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PREFACE I

}
.

I

Commercial nuclear power is a relatively new technology that was introduced in the
| 1960's. Today the more than 100 licensed power reactors in the United States provide
| nearly 20 percent of the country's electric power. Most of these facilities are sufficiently
) close to major population centers that in the event of a major accident, human exposure to
4 airborne radiation would be inevitable. Exposure to radioactive isotopes of iodine, in
! particular iodine-131, and the resulting irradiation of the thyroid present possibly the most

serious radiological risk from the accidental release of fission products into the atmosphere.i

In the United States, the early and dominant hazard would arise from population
exposure to a passing plume containing radioiodines and other radioactive Sssion products.
There is ur.animous scientific consensus that the administration ofstable iodine can prevent
thyroidal uptake of radioiodine with a near 100 percent efficiency. In spite of the effective
remedial action of stable iodine, there are, however, some Ihnitations on its use in
protecting the public.

This report provides a comprehensive overview of all topics relevant to arriving at
a national policy regarding potassium iodide for general public use in the event of a nuclear
accident. For a policy decision, relevant topia include not only the scientiSc basis for
iodide prophylaxis, but also an assessment of the economic costs and the economic benefits
to society. Intangible factors such as public perception and potential logistical problems,
which can not be defined in scientific or economic terms, must also be considered.

Content and Ornanintian of the Renort

Because of the complexity of relevant subject topia and the potentially diverse
background of individuals involved in a policy decision, sufficient background information
is provided to assist those who may have expertise in some but not,all pertinent subject
areas.

Chapters are sequenced in a manner which allows for a logical expansion and
transformation of data needed for a final evaluation of the cost-effectiveness of KI !

prophylaxis. I

:

The assignment of monetary values to human health effects in determining a cost-
benefit ratio is far from an established and exact science. In this report, experts in various
disciplines were consulted to provide guidance in assigning monetary equivalent values for
radiation-induced thyroid effects. Because a cost-benefit evaluation of KI prophylaxis is a
central objective of this report and unprecedented methodologies were used to assign
monetary values to thyroid health effects, the reader is encouraged not to skip to the final ;

cost-benefit section of the report. A fair evaluation of KI prophylaxis can not be limited to i

i

kx

1
;

i
_

_j



.
.

,

!

)
:

an assessment of cost-benefit ratio values, but must include a thorough understanding of
: how these ratio values were derived. lastly, the text identifies many important subjective
'

factors that could not be incorporated in the cost-benefit ratio. For these reasons, the
; inclusion of an executive summary containing " bottom-line" cost-benefit values was
; considered inappropriate for this report.
;

| Following an introduction, which defines existing policy and recent recommendations
i by Federal and non governmental agencies, the main body of the report begins with
; background information relating to thyroid function and disease (Chapter 2). This chapter
j provides a basic understanding ofiodide metabolism in health and disease, the mechanism
; of thyroid blockade by stable iodine, our present knowledge about radiation-induced thyroid

effects and their medical treatments, and the potential adverse reactions to iodide when
administered in pharmacological doses equal to those recommended for prophylaxis. i

Chapter 3 derives the lifetime age- and sex-dependent risk coefficient for several population |
subgroups in terms of thyroid nodules, thyroid cancers, and hypothyroidism. Chapter 4
provides an overview of the exposure pathways and the thyroid dose model used in this
report for estimating population thyroid exposure. Potential population thyroid doses are
defined for specific severe accident scenarios using 1990 census data and empirical
population data obtained from existing nuclear facilities. By means of previously derived
risk coefBeients and thyroid doses, population thyroid health effects are defined for the
major reactor accident scenarios with and without KI. The economic cost of providing KI |
and the economic equivalence of each thyroid _ health effect are quantitatively derived in
Chapter 5. In Chapter 6, the programmatic cost of providing KI is weighed against the total
number of expected thyroid health effects multiplied by their respective monetary value for i

a cost-benefit ratio. The significance of the derived cost-benefit ratios to a policy decision
is discussed in Chapter 7. The final chapter summarizes the findings and attempts to define
the limitations of quantitative values assumed and derived in this report.

1

Additional data and information supporting to Chapters I through 8 are provided in |
several appendices. The sequence of appendices follows the order in which they are |
referenced in the text. Principal appendices include (1) a detailed description of the
methodology used for the valuation of thyroid effects (Appendix D), (2) the experience

_

gained from the Three Mile Island accident, the Soviet accident at Chernobyl, and a pilot
'

project at a nuclear facility in Tennessee (Appendix E), and (3) the derivation of an adverse
reaction incidence rate to stable iodide from empirical data obtained from pharmaceutical
firms and an FDA computer data base (Appendix C).

x
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CHAPTER 1

INTRODUCTION

1.1 Past Poliev and Remmmendatiom

The option to use potassium iodide for thyroidal blocking to protect the general )
public resides with State and, in some cases, local health authorities. Guidance in these '

matters, however, is provided by the Federal Emergency Management Agency (FEMA) and !

the U.S. Nuclear Regulatory Commission (NRC). The NRC and FEMA have issued I

guidance to State and local authorities as well as licensees of operating commercial nuclear
power plants in 50 FR 30258, July 24,1985. The guidance suggests that any decision by
State and local authorities to use potassium iodide should be based on the site environment '

and conditions at the time of an emergency for the specific operating commercial nuclear ;

power plant and should include detailed plans for distribution, admimstration, and medical
assistance.

;

The recommendation for stockpiling and distribution of KI during emergencies for
thyroidal block 2ng is currently limited for emergency workers and institutionalized

.

'

individuals. The Federal position with regard to the pre 41stribution or stockpiling of j

potassium iodide for use by the general public is that it should not be required.
'

Thyroid blocking for emergency workers and institutional individuals was
recommended because:

(1) These individuals would be more likely to be exposed to the radioiodine in an
airborne radioactive release in the event of a nuclear emergency.

(2) The number of individuals involved at any site is relatively small and requires a
limited supply of KI that can readily be distributed.

(3) The storage, distribution, and administration of KI can be readily controlled.

(4) The known sensitivity to iodide of this limited number ofindividuals can be reviewed.

(5) These individuals can be readily monitored for adverse side effects by medical
personnel

In the past, the recommendation to exclude the stockpiling and pre-distribution of
KI for the general public was based on the ability to evacuate the general population,
logistical and practical problems, and the low cost-effectiveness of a nationwide
program.(NUREG/CR-1433).

1-1
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i
!

The Food and Drug Administration (FDA) issued its own recommendation on the
use of potassium iodide as a thyroid-blocking agent (47 FR 28158, June 29,1982). The
FDA's recommendations were based on the benefits of using KI and the radiation risks to
the thyroid from I-131. Neither costs nor practical and logistical problems associated with
stockpiling and distribution were considered. Based on the ability of KI under optimal
conditions to ehminate nearly all internal thyroid exposure and the assumed minimal
number of expected adverse reactions to KI, the FDA concluded that the benefit / risk ratio
favors the use of the drug when the projected internal dose to the thyroid is equal to or
greater than 25 rads. The FDA recommends potassium iodide in doses of 130 mg per day
for adults and children over one year of age, and 65 mg per day for infants under one year
of age. The FDA's projected thyroid dose for pharmacologic intervention equals the upper
intervention level of the Environmental Protection Agency (EPA). 1

Protective Action G uides (PAGs) promulgated by the EPA for projected thyroid dose
range from 5 to 25 rem (EPA 1980). Protective action is recommended at the lower level
for sensitive populations (pregnant women and children), or if there are no local constraints
to providing protection at that level Protective actions are recommended regardless oflocal !

constraints if the projected dose exceeds 25 rem. However, the EPA does not identify the
use of KI as a protective measure for r blic use. Only evacuation and controlled area ju
access are cited as protective measures. !

|

In 1977, the National Council of Radiation Protection and Measurements (NCRP)
issued a report (NCRP 1977) which comprehensively reviewed pertinent scientific
information regarding iodine metabolism, physiology, and pathology of the thyroid gland.
The report, however, did not attempt to evaluate the cost-effectiveness of a program of KI
prophylaxis. Practical and logistical problems regarding the distribution of KI to the general
population were identified and discussed along with alternative options for public protection.
In summary, the NCRP recommended daily doses of 130 mg for the duration of potential
exposure for projected inhalation thyroid doses of 10 rads or more, but also issued a stark ;

warning that I

"The short- and long-term consequences of inhalation of radioactive iodine
are far less than the possible injury that might result from individual and mass
panic arising from efforts to obtain the blocking agent . . "

Based on an earlier study conducted by the EPA (EPA 1974), the NCRP concluded
that mass evacuation of urban and rural populations can be achieved promptly and safely i

without loss of life, i

I

l
!
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!

