic in most eccicderts. These elements
include shelter, vespiratory protection and evecuation. .

For Ycw doses of rediation (less than 1 rem to the thyroid), the
preferred response would be shelter and respiratory protection.
Imereas KI would pretect only the thyroid, shelter znd respiratory .
nrotection would protect the total body es well as the thyroid.
shelter would reduce ihe whole body gamma cloud dose by a factor
renging frem 10% to 80%, depanding on the building (see Enclosure 2).
Fer puff releases (less th>n two hours of exposure), shelter would
recuce the inhalatien cose by a factor rarging frem 152 to 65%,
cepanding on the buildi.g ventilation rate (seez Enclosure 3).
Respiratory protection can be provided by ccsron household items

(see Enclesure 4). Several of these items could reduce the

inhzlation dos2 by ebout 20%. In most cases, a ccnbination of shelter
énd respiretory protecticn would offer more prrotection than KI, without
ary of the potantia) side effects of KI.

For higher ceoses of rediation (greater then 1 rem to the thyroid),
it mzy be better to evacuarte the population than to distribute the
KI. There ii2s been much experience with mass evecvations. The
Environmenta) Protection Agency (EPA) has surmarizad evecuztion
exjerience cver the time pericd 1959 to 1973.* This study has showw
thet masses of up to 150,000 persons have been evesuvated safely in.
dicasters. Distribution of KI during an evecuaticn could hampar the

evecLEtioi.

Tigroid blockirg acents vould be useful for e-;leoy2es and support
personnel working rear the facility. Thyroid blotling agents
nioght be given to persons who could not bz evazuaiad easily (e.g.,
hospital mztiants or coavicts).

Fstimates have been made of the thyroid deose to the iaximum off-site
individual essucizted with the Three Mile Island (1iii) accident.**
The thyroid ccses from the I accicent (less then 12 mren) were cver
thrae orders ¢f isgnitude belcw the MNCRP guidelinzs of 10 rem.

-
.

iisus - An Evaluation, EPA-520/6-74-022.
T332 énd licalih Jmpact of th2 Accident et the Three lile
Island Muzlezr Stetion", NUREIG-CSS58, Miy 1879,




Question 3

chould stockpiles of KI be maintzined?

Resgonse

ks stated in our response to questions one and two, potassium jodide

(%1) mey heve 2 limited applicetion in a protective ection progrem.

Smal1 quezntities of tie drug could be stockpiled for use by employees

end support peirsennel near the eccident, es well as institutionalized ,
parsons vwho could not be eesily evacuated. Hovever, there would be little
use of this drug by the general public. Other protective actions rmay

of fer grezler recuctions in risk from redietion without the side effects
of KI. Wnile the cost for preducing the KI would not ba cxcessive

(Ur. von Hippel quetes a figure of one million dollars), the cost for
meinteining @ lerge scale disiribution system over & ten or tuently

year period would be greater. Duz to its shelf life, it would be
necessary to check the potency of the KI pericdically. There is

Jittle incentive to preduce, on 2 lerge scale, a drug that may not

ba vsed by the cenecrel pudbl’c in &n erergency.

.



vestion 4 oy

‘Any ccaments on Professor von Hippel's material?

Pespornse

Dr. von Hippel's paper, "Thyroid Protection for Feople Deounwing™,
overemphasizes, in our opinion the effectiveness of thyroid b} ocLing
ag nts. As steted in our response to questions cne éno two, it is

important to recognize some of the limitations of thyroid blo:king
acents. First, thyroid blocking agents protect only the thyroid.
Other protective ections such as shelter end evacuaticn protect many
organs in eddition to the thyroid. ‘“econdly, there are logistic
predlems with storing end cdistributing potassium fodide. Potessium
icdicz has a Tinite shelf-life. Consequently, it would te nccessary
1o chack the potency of the tablets pericdicelly. There are mzny
prodlcis with distridbuting anything during an emergency. Distributin
potassium jodide Curing an emzrgency might interfer with scue of the
more offective protective ections such as shelter or evecuetion.
Although NCRP discusses the limitations of thyroid blecking agents,
Or. ven iiippel's articie does not discuss these limiteticons.
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TAILE VI 11-7. FEDFESENTATIVE SHIZLDING FACTORS FROM G/ol4A CLOUD SOURCE *

Shieléing .4 -, =

S=resture or lLocetien Facter(a *1e ..‘!.».;::-cu.-.‘.ative Prrze
Outsicde ) v Rl ' ‘ —_ .
vehicles ' : 1.0 ' -
« :

rooo-{rame rm-sc(b’ 0.9 —

(=0 Lasement) - »
Zaseront of vood house 0.6 0.1 to D.'l‘c)
Magsnry Yiouse (no hassment) 0.6 0.4 o 0.7‘“
Zazczent of rasoncy house 0.4 _ 0.1 to O.S(c)
Large vifice oz industrial - 0.2 0.1 to 3(€;Q )

burilding .
{2) The ratio of the interior éose to the exterior dose
{3) A wsod frare house with brick cr stone-veneer is a;;xoxi-.xte Yy egquivelent

to & rasonry house for shieldingy purposes.

(¢) This range is rmainly due to éifferent wall raterials an2 different geocretrics

{€) The rcfuctizn factor Cepends on whese the personnel afe located within the
Suilding (e.g., the be2scrent or an inside roon).

AS=-1400

n vt



e st

FIGLEE VI 114 Ratio of the inhaled cose tssicde a shelterx
o that outside the eheltzr 28 a function
of ventilation rate N (air turncvers per hour).*
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7IP: Ascrdcan Industrfal ilygisae fssn-1953
ACSPINATORY PROTECTIVE DEVICES MANUAL \
aLe1ls

ROTECTION PAOV!D"D 8Y COMMON hwa HOLD AND PERSONAL ITEMS
AGA!\ST AEROSOLS OF 1 TO Sp PARTICLE SIZE =

Number Numbder Cecometrie 85% Coalidence
of Resist- ol Mean Linvits for
Thick-" ance, . Ctser- Efficiency, Mean, %

nesses . mmof H,0 vaticas % Lower Ugper

Tlem

Handxerchie!l, :
man's coilea 16 36 32 4.2 -02.6 _95.8
32 - 914 £9.8 92.8

Toilet paper - 3 13

Bandierchie!,
man's cctlon 8 13 . 32 . €e.9 85.5 c1.8

Kanduerchie!, ' : a
inan's collon Crumpled 32 8a.1 85.1 $0.5

Sath towel, ’
lurkish . : 85.1 §3.3 £8.8

Dalh lowel, !
lurkish y . . . 72.8 ; 70.7 "g.8
72.0 65.8 74.8

Bed shept, musiin

Dath tewal, | ' ~
wel 5 70.2 65.0 72.3

turkish
65.9 57.9 12.3

65.5 £0.8

Shirt, collen

Shirt, cciton

Fancier Cu'e' . 5 i n .
L il & 63.0 57.3

weman's cction |

Eandierchie!, 5
man’'s cclien W 62.6 . 57.0

$6.3

dsarchief, ‘
winan's ecilen $5.5
Silp, rayon $0.0

Lross material,
: . 47.8

346 20.0

¢oiien
Shirt, ¢olion

tasZlorchie! )
=aa’s ccilon . 27.5 22.0
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Rt In response to your July 30, 1972 merorandum on the above subjact, a raetin
e wes heid on Aucust 3, 1979 in which members of the KRC staii. who hzve bean
.0 : javolved with this subject further discussed issues thet bear o it. An.

“d
> ttendance 145 is enclosed.. .. * . . 0 ¥ L RTENSTT T 5 <
Y| - L Iy ! Sl i W - ¥
’l;;} In answer to your further conments and question, and in surmery of the meet
RS viz provide the following information: w CHow R GE sl :
T o . _ » " > AL -
By 1. Our July 13, 1579 memorandum comnent regarding a meeting with FOA “tc
T : eynedite consiceration of the matter” can be furlher explained as Toll
o : The GS;. Fedaral Register Hotice of December 24, 1875 (49 F2 52:28) on
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"t Transportetion, states the responsibilities s agreed botizan certain
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- applicaticns for potessium-fodide in oral doszoe forms for use as 2
thyroid blocking a2gent. This latter request concluded that potassiva’
joZide is safe and effective for use as a thyroid-blecking agent in2a

__—radiation emergency. FDA approval of cne company's drug application
- is within a couple of weeks of being jssued. As mentioned in our ezrlie

" response, HRC R.G. 1.101 21ready mentions that use of radioprotective

drugs should be considered for persons within the exclusion area. =i~

- .