! 1.2 Events Leadina to a Re-evahntion of the Federal Policy and the Writing of This
_

; Report
?

. The American Thyroid Association's Environmental Hazartis Committee issued a
I report in 1984 which assessed the use ofiodine as a thyroidal blocking agent in the event
' of a reactor accident (Becker 1984). This committee of clinical and scientific experts on
; matters relating to the thyroid gland stated that

:

| 'The development of an appropriate strategy for proper protection against
'
i

| radioiodine contamination requires risk-benefit (risk-ratio of radioiodine
| hazards to stable iodine hazards) and cost-benefit evaluations, but adequate

,

j data are not now available for either the numerator or the denominator." i
i |
t 1

1 -

! On the basis of existing but incomplete risk-benefit information, the ATA concluded'

the following-
.

| (1) Potassium iodide in 130 mg scored tablet form should be manufactured in quantities
j sufHeient to fill anticipated needs ifits use is required.
i

) (2) The projected threshold intervention dose of 10 rads recommended by the National
'

Commission on Radiation Protection and Measurement for iodine blockade is overly:

! conservative.
i
4

| (3) It is unlikely that clinically significant thyroid disease would result from individual
,

thyroid exposures of less than 100 rads. Iodide prophylaxis is, therefore,:
'

. recommended for projected doses of 100 rads or greater.

(4) To provide an added measure of protection for sensitive population groups which
include children and pregnant women, a radiation dose of 50 rads to the thyroid is
suggested as a threshold for iodine blockade.

(5) Due to the complexity of the problems, pre-distribution of potassium iodide was not
recommended. The committee recommended the development of emergency plans
for the prompt and efHeient distribution in the event of a nuclear emergency.

The ATA's recommendations urged more vigorous attempts to obtain additional data
through clinical-studies and a central registry. Clinical studies involving the use of
radioiodine as well as potassium iodide would improve our estimates of radiation thyroid
risks and adverse reactions to stable lodide. Additionally, the establishment of a central
registry for iodide side-effects would provide a more credible means for estinating
population risks related to stable iodine.

1-3
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f Following the Chernobyl Accident in 1986 and the release ofinfo~ nation regarding
'

| the use of KI by Soviet and Polish officials, the American Thyroid Associa on in September
! 1989 submitted a letter to the chairman of the Federal Radiological Preparedness

'

i Coordinating Committee (FRPCC). The letter stated ATA's support of KI and requested
! that the mmmittee reconsider its position on stockpiling KI for general public use. On the
j. basis of the ATA's letter, the FRPCC petitioned the Department of Health and Human
'

Services (HHS) threugh the Centers for Disease Control (CDC) to review the medical and

| clinid status of the general use of KI. A workshop chaired by the CDC conymed in July. ,

| 1990 to assess the testimony of various experts. The workshop committee condaded that
,

| although no new scientific data were presented that contradict the scientiSc basis for the '

; 1985 FRPCC guidance, there was sufficient reason to establish an ad hoc Suhmmmittee on - !

j- Potassium Iodide. The Suhmmmittee's principal charter was to monitor the activities of the
following groups: :'

:
I e The Conference of Radiation Control Program Directors (CRCPD)
i

i International Agencies: The World Health Organization (WHO) and thee

! Commission of the European Communities (CEC)
i

Nuclear Regulatory Commission (NRC)
|

e

[ The CRCPD. The Conference of Radiation Control Program Directors study as
| requested by the FRPCC and conducted by the CRCPD's E-6 Committee recently assessed

the emergency programs ofindividual States. By means of a survey, the E-6 Committee has,

] obtained data from States with commercial nuclear power plants. Survey data pertain to
| the distribution of KI within the 10 mile emergency planning zone (EPZ). The information

received from responding States is summarized in Appendix A of this report. )

The WHO and the CEC. Following the Chernobyl Accident, the World Health-

; Organization (WHO) and the Commission of the European Communities (CEC) organized
j a joint workshop in July 1988 to assess current knowledge and to make remmmendations

for national contingency plans involving nuclear emergencies. Eminent experts in public'

! health, endocrinology, and radiation protection attended the~ workshop. The conclusion and |

! recommendations of the workshop provided the basis for guidelines on iodide prophylaxis

| that were subsequently issued by the WHO Regional Office for Europe (WHO 1989).

| The major scientific issues addressed by the workshop committee included the
j efficacy and limitations of stable iodide prophylaxis and all pertinent factors, which modify
; the benefit as well as the potential adverse reactions to KI. The major variables considered

| included dietary intake levels of iodide, age, gender, and underlying thyroid pathologies.

! The WHO/ CEC's formal conclusions regarding the impact of these modifymg factors reflect

j the scientific consensus of the workshop participants, who are referenced throughout this

j report.

!
1
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| The workshop committee submitted recommendations for iodine prophylaxis, which were
;. subsequently adopted as WHO guidelines, in behalf of the following population groups:
L

| e pregnant women
i e lactating mothers

e infants
j e children and adolescents |
| e adults
!

| Appendix B defines the WHO/ CEC recommendations forKI use among the five sub.
j populations identified and provides supportive rationale.
i

| The NRC. Concurrently, but independently of the activities of other agencies, the
j NRC in a recent noti 6 cation (55 FR 39768, September 28,1990) concluded that because
i of new information regarding KI, there is a need to reevaluate the existing Federal policy.

New information relates to (1) revision in estimates of the release fraction in lodine during;

reactor accidents, (2) revision in thyroid risk coefficients which are age and sex ~ specific, (3)
reduction in the effimcy of I-131 to impart thyroid damage, (4) increased shelf-life of KI,
(5) experiences gained from the Chernobyl accident and the pilot projects conducted by the
State of Tennessee, (6) improved understanding of potential adverse reactions to stable
lodide, and (7) a recommendation by the American Thyroid Association to increase the

_

threshold of the projected thyroid dose for pharmacologic intervention (i.e., KI prophylaxis).

As part of the re-evaluation, the Commission contracted this report in order to
update the origmal 1980 analysis (NUREG/CR-1433, " Examination of the Use of Potassium j
Iodide (KI) as an Emergency Protective Measure for Nuclear Reactor Accidents") with the

|
most current technicalinformation and to expand the cost-benefit analysis to include a more |
comprehensive evaluation of the monetary value assigned to thyroid health effects.

A comprehensive evaluation of KI prophylaxis and a defensible cost-benefit analysis
are complicated tasks made dif5 cult by the need to draw upon multiple disciplines for a
complete understanding of the benefits, risks, and economic costs of iodide prophylaxis.
Essential to an objective assessment is a basic understanding of (1) thyroid histology,
physiology, and iodide metabolism, (2) radiation thyroid pathologies and their treatments, ;

(3) internal dosimetry relating to radioiodine, (4) epidemiological risk assessment methods,
and (5) economic methods used to assign monetary value to human illness and associated
health care.

.
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CHAPTER 2
!
! BACKGROUND INFORMATION
1

!
I 2.1 Thyroid Funnian
1
4

{ A basic knowledge of thyroid physiology and metabolism of lodide will help the
; reader to understand the basis for iodide prophylaxis, the potential for adverse reactions to
L stable iodide, and the evaluation of specific modifying factors relating to internal thyroid

i

dose. Also included in this chapter is a brief overview of the major thymid pathologies and |
-

their treatments; the intent is to promote a better understanding of radiation-induced
; thyroid injury and specific cost factors. Principal cost factors are represented by direct i|
j medical costs, indirect costs assodated with loss of economic opportunity, and psychological ;

cost estimates, which reflect a reduction in the quality of life.$

The Thyroid Gland. The normal thyroid gland is butterfly shaped and consists of two i

elongated lobes positioned on either side of the trachea. In the adult, the average weight
of the thyroid is between 15 and 20 grams. The dominant microscopic structural feature of
-the thyroid is its composition of numerous follides. Each spherically shaped follide of
about 200 microns is lined by columnar epithelial cells (15 y high) which surround a colloid-
filled luminar space (Figure 2-1). The colloid is a mixture of proteins of which
thyroglobulins comprise about 80 percent. The flow of blood through the thyroid, per unit
weight of tissue, is high and exceeds that of the kidney. The normal thyroid is able to
remove iodide from the blood at a rate of 512 ml per minute. It is important to note that
iodide is concurrently removed from the plasma and exmted by the lddneys at a rate of
about 20-30 ml per minute. For a given dietary intake of stable iodide, the kinetics of these
two competing removal mechanisms ofiodide from the blood form the basis of the iodide
uptake fraction from the blood by the thyroid. The uptake fraction (Le., $' value)
proportionately determines the dose to the thyroid.