2. The rajority of the staff present at the July 30 rmoeting agree that the

2 use of potassium fodide as 2 thyroid blocking 2gent in the event of . .

: - L possible inhalation or ingestion of radiciodine is an appropriete part

. - of a complete emergency preparedness progrem. A complete program wsuld
o include countermeasures such as source interdiction, sheltering, evacua-
- tion, respiratory protection, protective clothing, irporting of foolstuf

and vater, decontamination, chemical treatmant ané others. The major

- reazson “hat some steff members disagrec On us2 of KI-is th2t they bsliev
thz+ gthar measures in tha above 1ist are more jmporiant for most radio-

e~ o

logical incidents and that 2 widespread stockpiling requireiant for Kl

- . would not b2 cost effective. It is our intention, howaver, to press for

on in their role as the agency to supply madical cuidance. as
2 abore. This will be 2 subiect for the August 2] meating.

v
FDA acti
discusse
jan for premptly improving (1icensce) cmergency prepz
warded as SECY 79-450 of July 23, 197¢, 2n intormatio

net specifically address the use of KI, uz¢r
set the guidance of R.6. 1.701 will incluce th
o use radioprotective drugs. .- oo
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LT ‘ July 30, 1579
OFFICE OF THE . =
CCunS8ISNER e
MEND2ANDUM FOR:  Harold Denton, Director, NRR .
. / '
N, / -
FROi: - John Ahearne f}" A
SUBJECT: USE OF THYROID BLO»kIhG AGEhTS

Thank you for your memorandum of July 13 on this subject. As you
pocinted out "The NRC staff has been predisposed to reguire stockpiling
of KI." Yeou also ratcd that the Reg Guide 1.101 recommnencation was
quelifisd beczuse the Focd 2nd Drug héninistration had not developed
guicance for the use of racdicprotective drugs.

I understand t
use of KI indicetin
preblen with its us

s published a Federa) Register lotice on the
is effective and the FDA does not have any

Your July 13 memcrendum indicates that "The NRC staff will be
mezting with FDA in the near future to expedite consicerztion of ths .

er." 1 would grpreciete knowing what it is that must be expalited
erd when the meeting with FDA will be held. Also, I conclude frou. your
memorancun that it had only been FDA in_action *h-* had prevanted ths
nol from rezuiring stockoiline of Ki how thet the FOA hés acted, do we
; - g sutn & raquirement? '

ce Chzirman Handrie : e
Ccm~issione. Ci]ins7y -
Commissioner Kennedy ] : o
Cormissioner Brediord
Secy 3
E0Y
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August 28, 1979 . :
JEFICE OF THE ' \‘~
SRINMESITNER ’

1ZMORANDUM FOR: Chzirman Hendrie
Commissioner Gilinsky . '
Lomnissioner Kennedy
Commnissioner Bradford

FROM: John Ahearne‘gg ,4/ !

— . -

SUEJECT: ACZIDENT CONSEQUENCE MITIGATION STRATEGIES

S e——— -

The Staff recently supplied me with answers to some questions

raised by Frank von Hippel concerning the use of KI. 1In his comments on
their ansvers, Frenk points out: .

The [NRC] steff memo suggests that, "for doses &
grezter thzn 1 rem to the thyroid it mey be better

to evacuzte the population than to distribute KI."

It then gozs on to discuss an EPA study which "has

shown thet mzsses of up to 150,000 persons have

been evecuztec safely in disasters" (p. 3)

To illustrete the scale of distances involved, I

do & simplified celculation in the Appendix [zttached]
which shows thet, for 1131 relezses of the order of
ten percert irom 2 1000Mw(e) reactor, thyroid doses
could be zbove’ 1 rem for hundreds of miles downwind.
Except for cczste) sites where the plume is blown

out to sez, the population which would have to be
evacuzted eccording 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 towzrds zn urban

erez (e.g., towards New York City from Three Mile

Island), the population which the staff would propose

L0 evacuzte would be on the order of 10 million. The

logistics of this effort with shifting winds, un-

trzined perscnnel, and limited transportation capa-

bilities boogie my mind. I would suogest thezt the .

ste?f be 2asked to work out 2 plan which would mzke .
their streztecy credible assuming a 10% release to

the atmosprere of the radioiodine in the TMI 1 core.

YV oer in




‘il’o'

They should include 2 discussion of the number
of pecple and areas which would have to be
evacuated for various wind speeds and directions
and the amount of time which would be aveilable
to accorplish these evacuations.

He then propased the KRC TR

1 believe this is a sound proposal and request your support.

*develop accident conseguence mitigation strategies
beyond the evacuation of populations 10-25 miles
downwind. . . . 1 would urge the NRC to give high
priority to the initiation of a policy study on
consequence mitigation strategies including people
from the NRC, FDA, states, (California has already
had 2 task force study the subject), and outside
technical critics of the status guo.”

ttachment

EDC "”
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Princeton U mversity SCHOOL OF ENGINEERING / APPLIED SCIENCE
CENTER FOR ENVIRONMENTAL STUDIES
THE ENCINEERING QUADRANCLE

PEINCETON, NEW JERSEY 08540

June 11, 1979

Mr. Joseph Hendrie, Chairman :
Huclear Regulatory Commission

1717 B Street, NW

Washington, DC 20555

Dear Joe:

Because of your involvement in policy-making relating to blocking
the uptzke of radioiodines by thyroids downwind from nuclear accidents,
I though that you might be interested in the enclosed letter to Science
vhich summarizes in a convenient form some of ‘the relevant background
inforzation.

Sincerely yours,
P

Frank von Hippel

FvH/jip
Enclosure

® i)




Available Thyroid Protection

Public atiention has focused on the im-
mediate risks 10 the people nearby from
a major release of radioactive gases in a
nuclear . reactor accident. Many more
people up to hundreds of miles down-
wind could, however, be affiicted by
thyroid wumors over the fcllowing dec-
ades as a result of the inhalauon of radio-
active iodine.

Fortunately, this threat to the thyroid is
the radiation risk most easily defended
against. The number of thyroid tumors
caused by a reactor accident could be re-
duced 10- 10 100-fold—but only if pub-
lic health authorities take the trouble 10
make the necessary preparations. These
preparations had not been made at
the time of the Three Mile Island ac-
cident, and it is still not clear whether
they will be made 10 protect against po-
tential accidents in the future.

The nisk to the thyroid is especially
great in case of a reactor accident for
three reasons:

e Radioactive iodine is produced co-
piously by the fission process:

e Radioiodines are among the first ele-
ments to boil off from damaged nuclear
fuel; and

e A large fraction of the iodine which

iz zheorhed by the human body concen-
trates in the thyroid.
As a result the thyroid radiauon dose
downwind from an accident could be
tens to hundreds of times higher than the
dose received by the rest of the body.

That the thyroid is sensitive 10 radia-
ton—especially dunng childhood—has
been well established 2s a result of the
overenthusiastic use of x-ravs for the
treatment of various real and imagined
illnesses during the first half of this cen-
tury. Many thousands of children re-
ceived very large doses of x-rays to their
thyroids dunng this peniod and have as a
result eapenenced a much higner than
normal nisk of developing thyroid tu-
mors. Fortunately, it appears that thus far
very few of these tumors have bsen fa-
wl (/)

The arca downwind from a nuclear ac-
cident in which there would be a high

1032

Letters

risk of developing thyroid tumors could
extend 10 great distances. Ten to 60 per-
cent of exposed children 200 miles down-
wind could eventually develop thyrowd
wmors afier a large re'tase of radio-
jodine, according 10 an estimate made in
1975 by the American Physical Society’s
reactor safety study group (2). Baltimore
is ahout 60 miles from Three Mile Island:
Wilmington, 70 miles; Washingion and
Philadelphia. 90 miles; and New York,
160 miles.