The iodide concentrating mechanism by thyroid cells is frequently referred to as the
iodide pump and involves an active energy-dependent membrane transport mechanism.
Cell-sequestered iodide becomes a critical constituent of thyroid hormones. In its endocrine
role, the thyroid gland exhibits three characteristic functions: (1) trapping of iodide, (2)
synthesis of organically bound iodide, and (3) storage and secretion of iodothyronine
hormones (Figure 2-2). The thyroid cells actively transport iodide across the cell membrane
and maintain a concentration gradient of 25:1 over the level in the blood plasma.
Iodination of the amino add tyrosine is accomplished first at the third position and then at
the fifth position to form monoiodotyrosine -(MIT). The subsequent synthesis of
diiodotyrosine (DIT) and formation of the thyroid hormones trilodothyronine (T ) and3

tetraiodothyronine (T ) occur within the cells of the follide before being secreted into the
follicular lumen to become part of the colloid (Figure 2-2).

j
.
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Each day the thyroid releases approximately 60 to 100 pg of hormonal iodide, of l
which 90% is thyroxine (T,) and 10% is triiodothyronine (T ). Although the usual ratio of j3;

T, to T secreted by the thyroid is 10 to 1, the ratio of T to T in plasma is normally about |; 3 4 3

40 to 1 due to metabolism differences and the enhanced affinity of T, to bind plasma ,

*

proteins. |
! !

| Both the synthesis and release ofiodothyronines into the blood stream is a regulated )
i process which is primarily under the control of the pituitary gland. Pituitary-secreted thyroid i
; stimulating hormone (TSH) is the main regulator of thyroid function. 'I3H increases the j
! rate ofiodide uptake, organification, and release. The TSH homeostatic feedback control
i system is designed to maintain a constant level of serum T, and T . To achieve this, the3

; gland must accunulate a constant amount ofiodide each day. Thus variations in dietary ;

; iodide intake must be countered by reciprocal changes in thyroid uptake and organification |

; of serum iodide. Thus a lowering of dietary intake ofiodide produces corresp=&oly low
| serum levels of free iodide which is " sensed" by the pituitary gland. The increased release ;

! of pituitary TSH stimulates thyroid cell proliferation which is aimed to increase the
! efficiency of the thyroid to capture a limited supply of available serum iodide. A marked |'

and prolonged dietary deficiency of iodide results in thyroid enlargement (simple goiter).
j On the basis of this homeostatic regulatory mechanism, it is obvious that the fraction of

.

'

! ingested iodide which is accumulated by the thyroid is heavily dependent on the dietary
! content of iodide. For normal (euthyroid) individuals in the United States with an average ;

j daily dietary intake of about 225 pg ofiodide, the daily thyroidal uptake of 50 to 60 pg of
i iodide represents a 25% fractional uptake (Le., $' value). For lower dietary intakes of i

! iodide, the fraction of iodide retained by the thyroid can be considerably higher and may 4

| reach levels in excess of 90% (WHO 1989).

i The primary significance of dietary iodide levels is that for a common exposure to
radioiodide (i.e., inhalation or ingestion), individuals with a lower dietary intake of stable,

,

iodide will have a higher thyroid uptake of radioiodide resulting in a pmpunionately higher
: thyroid exposure. Daily intake levels of stable iodide may also influence adverse reactions
i to stable iodide when administered in doses that greatly exceed dietary levels.
|
!
! 2.2 Thyroid Patholorv

i

|

2.2.1 Hormone Imbalance

: The thyroid gland is not indispensable to life, but its presence is necessary for normal
growth and development, heat production, and well-being of the individual. The most

3
prominent effect of the thyroid hormones is their regulatory control of respiratory exchange

; and basal metabolic rate (BMR). . The thyroid gland serves as the body's metabolic
thermostat by controlling the rate of oxidative metabolism of individual cells which,

j collectively provide heat and maintain body temperature.
4

$
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) Under conditions of hvoerthyroidism (i.e., increased production or administration of
! thyroid hormone), there is increased oxygen consumption, heat production, food metabolism,
! cardiac output and plasma volume. This clinical state is also referred to as thyrotoxicosis ;

Hyperthyroidism is most commonly associated with Graves' Disease. Graves' Disease is an
'

.
.

i autoimmune disease in which the body's own immune system is directed against cellular and ;

j secretory products of the thyroid gland. Hyperthyroidism can also be caused by excessive i

j production of hormone by a single " toxic" nodule, by thytold carcinomas, and by medications j
inclusive of potassium iodide. Clinical manifestations of hyperthyroidism range from very ;

3

mild to severe and may include weakness, increased fatigue, weight loss, changes in skin and
,

; hair texture, intolerance to heat, perspiration, blurred vision, heart arrhythmias, and feelings
i

! of emotional anxiety.
*

} Hypothyroidism (thyroiditis) is marked by a depression of thyroid hormone
; production which leads to progressive slowing down of all bodily activities. Three types of
| thyroiditis are rem-abad: chronic, acute, and subacute. Chronic thyroiditis (or Hashimoto's

! Disease) is not an infection or in the usual sense an inflammation, but like Graves Disease

! is thought to involve an autoimmune reaction. Acute and subacute thyroiditis are normally

| associated with bacterial and viral infections of the thyroid and are, therefore, self-limiting.

4
Prominent clinical manifestations of hypothyroidism include cold intolerance, dry skin and ,

j sometimes thickening of the skin, hoarse voice, constipation, slow speech, weight gain, |
fatigue, and emotional changes often confused with depression. In the adult, the thyroid.

i hormones also participate in some manner in the organization of cells. When thyroid
j function is reduced or eliminated, certain cellular functions become disorganized. Two
; typical examples of this role are the epiphyseal dyssenesis and the myxedema. The
: epiphyseal dyssenesis is manifested by the spotty and irregular calcification of skeletal
| tissues. The myxedema of hypothyroidism is characterized by the accumulation of an 4

! abnormal protein in the interstitial spaces. I

i
During childhood and puberty, thyroid hormones have a profound effect on the rate'

! of body growth and development. A reduced hormone level during this time causes marked

|
reduction in skeletal maturation and prevents full-body growth to adult dimensions. Thyroid
deficiency during human fetallife and the post-::atal period produces a profound diminution

! in development and growth, including the central nervous system with a decided loss of
i intellect. Decause radiolodide and stable iodide may uniquely affect fetal thyroid
: development and function, these effects are discussed separately in Section 2.5.

| 2.2.2 Thyroid Nodules.
!

| Single or multiple nodules of sufficient size may cause obvious enlargement of the
; thyroid. Usually a nodular thyroid is asymptomatic, but with progressive growth, there may

be a visible enlargement in the neck, tracheal compression producing a sensation of choking |
or coughing, and hoarseness. A nodule (s) refers to a replacement of the normal

| homogeneous cytostructure of the thyroid with a histologic pattern ranging from colloid-
i
i

24
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filled cysts and colloid adenomas to follicular adenomas. Nodules are frequently associated |
with fibrosis and, in some cases, there is evidence of hemorrhage and lymphocytic filtration. |
In some patients, enlargement and nodularity of the thyroid are found on routine physical
examination. Since the incidence is 10 to 20 times as great in women as in men, and since

- it develops and progressively increases in size during life, it is most frequently found in
females 50 to 70 years of age. It is not uncommon for nodules to remain undetected until
a post mortem examination.