The evacuation of such large cities
would be impractical in the time avail-
able once it was known that a cloud of
radioiodine was being blown toward
them. The absorption of radicactive io-
dide by the thyroid can be blocked. how-
ever. by taking a large dose of non-
radioaciive potassium iodide. the form of
iodine present in iodized salt. This strat-
egy is well known among health phys-
icists and, according 10 a study done for
the Defense Civil Preparedness Agency
in 1972. it would cost only about $1 mil-
lion 10 stockpile enough potassium io-
dide pills for the entire United States Q).

To be most effective. potassium iocide
would have 10 be taken before the cloud
of radioiodine arnved—and the waming
time could be very short. Stockpiling
would therefore have 10 be accompanied
by a public information program and the
organization of a rapid distnbuuion sys-
tem. Ne=ither the electric utilites nor
their regulators have been eager 10 make
these arrangemernts.

Nevertheless. the National Council on
Radiation Protection and Measurement
endorsed the thyvroid-biocking strategy
in 1977 ¢) and the Food and Drug Ad-
ministrat.on (FDA) approved the use of
potassium iodide for this purpose in De-
cember 1978 (5).

At the time of ithe Three Mile Jsland
accident poiassium iodide was not vel
available for mass distibution in the
proper dosages. The FDA therefore or-
dered large-scale produciion on an emer-
gency basis 2nd within a few days had
fiown enough into Hamsburg for more
than 2 half a milhon people (6).

But this would have been 100 late if the
containment building at Three Mile Is-

ST e SRETR T SNy T RS ShYwea v
accident, and, in any case. thy 1¢
tection was not provided for peop

" than a few tens of miles from

dent.

The contzinment building 6id
during the accicent at Three Mile
It would be 1empting fate, how
delay much longer in having thyr
tection available nationwide.

FrANK vON
Center for Energy and, Environ
Studies, Princeton University,
Princeton, New Jersey 08540

Kefervoces
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R. A. Cooper, W. R. Ames, J. M
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o COMMISSIONER ACTION -

Fp_r: issioners

Thruy: Acting Executive Director for Operations

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

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 ' e costs associated with its public use. This
paper summar, ‘es the results of a study (Enclosure 4) performed
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 performed using a modified version

of the Reacter 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 meit-through release
and core melt with an atmospheric release, Thyroid dose cal-
culations show that gap release to the containment dces 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 ")T‘r'rdrpdness ) V
TS: Brian Grimes, NRR o G ) 2 i
Ext 274]5 ! od"‘f' f’,,‘ S O‘—-;"*' J 4 | [
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A cost-benefit anal{sis for the use of KI was performed

by Sandia, the results of which are summarized 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 radioiodine, and then only if ingested within
about 2 hours after radioiodine 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, 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,

Firally, 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 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 extensive
stockpiling of the drug for general public use would be
premature. A conference on Nuclear Reactor Accidents and
Iodine Propnylaxis 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. 0Offsite emergency response personnel; and

3. Offsite institutions within about 10 miles (e.q.,
hospitals, prisons) where immediate evacuation
may be infeasible or very difficult.




TABL'. 1

SUMMARY OF KI COST-BENEFIT ANALYSIS2

KI Purchase Cost ($/year) b
Distance Interval Cost Benefit Ratio
(Miles) 100 people/sq mile 1000 people/sq mile ($/thyroid nodule prevented)
0-5 790 7,800 320,000
5-10 2,400 24,000 420,000
10-25 16,000 160,000 730,000
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

aKey Assumptions

99% effective KI (i.e., all persons take drug before cloud passes).
No other protective measures are taken.
WASH-1400 accident probabilities.

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.

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

WASH-1400 dose-effects coefficients (assumption of a 0.1 effectiveness factor
for 1-131 dose would increase the costs per benefit received by about a factor
of three).

bUncertainties are large and scale approximately proportional with assumed K]l effectiveness,

accident probabilities, cost, multiple reactors, and dose-effects coefficients.



Recommendation:

Since the use of KI may have possible harmful 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 comments they
may wish to make.

The Commission 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 comments on the Sandia study, the staff
will bring the matter again to the Commission 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 rot 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.)



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,

s £ LA

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) SAND80-0981;
NUREG/CR-1433

Commissioners' comments should be provided directly to the Office of the Secretary
by c.0.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 Nffice of the Secretary. If the paper

is of such a nature that it reauires additional time for analytical review and comment,
the Commissioners and the Secretariat should be aonrised of when comments may be
expected.
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Commission Staff Offices
Exec Dir for Operations
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Secretariat
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Enclosure

NUCLEAR REGULATORY COMMISSION
Statement of Interim Commission Policy on Stockpiling Potassium lodide

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 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. O0ffsite emergency response personnel; and
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 fodide could significantly reduce tne
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
availability of potassium iodide provides only a supplemental strategy to be

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
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 performed by Sandia Laboratories
and the NRC staff to provide the needed technical basis for establishing a policy ,

concerning the storage and maintenance of Kl 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
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 significani 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 summarized 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
radioiodine, and then only if ingested within about 2 hours after radioiodine
*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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fnhalation, or within about 12-24 hours before radioiodine inhalation.) Other
key assumptions made in performing the analysis are also noted. Uncertainties
due to h=alth 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 distributiun 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 Fcderal
Register Notice (43 F.R. 58798, Deceqper 15, 1978) showed the risk of adverse
reaction posed by KI to be small at the recommerded 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 KI be made aware in advance that KI may have
possible harmful side effects and that those to whor 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 Requlatory Commission will again consider the advisability of stockpiling

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

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
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SUMMARY OF KI COST BENEFIT ANALYSIS?

KI Purchase Cost ($/year) b
Cost Benefit Ratio

(Miles) 100 people/sq mile 1700 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

‘Key Assumptions

1. 99% effective KI (i.e., all persons take drug hefore 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 distarce indicated.

6. WASH-1400 dose-effects coefficients (assumption of a 0.1 effectiveness factor
fgr 1-13; dose would increase the costs per benefi*® received by about a factor
of three).

bUncertainties are large and scale approx‘iately proportional with assumed KI effectiveness,

accident probabilities, cost, multiple reactors, and dose-effects coneffiriante
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Potassium lodide Sensitivity in Four Patients with Hypocomplementemic
Vasculitis

Ouring metabolism studies of radiolabeled proteins in
26 participants four patients were suspected of being
sensilive o potass

I Observed
idies. These
um odide (KI) because they

repeatedly developed urticaria and other symptoms after
Kl admumnistration

jults. The 57

d ENONCS
w0 of the four patients suspected of K|
senwt

vity and 10 control patients were oraily challenged
with Kl to document and characterize Kl sensitivity and ‘o
evaluate the possible associaticn{s) of K| sensitivity with
srticaria, hypocomplementermia, and vasculitis. The Kl
challenges .

the two sensilive patients precip .oted
ticana, angwedema polymyaigias, comunctivitis, and

he
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systemic iliness characterized by fever headache, ) Fonand

pentonitis, episcleritis, and pneumaomitis. The four )

I Jda i @ of the | runk, and
sensilive patients were str mingly samular in that they . 1 -
exhibDited hypocomplementerma and dermal vascuhitis
assoCiated with chronic urticaria or systemic lupus
erythematosus., sug gesting that other patients with simular
Calfeatures may be sensitive to Kl and that K| may

pilale severe sysiemic liness in them

nan patients

ngual ervthe

ferally




Table 1. Laboratory Evaluation of Potassium lodide Sensilive Patients

Laboratory Vaiues®

Hematocrit, %
Leukocyte count. mm’*
Sedimentation rate. mm h
Rhcumatod factor
Antinuclear antibodies

Anti-5m

Ant-RNP

Anti-DNA binding vano, %
Immunoglobubin lovel. my dlL

G

M

A

Ray immune compleves, wg cquivalents of aggregated gamma globuln

CH . unus
C1oactivity!

C2 acuvity

C3 acuviy
C3acuviny g

Cly levell

75 Cly precipin

Patient rormal
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() indicaies range of several determunatiuns .+ indicates deicnminaiion s posstive . [ ] indieates serunm Jiluton ai pusitive Jutcrmination, The platcier count, Cound s
wat, YDRL. hererophil, and hepanin B anugen test were normal or not dete wd in il Tour patems.