I Small nodules in euthyroid subjects require no therapy. If the gland is smasly
enlarged and causes a cosmetic problem or tracheal compression, resection may be indicated

. along with thyroid hormone replacement therapy. The potential problems of thyrotoxicosis
i

| and malignancy are discussed below.
|

| A small percentage of thyroid nodules tend to produce thyroid hormones
| uncontrollably and in excess (Le., the nodule is not under the regulatory control of the

pituitary gland and is clinically referred to as toxic nodular goiter). The presence of these i: '

autonomously functioning thyroid nodules leads to hyperthyroidism (thyrotoxicosis).
!

Although the pathophysiological problems do not differ from that of other forms of
thyrotoxicosis, congestive heart failure, atrial 6brillation, and muscle weakness tend to be
more prevalent.

IToxic nodular goiter, like Graves Disease, may be treated surgially (thyroidectomy)
'

or by therapeutic dose (s) with radioactive iodine. A frequent side effect of radiolodine
therapy is the induction of hypothyroidism years later. i

Although some patients with thyroid nodules are never refened for evaluation or for !

therapy, the sudden growth of one area of a multinodular gland, the palpation of an unusual
firm area, or the development of boarseness may raise the question of malignancy. Thus ;

|patients for whom surgery (or radiciodine therapy) has been recommended are obviously
highly selected because they have developed symptoms that brought them to a physician and
that were considered significant enough for referral. Among those patients who are
operated upon, the incidena of verified carcinoma (usually papillary adino-carcinoma)
varies from 2 to 20 percent. Because of this frequency, some physicians view the presence
of multinodular goiter as suffident indication for thyroidectomy.

2.2.3 Thyroid Adenomas ;

Adenomas are new growths of thyroid tissue having a homogeneous histologic pattern
sunounded by a capsule of fibrous tissue or compressed normal cells. Pathologically,
adenomas are principally of papillary and follicular forms. They may be present as a single
structure in otherwise normal glands, as two or three discrete adenomas, or they may be a
feature of the multinodular goiter. The most common variety is the follicular adenoma

2-5
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: composed of large colloid-filled follicles. There is uncertainty whether these " colloid"

| nodules are true adenomas.
;

! On clinical and laboratory examination most patients with thyroid adenomas are
I cuthyroid, and radioactive iodine uptake and scanning studies show that the nodule is " cold"
'

with an ability to concentrate iodide that is equal to or less than nonnal thyroid tissue. Less
i frequently, thyroid adenomas produce excessive hormones leading to thyrotoxicosis. Thus

the clinical problem most often presented by the thyroid adenomas is not the management
-

of the thyroid nodule, but the ability to differentiate such lesions from thyroid macer..

j Although the probability of malignancy is reduced for warm or hot (as compared to cold)
nodules, nevertheless, 3 to 10 percent of carcinomas are warm to hot. Thus, clinical:

!. examination and isotope scanning are not mnclusive in establishing whether a nodule is a
j benign adenoma or a malignant carcinoma.

I Treatment Nodules with strong support for a benign diagnosis can be followed with
j thyroid hormone suppressive therapy, and hyperfunctioning nodules can be ablated by
; appropriately large doses of I-131. Nodules with suggestive Aadiar on history (e.g.,
| previous radiation exposure), those with biopsy or cytologic study suggestive of malignancy,
i those that are cosmetically a problem, or nodules causing a real degree of anxiety are best
j surgically resected.
.

! The operative procedure is usually subtotal lobectomy if the lesion appears benign
| and if there are no observable lymph nodes. If the diagnosis of adenoma is confirmed upon ;

histological tissue examination, no further procedure is required. If the lesion is malignant,,

a more extensive procedme is carried out. Patients who have a subtotal resection for a,

j benign adenoma commonly require permanent thyroid hormone replacement therapy.

i
f

j 2.2.4 Thyroid Carcinornas

i Thyroid carcinomas are generally classified on die basis of cell origin and histological
2 profiles and include (1) papillary, (2) follicular, (3) medullary, and (4) anaplastic carcinomas.
2 Radiation is generally considered a causative agent only for the induction of papillary and
: follicular carcinomas.

Panillary carcinamn. Nearly 80 percent of all thyroid carcinomas (and about 90%3^

of radiauon-induced thyroid carcinomas) are papillary tumors. Papillary lesions are
frequently very small and often found as incidentally observed microscopic tumors in glands
removed from some other lesion. Papillary tumors tend to metastasize early to lymph nodes
in the neck at a time when the primary tumor cannot be detected by physical examination

i or by scanning. The tumor remains confined to cervicallymph nodes for a long time, but
; may invade locally into strap muscles and the larynx, and metastasize to the lungs. Tumor
j growth tends to be partially dependent on TSH and is less aggressive in individuals under
j the age of 40. Ten-year survival with various forms of therapy is up to about 90%.

! 2-6
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] Follicular carcinoma. Follicular thyroid carcinomas vary in histological appearance
!- and tend to metastasize early via the bloodstream to lung and bones. The tumors are TSH
| responsive and tend to pick up and mt:tabolize iodide and to form thyroid honnone. In the
j absence of treatment, the unchecked biosynthesis may lead to clinical thyrotoxicosis. The
j 10 year survival with this type of thyroid carcinoma is about 50%.

j Treatment of Thyroid rancer: The selection of patients for surgery was discussed |
j above. Patients with a neck mass thought to be cancerous, or those with a thyroid mass plus

;

i cervical nodes, should have thyroidectomy. At surgery, diagnosis is made on the basis of j
j examination of the primary lesion, resection of lymph nodes, and subsequent histological

;

j tissue examination. If the lesion is differentiated papillary cancer under 1 cm in size and I

! is confined to the thyroid, a total lobectomy is done for the involved side, a subtotal
J resection is performed on the other side, and resection of the tracheo esophageal groove is
j carried out. If there is evidence of multicentricity, if the tumor is over 1 cm in size, if there
! is a history of radiation exposure to the area, or ifit has metastasized to the neck, a near
; total thyroidectomy is done (with preservation of the parathyroids) along with a limited neck
j dissection. If there is definitive evidence oflymph node involvement or metastases, patients

are given one or more therapeutic doses of iodine-131 to ablate residual tissues and;

i metastatic foci.
! '

i
J

| 2.2.5 Life-Expectancy and Thyroid Cancer
!

| Important parameters in a cost-benefit analysis include not only estimates of potential
{ thyroid effects but also their time of occurrence and their course of outcome. An
i assessment of time intervals at which canar may first be diagnosed and subsequently, the

| time intervals at which death may occur yield the following two important estimates:
!
; (1) the collective number of yean oflife lived with diagnosed macen, and
i
j (2) the total years oflife lost due to premature death from thyroid macers.
i

: Both of these parameters are important in quantifying direct costs, indirect costs, and
|. psychological costs which are discussed in Chapter 5 and in Appendix D of this report.
?

! Radiation-induced thyroid cancers are essentially confined e the papillary and
| follicular kind. The proportion of papillary and follicular thyroid carcinomas when induced
! by radiation, are assumed to be 90% and 10%, respectively. Beach (1%2) and Raventos
! (1964) analyzed the time of thyroid cancer occurrence among 660 cancer cases involving
j external radiation in childhood. Following a minimum latency period of 5 years, the time
! intervals between exposure and macer diagnosis exhibited a log-normal distribution which
j reached a plateau about 15 to 25 years after exposure. The mean time of appearance of

thyroid cancers was 10.5 years.a

1
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| Clinical studies indicate that about 10% of thyroid cancers are fatal and, therefore, |

| result in years oflife lost. The times at which deaths from papillary and follicular thyroid !
: cancer occur have been documented by McConahey (1981) and Cody (1976) and involved I

; a combined population of 1595 thyroid cancer patients treated between 1931 and 1971. The
distributions for the time of death for each of the cancer types as well as their weighted
means are provided in Table 2-1. ;

! Table 2-1
.

| Time Distribution of Deaths Due to Papillary
i and Follicular Carcinoma of the Thyroid i

!
! Time after Papillany Follicular Average Weighted

Diagnosis (Years) (%) (%) Value (%)
1-5 4 51 M.7
6 - 10 22 17 21.5

11 - 15 10.5 8.5 10.3 !

16 - 20 3.5 20.5 5.2

21 or more 20 3 18.3

"IDTAL 100 100 100 i

|

Using the midpoint of time-intervals and the corresponding percentage value as a |
weighting factor, an overall mean survival time of 9.3 years following cancer diagnosis can |
be estimated.