? Panenis B and D have iymphopen
2 Compiement cOmponemt . iivities and Clyg levels are capretwd 48 percent of

Case § Panent C was a }4-year-old white woman with a 3.
year history of chrome wdiopathic urticana and hypocomple-
mentemia. In 1972 she developed urticaria that has chromcally
involved the face. extremities, and trunk. Other sympioms oc-
curning intermittently since 1971 included lymphadenopathy.
migran.e headaches. arthralgias of the knees and hands, and
abdominal angwedema. Angioedema of the hip, tongue, and
eyehids has been infrequently observed as has penarticular
swelling of metacarpal phalangeal jonts, elbows and knees.
Treatment has consisted primanly of predmsone in a dosage of
10 1o 20 mg/d. As a child, the patient eaperienced transient
rhimitis. There 1s no famtly history of “topy, asthma, or urtica-
na Physical exammnation revealed featu o of Cushing's syn-
drome with small urticarial lesions (1 10§ cm) near the belt line
and on the extremities. Petechiae and purpura were present on
the thighs in areas of resolving urticana. Low levels of Cly
protein ranging from 0 10 267 of normal and 78 Cly preap-
tins were present (Table 1) Skin mopsies obtaned 1n 1976 and
1978 showed dermal vassulitis with wflammatory celis mclud-
ing polymorphonuciear leukocytes in the dermal tissue and ves-
sels. Complement components Cly, C3, properdin, and Cé and
1gG. 1gM, and I1gA were detouted ai the dermal-eprdermal june
non and i vessel walls by unmunofluorescence

Sensitivity reactions ovcurred dunng two separate metabo-
lism studies of radiokibeled protems and afier challenge with
K1 The climcal record noted marked exacerbations of urticana
on the first, second, third, and scventh days of both studies. The
urticaria typwally began a few hours after the K! ingestion and
was “burming " in character The urticana was substantally im-
proved on Jdays when no K1 was given Notably, exacerbations
followed the first Juse of K1 during both studies This indicates
K1 was responsible for the reaction, because the radiolabeled
proteins are not injecied until the morning of the second day
The exucerbations of urticaria were orginally attnibuted by the
patient and her physiaians 1o emotional factors

Case 4 Patient D was a (¥-vear-old white woman with syse
termic lupus erythematosus and chromc urticana In 1967 aller-
gic rhinitis began and improved with hyposensiization therapy
for molds and weeds. In 1971 diffuse lymphadenopathy devel
oped. and a bupsy of an aullary noce showed folhicular lyme-
phnd  hyperplusia consistent with acute lymphadenius The

B8S4 Orecrmowr 1979 ¢ Annais of internsl Medicine ® Vowume §1 ¢ Nu

wasurennnt i pouled normal wrum

lymphadenopathy resolved without treatment. In 1973 chrome
urticana developed as well as angioedema, Ray naud’s phenom-
ena. photosensiivity, nypers smmaglobulinemia, und hypocom-
plementerma. Polvarthrals s poelyarthats, and antinuclear an-
Lbodies were observed 1 1976, Treatment has consisted of
prednisone, ranging fro.a 10 1o 15 mg/d. nonsterowdal antan-
flammatory agents, and antihisiamine medicanons.

The physical examination revealed wolated urticaral lesions
on the neck, back, and extremities. Alopecia, dry eyes con-
firmed by Schirmer test. lenderness of metacarpophalangeal
joints, petechias on the lower exiremitics, an efMusion of the lett
knee. and a murmer of mitral regurgitation were also present
The laboratory revealed 1 chromcally elevated sedimentation
rate ranging from 44 10 N mm/h. positive rheumatond factor
test, hypergammaglobulinemia, and hypocomplementemia (Ta-
ble 1) Antinuchear antibodies were present. and the DNA-bind-
ing ratio was clevated A skin bropsy 1 1976 revealed an “aller-
gre vasculins” with polymocphonuclear cell mtiltranon of the
dermal tissue and vessels Immunogiobuling and C3 were dJe-
tected at the dermal-eprdermal junciion by immunotluores:
cence Muarked evacerbations of her urticarna curred dunng
radivlabeled protemn studies in 1974 and 197% and atter K1 chul-
lenge Fever, myalgias. and 3 nonproductive cough were dis0
noted durmg one ol the studies

e chimical characteristios of the Kl sensitive patients and
the mamifestations f thear K1 sensitivity s summarized in Ta-
ble 2