2.3 Health Effects 4%ted with Radiatian Emamre

Radioiodine uptakes from inhalation could result in acute, chronic, and delayed
thyroid effects. For very high doses, acute effects include thyroiditis induced within 2 to 3
weeks after exposure and hypothyroidism within a period of several months. Following a
latency period of years to decades, chronic and delayed thyroid effects may involve the '

gradual insufficiency of thyroid hormone production (i.e., hypothyroidism) or the appearance
of thyroid nodules and cancer.

2.3.1 Acute Radiation Thyroiditis

This condition generally occurs within 2 to 3 weeks after an internal exposure to
radioiodine and is characterned by inflammation and necrosis of thyroid tissue (Maxon
1977). The symptoms are generally mild but in some instances may be intensely
exacerbated by the rapid release of stored thyroid hormones (thyroid storm) (Shafer 1971).
In most instances, this syndrome is abated within several weeks of onset.
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From huma subjects administered I-131 for the ablation of residual thyroid tissue
after thyroidectomy for thymid cancer, data suggest that acute radiation thyroiditis has a
threshold dose value of about 20,000 rads. Above the apparent 20,000 rad threshold, it is
estimated that about 5% of exposed individuals are likely to develop thyroiditis for each

! incremental dose of 10,000 rads which yields a DW or median value of 120,000 rads
(Maxon 1977).

'

| On the basis of these observations, the occurrence of radiation-induced thyroiditis is
; highly improbable even for severe accident conditions and near field populations.

Moreover, if sufficiently high thyroid doses were to occur, they would most likely be
accompanied by lethal external radiation exposure doses. For this reason, acute radiation
thyroiditis is not relevant to a cost-benefit analysis for iodide prophylaxis and will not be
considered in this report.

2.3.2 Chronic Lymphocytic Thymiditis

Chronic lymphocytic thyroiditis is an inflammation of the thyroid that is characterized
by autoimmune reactions and occurs years after radiation exposure. An abundance of
lymphocytes within the thyroid tissue and the prevalence of antimicrosomal and
antithymglobulin antibodies are strong evidence of an autoimmune reaction triggered by
radiation (DeGroot 1983). While incidence rates and risk estimates have been established
for populations exposed to external radiation during childhood, there is insufficient data to

,

permit risk estimates of chmnic thymiditis for I-131 exposure (DeGroot 1977). From a
practical point of view, this condition has limited clinical significance unless the
inflammation is associated with hypothyroidism or thyroid nodules in which case risk
estimates for hypothyroidism and thyroid nodules would encompass potential manifestations
of chronic lymphocytic thyroiditis. Chronic lymphocytic thyroiditis will, therefore, not be
assessed as a separate radiation-induced thyroid condition.

2.3.3 Hypothyroidism

Hypothyroidism represents a metabolic state in which the thyroid produces an
insufficient quantity of thyroid hormone for normal physiologic function. For radiation-
induced hypothyroidism, it must be assumed that a substantial number of cells are either
killed or rendered non-functional, because of the large reserve capacity of the normal
thyroid. In recognition of this reserve capacity and the classical sigmoid dose-response
relationship of somatic cell survival, a linear model with a threshold is generally assumed
for hypothyroidism.

Clinical studies of patients treated with I-131 for G raves' Disease (Becker 1971) and
cardiac disease (Segal 1958) convincingly show a linear correlation between the radiation
dose to the thyroid and the probability of hypothyroidism above a threshold dose. Based
on these and other human data, thyroid doses of 60,000 rads would be expected to result
in a 100% probability of hypothyroidism.
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| The latency period between exposure and symptoms of hypothyroidism ranges from
j less than one year to several decades and increases with decreasing doses. Another
; important variable affecting latency is the age at exposure. As a result, hypothyroidism can

be expected to occur over an ill-defined but limited time period. In this report, a mean
,

latency period of 5 years is assumed for radiation-induced hypothyroidism.
!
i 2.3.4 Thyroid Neoplasms

| Thyroid neoplasms include benign nodules (adenomas) and cancerous nodules
; (carcinomas). Thyroid neoplasms occur spontaneously in the general population and with
j. increased frequency among populations with radiation thyroid exposure.
i

Estimates of spontaneous incidence of thyroid nodules and thyroid cancers for the
i general population are generally based on clinically evident thyroid conditions which do not
] include '' occult" thyroid neoplasms (Le., thyroid neoplasms which go undetected and are only

noted incidentally). Based on the analysis of several independent studies and fitting data
j points with a linear regression function, Maxon (NUREG-4214) estimated the spontaneous
: incidence of clinically htectable thyroid nodules a; 0.1% per year oflife for the general
j population with a life-time risk of approximately 7%. In estimating the number of expected

cancers from the total incidence of thyroid nodules, Maxon assumed that 10% of the
{ nodules were malignant, yielding an annual risk of 0.01% and a life-time risk of about 0.7%.
!

,

| 2.3.5 External Radiation and Thyroid Neoplasms
!

| The most informative human data providing a quantitative relationship between !
i radiation exposure and the delayed formation of thyroid neoplasms involve retrospective

_

;

j studies on subjects exposed to doses up to 1500 rads of external radiation in childhood for '

a variety of benign diseases. For a period of about 30 years (1925-1955), x-rays were
! commonly used in (1) salp irradiation for ringworm (Modan 1974, Shore 1976 or later, Ron
j 1984); (2) neck and chest irradiation for pertussis (Webber 1975); enlarged thymus (Shore
j 1985) adenoids, tonsils (Crile 1975), and (3) skin irradiation for facial acne and
i hemangiomas (Goldschmidt 1977).
i

f Higher doses of external irradiation in the range of 2000 to 5000 rads were used
between 1920 and 1940 for the treatment of goiter (Del.awter 1%3), hyperthyroidism in
adults (Einhorn 1%7), and for cancer in the neck region during childhood (Kaplan 1983).
Collectively, studies of individuals with external thyroid exposures in excess of 1500 rads
show that there is a reduced risk of neoplasms per unit dose than for lower doses. It is
generally assumed that at external doses above 1500 rads, cell-killing increasingly reduces
the potential for neoplastic cell transformation. The incidence of thyroid neoplasms among
these populations was therefore not considered appropriate for formulating risk estimates.

Our current estimates of thyroid risks are based on external exposures ranging from
about 5 to 1500 rads. Thyroid exposures for scalp epilation are estimated to range from 5
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to 50 rads, for enlarged thymus 60 to 500 rads, enlarged tonsils and adenoids 400 to 800:

! nds, and 600 to 1500 rads for facial acne.
i

j For risk estimates, the most significant studies to date, involving childhood exposures
; of less than 1500 rads, are those of Shore (1976), Maxon (1980), Frohman (1977), I
i Hempelman (1975), DeGroot (1983), and Ron (1984). Their studies indicate a linear dose-
: response with no clear threshold for thyroid nodules and cancers. Additionally, these studies

| provide strong evidence of a minimum latency period and a variety of modifying factors
i involving age, gender, and ethnic origin.

| 2.3.6 Thyroid Neoplasia from Internal Exposures to Radioiodine
i

The thyroidal effects from internal deposition of radioiodines have been studied4

| among three categories of exposed individuals: (1) patients receiving large therapeutic doses I
'

! of I-131 for thyroid disorders, (2) patients receiving much smaller doses of I-131 for
: diagnostic purposes, and (3) fall-out exposures from atomic weapons.

3
Therapeutic Exposures. In the treatment of hyperthyroidism associated with Graves'

i, Disease, I-131 is administered in sufficient quantities to cause partial to full ablation of the i

j thyroid. Depending upon patient-specific iodine metabolism and size of thyroid gland,
radioiodine may be administered in millicurie quantities which yield thyroid doses from a

{ - few thousand to more than ten thousand rads.
:

! In two independent studies involving more than 20,000 adult subjects (Dobyns 1974;
' Holm 1984), there was no evidence of I-131 induced thyroid cancers. In fact, the thyroid

cancer incidence rate among I-131 treated patients with Graves' Disease was well below the
; level of patients not treated with radioiodine. It has been assumed that this apparent

absence of carcinomas may be due in large part to the effects of cell killing and/or
sterilization at such high dose levels. Additionally, in bMh studies, the follow-up time (less '

4 than 10 years) was relatively short, and the studies involved adults whose thyroids are less
j. susceptible than those of children.
i

| In two smaller studies with a combined population of 304 patients between 1 and 20
! years of age, two thyroid cancers were observed when only 0.3 cases were expected. The

difference between the observed and expected number of ancers, however, was not
considered significant (Safa 1975).

Diagnostic Exposures. The most intensive follow-up studies of patients given I-131
for diagnostic purposes are the Swedish studies of Holm et.at (Holm 1980, 1984; 1988).
The most recent study (Holm 1988) assessed the cancer incidence of 35,074 individuals who
had survived at least 5 years following exposure to a diagnostic dose ofI-131. Important
statistical parameters for this study population included the following mean values: (1)
thyroid dose of about 50 rads; (2) age at exposure of 44 years; and (3) a follow-up period
of 20 years. A total of 50 thyroid ancers were observed among the I-131 exposed study
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:
; group. Based on age and sex composition of the study group, about 39 cases were expected.

,

; The resultant standardized incidence ratio of 1.27 was not considered significant inasmuch
'
|

! as the observed standardized incidence ratio fell well within 95% confidence interval range
j of 0.94 to 1.67.

Any potential link of the observed thyroid cancers to I-131 exposure is further
: mmmuzed by these facts: (1) 10 of the 50 observed thyroid cancers were medullary
! carcinomas which are generally regarded as non-radiogenic cancers and (2) the majority of
I observed cancers occurred among individuals who had received a diagnostic dose ofI-131
; because of suspected thyroid cancer. In summary, these studies provide no evidence that
j thyroid doses below 150 rads from I-131 significantly increase the risk of thyroid ancer. |

,

!

I
In the United States, an interagency study (involving the Department of Health and

,

: Human Services' Bureau of Radiological Health, the National Cancer Institute, and the I

! Nuclear Regulatory Commission) has been in progress since 1973. The study includes
,

j persons who during childhood were administered diagnostic levels ofI-131 yielding a mean 1

! dose of 94 rads. Although no data have of5cially been published, to date none of the 443
! treated subjects has developed thyroid cancer, and while several cases of benign thyroid
j nodules have been observed, their incidence is not considered significant.

:
I Ernosure to F=11 ant. Two population groups that have been exposed to radioiodine

.

!

from weapon fallout have been extensively studied. Inhabitants of Marshall Island were
exposed to fallout from the 1954 BRAVO thermonuclear test. This atmospheric nuclear test
heavily contaminated the islands of Rongelap atoll and, to a lesser extent, Utrik atoll.
Thyroid exposure resulted primarily from a combination of external gamma radiation and
the internal exposure to a mixture of radioiodines. For the inhabitants of Rongelap and
Utrik atolls, external thyroid exposures have been estimated at 175 and 14 rads, respectively.
However, radioiodines contributed the largest percentage to the total thyroid doses which
ranged from a low of 30 rads to greater than 1500 rads (Conard 1984). The thyroid
condition of inhabitants of those two atolls included an increased prevalence of
hypothyroidism, thyroid nodules, and thyroid carcinomas (Conard 1984). :

In order to refine the risk of thyroid neoplasia from nuclear fallout containing
radioactive lodines, studies of the Marshallese have recently been expanded to include 12
atolls previously thought to be unexposed to fallout (Hamilton 1987). As a result, the study
population was expanded to 2273 persons who were alive at the time of BRAVO test and
who lived on one of the 14 atolls. On the basis of new data, a linear dose-response
relationship was observed which yielded an absolute risk mefBeient of 11 excess cases per
one million person / rad years (Hamilton 1987). This risk estimate was 33% higher than
previous estimates which did not include the total geographical extent of the Republic of
the MarshallIslands. Due to the complexity and the assumptions used in estimating thyroid
doses and the uncertainty of spontaneous incidence of thyroid neoplasia, the National
Research Council's Committee on the Biological Effects ofIonizing Radiation (BEIR) urges
caution in interpreting data regarding the Marshall Islanders.
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; The second population gmup studied for thyroid disorders include children exposed I

; to fallout resulting from atmospheric testing of nuclear devices at the Nevada Test Site
: (NTS) between 1951 and 1%2. During that period,105 tests were conducted above ground
; surface and 14 other tests were conducted below ground, but at a depth where containment
j was incomplete (Church 1990). A cohort of about 2600 public school students who as
j infants lived proximally to the Nevada Test Site in Utah and Nevada, has been studied since
| 1%5. The prevalence of thyroid abnormalities in these children has been compared to that
| in a control group selected from a county in Arizona that was presumed to have received
j little or no fallout from the NTS. Thyroid doses were primarily the result ofingestion of
i radioiodine-contaminated milk, and cumulative thyroid doses among study subjects have i
| been estimated to range from 30700 rads (Mays 1966). The significance of milk as the j

primary pathway for thyroid exposure is that shorterlived radionuclides of iodine are ;
; proportionately excluded from contributing to the thyroid dose. Incidences of thyroid

'

; neoplasms were first reported in 1974 and 1975 (Rallison 1974 and 1975). At that time
j among the 4819 chikiren, which included 2140 nonexposed controls, a total of 76 nodules ;

were detected of which 22 were diagnosed as neoplasms. (In addition to neoplastic nodules, !
I

| observed palpable nodules also included colloid nodules, thyroid cysts, and solitary discrete '

~

nodules without tissue diagnosis.)

j Although the rate of thyroid neoplasms among the Utah / Nevada subjects of 5.6/1000
| was higher than that of the Arizona control subjects (3.3/1000), the difference was
| statistically insigni6 cant. In a follow-up study conducted in 1985-194, in which 3122 of the

j

| original 4819 subjects were reevaluated, thyroid nodules were found in 125 individuals I

j (Rallison,.1990). Of the 125 thyroid nodules detected in this later study period,65 were
considered to be neoplasms. The rate of thyroid neoplasms in Utah / Nevada subjects of:

i 24.6/1000 was again slightly but insignificantly higher than that of the Arizona subjects
(20.2/1000). The authors concluded that living near the N'I3 in the 1950s has not resulted,

! in a statistically significant increase in thyroid neoplasms among exposed subjects when
j compared to control subjects of the same age and gender.
;

$ 2.3.5 Efficacy of Radioiodides Relative to External Radiation |

/
.

] The studies cited above as well as others provide compelling evidence that internal
i exposure to 1-131 is considerably less efficient in producing thyroid effects per uait absorbed
i dose than external X- or gamma-ray exposure. In fact, no human study in which thyroid
| exposure was solely due to internal exposure to radiolodine has provided causal evidence
j of thyroid carcinogenicity.
!

Among the Marshallese and Japanese A-bomb survivors where excess nodules and
! cancers were observed, thyroid exposure to radioiodine was accompanied by external gamma
! radiation. Their data are further obscured by thyroid doses which resulted in

hypothyroidism. Untreated hypothyroidism resulting from partial thyroid ablation induces
! the excessive production and release of thyroid stimulating hormone ('ISH) which is
! suspected to stimulate nodule formation in residual thyroid tissue. The reduced efficacy of

i
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| I 131 relative to external pmma radiation is further supported by clinical data. When
! compared to external doses, considerably higher internal doses are needed to achieve

comparable levels of thyroid ablation.5

The reduced ef5cacy ofI 131 to produce thyroidal effect per unit dose is primarily
thought to be the result of differences in dose rate and dose distribution. When the efBcacy
of I-131 has been compared to that of external pmma radiation, the external samma
radiation dose was received in a very short period of time. Based on the effective half-life
of about seven days, the internal exposure from I-131 is spread out over time '~hich allows
for potential cellular repair. Studies assessing the differences between acute and chronic
exposures have concluded that for a common dose, and depending upon the biological end-
point under investigation, a chronic exposure may be 2 to 10 times less effective (NCRP-
1980).

Potentially of greater significance are micro dosimetric factors which result in a non-
homogeneous dose distribution within the thyroid. 'Ilie thyroid gland consists of spherical
shaped follicles that vary in diameter from 20 to 900 microns, with an average of 200
microns (Gillespie 1970). These structures make up about 50% to 75% of the glandular
volume, the remainder being connective tissue. Each follicle consists of a single celllayer,
which surrounds the colloid filled lumen (see previous Figure 2-1).