Challenge Studies with Potassium Todide Two of the four
suspected tndide sensitive paticats and 10 selected controls were
challenged with K1 The diagnoses 1 the selected controls in-
Jduded chronmwe idiopathic urticarna «in four (all four had normal
serum complement leselsy hered-tary angioedema in four, none
hereditary angrocdema 1 one. aid Siogren s sy ndrone and by
pergammaglobulinemic purpury i one The challenge particr
pants were hospitahized on the dan bhefore K1 challenge. and
therr medications were continued. The following morning the
participants were given 1 g of K1 (Upsher-Smath Lab . Inc
Minneapohis, Minnesota) in orange juice The KI was sy
tered twice datly until sensinivaty reacbions ovcurred or tor 20d
The skin rashes resulume trom Kl challenge were photy
‘uphul. and one lesion near the hip was hropsied

muer 6



Tabie 2

At

Climcal Character stics of Potassium lodide Sensitive Patients and Their React ons
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Patient C
more
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iema impr

wed

ived 1in Pa

characterized at different times by headache. diffuse pen

tomitis and abnormal lhiver function tests. mild proteinu
ria, c':'»??'.'r-}lf_* in the urine, episciceritis, severe ANgi

redema of the lip, and a left upper lobe pneumonitis. The
temporal relation of these features is shown in Figure 2
mycoplasma, adenovirus

rainflue.iza virus

Psittacosis fluenza virus, pa

Cytomegalovirus,

xoplasmosis,
titis B virus, Legionnaires

hepa
agent, and bacteria were ex-
cluded as the cause of the illness in Palient C
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rapid improver .ent

Empincal

with predmisone

I (80 mg/d)

pected psitiacosis) produced

tetracychine
(for sus

The fever resolved after 4 d of treatment
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Figure & Climcal features of systemic iliness observed in Patient C
after potassium wodide challenge ESR - erythrocyte sedimentation
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The pneumonitis and abnormal liver function tests slowly
improved over 2 weeks and resolved by 6 weeks.

During the acute K1 sensitivity reaction, leukocytosis,
thrombocytopema, and eosinophilia were not detected in
either Patient C or D. The skin biopsies of the Kl-in-
duced urticana showed edema and inflammatory cell in-
filtration. The inlammatory cells that were abundant in
the biopsy obtained from Patient C consisted of numer-
ous polymorphonuciear cells, some cosinophils, and a
normal number of mast cells. The skin tissue obtained
from Patient D showed fewer inflammatory cells priman-
ly 10 a perivascular locatnion and a decreased number of
mast cells. Immunofiuorescent studies showed 1gG, 1gA,
IgM, Clq. CJ3. C4. und perhaps properdin at the dermal-
eprdermal junction and in the vessels off Panents € and
N The amounts of immunoreactive material appeared
greater in Patient C than in Pattent D The distnibution
of the immunoreactants suggested widespread immune
complex deposition within the dermal-epidermal junction
and. 10 a lesser extent, theoughout the dermis. The elee-
tron microscopie studies of both bropsies were normal

Complement analyses done on samples obtained belore
K1 administration were compared to samples collected
dunng the K1 sensitivity reactions observed 1n Patients €
and D. The levels of C3, C4, and Fucter B and the activi-
ties of C2, C3, C4, and CS did not significantly change
the <amples In Patent C the Cl1 actuivity and levels of
Clr decreased by approximatcely 307% during the Kl sen-
stivity reaction and returned to the prechallenge level by
48 h. In Panent D no sigmificant decrease in C1 activity
or Clr level occurred

Discussion

Sensitivity 10 K1 was historically recognized in four
patients, and this sensitivity was studied 1in two of the
sensitive patients by oral challenge. The administration of
K1 to the sensitive patients resulted in acute urticana in
one patient and exacerbations of pre-existing chronic ur-
ticana present in the other three sensitive patients. The
pre-existence of chromic urticaria in three of the sensitive
patients clearly delayed recognition of the K1 sensitivity
because the exacerbations observed in Patients A, C, and
D were originally attributed to emotional or physical fac-
tors. The occurrence of urticana i both Panent A and
Patient B during one metabohism study in 1978 prompted
us toanvestigate the relation between K