The iodide-containing thyroglobulin is synthesized within the cells and subsequently
stored as a liquid colloid within the lumens of the follicles. Orpnically bound iodine is
slowly released by the follicles into the circulating plasma as thyroid hormone. About 90%
of thyroidal iodide is sequestered in the cell-free colloid. Between 90% and 95% of the
energy absorbed by the thyroid from the radioactive decay of I-131 results from the
absorption of beta-particles. _ Based on the disproportionate concentration of radioiodine
within the cell free volume of the follicle and the limited range of beta particles, it is
apparent that a " calculated" thyroid dose (which assumes uniform dose distribution)
overestimates the true dose received by the surrmading cellular components.

Both the National Academy of Science, BEIR V Cornmittee (NAS 1990) and the
National Council on Radiation Protection and Measurements (NCRP 1987) have reviewed
the wide range of values reported in the literature and concluded that for I-131, the relative
effectiveness for the induction of thyroid cancer per unit dose is one-third that of external
gamma radiation. For the induction of benign thyroid nodules and hypothyroidism,1-131
is considered to be only one-fifth as effective as external radiation (NUREG-4214).

For other fission-produced radioiodides, a relative effectiveness of 1.0 is assumed.
This is based on their much shorter half-lives, higher beta energies, and a lack of human
evidence suggesting otherwise.
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j efficient blocking agent, it must be administered in sufficient quantities before or
i concurrently with radioiodine exposure.
q

! The highly effective thyroid block by 100 mg of iodide or more has been
! demonstrated in a number of studies (Pochin 1%2; Cronquist 1971). Blocking by smaller

| amounts ofiodine was also demonstrated by Sternthal (1986). In this study, thyroid blocking
) was about 60 percent efficient for an iodide dose of 10 mg and asymptotically reaches

! efficiency levels of about 95% to nearly 100% for doses of 30 mg and greater. Similar
j values were obtained by othen as reported by the U.S. National Council on Radiation

Protection and Measurements (NCRP 1977).
,

!

! 2.4.2 Persistence of KI Block
:

| Although doses of about 30 mg are nearly as effective as higher doses when taken
; just prior or concurrently with radioiodine, the persistence of the blocking effect to
j subsequent exposure to radioiodine is reduced. The ability of stable iodide to maintain a
i thymid block and prevent the uptake of a subsequent exposure to radioiodine is dependent

on a continued elevated serum level of stable iodide. Using the value of 5 hours for the'

i biological half-period serum clearance rate ofiodide, one can readily determine the serum
j concentration level at any time following an oral administration of KI by means of the
j following equation-

|

-( X s)
'2'8C, = 0, e (Eq. 2-1)'

where: )
serum level (mg) at time t

'

C, =. i
uptake quantity (mg)q =

lapse timet =i
half-period jt, =

Since a 30 mg dose confers about 95% blocking when administered just prior to
radioiodine exposure, it would be expected that a 100 mg slug ofiodide would still provide
a 95% thyroid block almost 9 houn after administration. This relationship is illustrated by
the classical study of D'in, et al (D'in 1972), in which the blocking effect was assessed with ,

time among individuals given a single 100 mg slug of stable iodide (Fig 2-3).
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Figure 2-3. Percent of Thyroid Blocking Afforded by 100 mg of Stable Iodide
as a Function of Time of Administration Before or After a Single Slug Intake ofI-131. i

!

From Figure 2 3, it is apparent that for accident conditions in which public exposure
to radioiodine may last several days, there is a diminiching beneSt associated with a single
slug of stable iodide. For prolonged exposure conditions, Sternthal(1986) determined that
a daily iodide dose of 15 mg,30 mg,50 mg, and 100 mg yielded blocking efficiencies of

|

,

90%,92%,94%, and 98.5%, respectively. '

The duration of time during which K1 must be taken in er.ler to confer thyroid
protection corresponds to the period of exposure or potential exposure. For a reactor

{

,

emergency, this time is assumed to last from a few days to about 10 days.

2.5 Radiciodine Exoosure In Utero: A Snecial Case
i

The placenta freely passes iodide from the maternal to the fetal circulation (Roti
1983). Exposure of a pregnant female to radioiodide, therefore, has the potential for
exposing the fetal thyroid. However, the capacity to concentrate iodide, as measured by the
uptake of radioiodide in the fetal gland, does not start until the end of the first trimester
(12 weeks). At this time, the fetal thyroid has attained a nominal weight of 5 mg but begins
to increase rapidly in size to about 50 mg by 13 weeks,100200 mg by 20 weeks,200-600 mg
by 24 weeks (end of second trimester), and 1-3 g at term. The total iodine content of the
fetal thyroid gland increases with thyroid weight and with gestational age. The fetal data '
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{ indicate that the uptake per gram of thyroid tissue may be considerably greater than that
of adults (Evans 1%7). Studies on fetal thyroid glands do not reveal organically bound

j iodide until about the 19th week despite the appearance of radiolodide uptake at earlier
! ages (Yamanaki 1959). I.abeled T, and T have been detected in low concentrations in3

: thyroid tissues from 2024 week old fetuses (Sinadovic 1986; Costa 1986). The capacity to
!-

~

synthesize lodothyronines (e.g., T., T ) is not necessarily coincident with the onset of3

! secreting these hormones to the fetal blood stream. Release ofiodothyronines to the blood

| seems to require thyroid stimulation by TSH which is not secreted by the anterior pituitary
: until the 28th week. Coincident with the elevation of fetal plasma TSH, there is a marked

sudden increase in plasma T and T levels. At birth, fetal serum T is as high as in the3 4.

; maternal serum.
;

! 2.5.1 Onset of Thyroid Hormone Secretion and Regulation
i

| Information is limited regarding how early in fetal development the pituitary is
: capable of responding to changes in thyroid hormone levels. As already indicated, T, and
; TSH levels in fetal serum concurrently fluctuate sometime after mid-gestation. These
j findings suggest an increasing sensitivity of the fetal thyroid to 'ISH and of the fetal pituitary

| to feed-back suppression by thyroid hormones (Fisher 1985; Delange 1984). The responses
; of the human fetal pituitary near term to thyroid hormone deficiency or excess show that
j the pituitary-thyroid system functions with at least a degree of autonomy from the maternal
i thyroid function.

} The fully mature thyroid gland has the capacity to modify iodine uptake in
'

accordance with circulating iodide levels and independently of'ISH. This auto-regulatory
system in the fetus is absent and develops only during the final weeks of gestation (36-40
weeks) (Delange 1984; Delange 1985; Carswell 1970). This auto regulatory mechanism in
the mature thyroid permits the gland to overcome the suppressive effects on thyroid
hormone secretion caused by excessive iodide levels (Wolff-Chaikoff blockade). A persistent
maternal exposure to KI prior to the fetal development of this auto-regulatory mechanism
may, therefore, impair normal fetal growth and brain development.

2.5.2 Transfer of T, and T from Mother to Fetus3

There is still considerable debate whether maternal thyroid hormones cross the
placenta in amounts significant for fetal development prior to the fetus's independent ability
to synthesize and secrete its own (Fisher 1981, Fisher 1985, Thilly 1978, Burrow 1975,
Selenkow 1973). The reason for concern is that dunng the first and possibly during part of
the second trimester, the human fetus would be entirely dependent on maternal thyroid
function. Therefore, maternal hypothyroidism could result in a decreased availability of
thyroid hormone during the initial phases of gross brain development and during the spurt
in forebrain neuroblast proliferation. The outcome of pregnancies in hypothyroid women
is very poor, showing a disproportionate incidence of spontaneous abortions, stillbirths,
perinatal dcath, developmental abnormalities, and mentai retardation (G reenman 1%2; Man
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! 1976). Because there is no information regarding when in the period of gestation the fetus
! is most vulnerable to maternal hypothyroxinemia, it is not possible to determine if matemal
| hypothyroxinemia of short duration would have advene effects on the fetus.
.

In view of existing infonnation and in spite of unresolved questions, a prudent policy
would avoid maternal hypothyroidism or any situation in which maternal thyroid function
might be impaired during the first and second trimesters. During the third trimester, the
fetal pituitary-thyroid system appears to be functioning with a high degree of autonomy from
maternal thyroid status. During pregnancy, iodide prophylaxis must balance the complex
and time-dependent maternal and fetal risks of radioiodine with the potential adverse effects
of stable iodide overload.

,

2.5.3 Congenital Hypothyroidism and Cretinism
,

Congenital hypothyroidism leading to cretinism is normally observed only in (1)
endemic areas where severe iodine deficiency leads to hypothyroidism in both mother and
child during fetal development and (2) individuals with congenital metabolic defects in
thyroid hormone formation.

Endemic cretinism induced by iodide deficiency in-utero refers to individuals having
a typical constellation of signs and symptoms which at birth include increased hair, low
forehead, puffy features, umbilical hernia, enlarged tongue, and sluggish behavior. Other
abnormalities may include deaf-mutism, mental retardation, and evidence of spastic
paraplegia. If after binh, a state of hypothyroidism is allowed to continue, stunted body and
skeletal growth and mental retardation result. Due to the relatively high dietary iodine
intakes in the United States, cretinism due to in-utero iodide deSciency is rarely
encountered.

In the United States, about 1 out of 5000 new-borns suffers from hypothyroidism due
to a metabolic defect in thyroid hormone formation, transport, and action. Among these
individuals the basis for congenital hypothyroidism is a genetic de6ciency which impairs or
prevents nonnal iodide trapping, iodide organification, * coupling," recycling of iodide, or
resistance to the action of thyroid hormone. These metabolic defects usually represent the
expression of the homozygous recessive genetic abnormality and may, therefore, be observed
in family groupings or inbred populations.

2.5.4 In-Utero Thyroid Dose

Congenital hypothyroidism may also result from the destruction of the fetal thyroid
from maternal exposure to radioiodine. After the first trimester when fetal thyroid uptake
starts, the fetal thyroid may be adversely affected by maternal exposure to radioiodine.
Inadvertent administration of high doses ofI-131 to women for treatment of thyrotoximsis
or thyroid cancer has occurred in limited numbers when their pregnancy was unknown. In
most such instances, exposure occurred early in the first trimester with limited consequences.
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Several cases, however, have been reported where the radioiodide was administered at the

,

end of the first or beginning of the second trimester (Lightner 1977, VanHerle 1975, Hamill

|
1%1, Fisher 1%3, Green 1971, Stoffer 1976). Considerable destruction of fetal thyroid

,

j resulting in infant hypothyroidism and other developmental abnonnalities was observed in
several cases. The relatively low frequency of permanent damage to the fetus is likely'

i related to the fact that fetal uptake is very low until mid-gestation, and inadvertent
administration ofI 131 at suc an a vance stage o ges a on s ni i frequent.h d d f t ti

| '

i

! Johnson developed a model of iodine metabolism in the human fetus on the basis

|
of which he calculated the dose to the fetal thyroid as a function of fetal age from intake

' of radioiodine by the mother. Owing to the small mass of the fetal thyroid, Johnson
calculated that the fetal thyroid dose per unit of maternalintake varies with time but on the
average is about a factor of two above those to the mother's thyroid (Johnson 1982).;

:

! 2.5.5 Pregnant Females and Stable Iodide Prophylaxis
.

From the previous discussion, it is apparent that the pregnant female and her fetus

i are at special risk in case of environmental contamination with radiaiadine. Paradoxically,
KI administration also poses some potentially unique adverse effects during pregnancy which#

may result from iodide overloads to the maternal and/or fetal thyroids. Unfortunately,
insufficient data exist regarding the incidence rates of these effects after single or short term
administration of iodide. When exposure to radioiodine yielding high doses is either
probable or inevitable, the benefits of KI prophylaxis far outweigh potential adverse effects
reprdless of stage of pregnancy. Specific remmmendations by the World Health

'

Organization reprding KI prophylaxis during pregnancy are diama=ad in Appendix B of this
report.

To guard spinst the potential consequences of KI-induced congenital hypothyroid
states, the newborns of pregnant females taking KI should be monitored for an adequate
period to detect signs of reduced T, and/or elevation of TSH levels.

Considering the present lack ofinformation repiding the transient consequences of
maternal KI overload on early fetal development, maternal thyroid function should also be
monitored /mntrolled following KI administration to pregnant females.

2.6 Potentini Adverse Reaniane to Stable fadide

lodine is a ubiquitous but variable mnstituent in the environment. Due to its
solubility, iodide is readily leached out of soll by rain which ultimately carries it to the
world's oceans. From ocean waters, iodide evaporates to the atmosphere where it is
concentrated in rain which replenishes the soil (Koutras 1980). Iodide is essential to good
health, and the main source for humans is through food. The highest naturaliodine content
is found in sea foods which may reach concentrations as high as 800 pg iodine per kg.
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!

Other dietary sources of iodide are eggs, meat, milk, and cereals. Additionally, many foods

| are artificially enhanced in the United States. by additives such as iodized salt. It is
estimated that the daily intake ofiodide for adults in the United States ranges between 125;

pg to 700 pg (Oddie 1970; Rubery 1988).i

1

j Dietary iodide levels play a key role in potential adverse reaction incidence rates.
When dietary levels are high, adverse reactions are assumed to be at their lowest rate.'

i Epidemiological and metabolic studies support a minimum daily adult requirement of 100

|
pg; endemic goiter is usually not found when the dietary intake ofiodine is above 100 pg
per day (Stanbury 1980). However, the American Thyroid Association (ATA) has stated:

i that:
i

| ". . . [while] many anecdotal reports ofisolated reactions to iodides have been
published, reliable incidence data do not exist. It is reasonable to assume that!

j- obvious iodide reactions are rare in the United States where the diet is high
in iodine content. . . When reactions do ocx:ur, they may be intrathyroidal orj

i extrathyroidal"(Becker 1984)

! In instances of dietary deSciency, the synthesis of thyroid hormones is restricted and

,
the serum concentration of T, is low. This stimulates the thyroid pituitary feedback

j mechanism with increased synthesis and secretion of TSH. Elevated serum levels of TSH

! increase thyroid metabolism of iodide as well as the growth of the thyroid which under

|
prolonged conditions of iodide deSciency becomes gottrous.

.

Stable iodide prophylaxis is based on the prompt administration of relatively large|
j amounts of stable potassium iodide (i.e.,130 mg per day) over a period of a few days to a

i potentially exposed population. This transient increased intake of iodide may produce
i detrimental changes in iodide metabolism, thyroid function, and immune reactions among

subjects with low dietary iodide intakes. Also at risk for adverse reactions are individuals:

i with existing thyroid disorders and pathologies. Lastly, the fetal thyroid is potentially at risk

j from pharmacological levels of iodide. Table 2-2 identifies the most common adverse
reactions known to be ===aciated with iodide. Adverse reactions to iodide may be'

! categorized as intrathyroidal and extrathyroidat

!,

9
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: Table 2-2
1

! Adverse Reactinne to Indide :
!s

i

Intrathymidal Effects - Excess or insuf5cient production of thyroid hormones. i.

<
;

Iodide-induced thyrotoxicosis (hyperthyroidism); e 1

j Iodide-induced hypothyroidism 'e

i- ;
;

j Extrathvroidal Effects - non-thyroid related reactions and hypersensitivity
reactions.

Erythema nodosium; ioderma; urtiaria; bullous eruptions;e
Iacne; dermitis herpetiformis; etc.

Swelling of salivary glands, rhinitis, iodisme

Vasculitis; serum sickness; anaphylactoid reactionso

2.6.1 Intrathyroidal Adverse Reactions

Individuals with normal thyroid function are not at risk for intrathyroidal effects
leading to mnditions of hyperthyroidism (thyrotoxicosis) and hypothyroidism.
Hyperthyroidism, when induced by exogenous administration of iodide, is termed "Jod-
Basedow" phenomenon and involves an overproduction of thyroid hormone. This
phenomenon is common to individuals whose thyroid is no longer under the regulatory 1

control of the pituitary gland's secretion of TSH. 'Ibe underlying pathologies for
autonomously functioning thyroids were previously discussed and include thyroid
nodules / cancer, and Graves Disease (Alexander 1%5; Vagenakis 1972; Tunbridge 1977).

Iodine supplementation has also been re-al=d to increase' the incidence of
hyperthyroidism among individuals in previously iodine-de6cient areas following the
introduction ofiodized salt. This Jod-Basedow phenomenon in previously iodide-deficient
areas is thought also to involve individuals with autonomously functioning thyroids.
Apparently, the thyroid in these individuals was functioning autonomously at a hyperactive !
level before supplemental administration of iodide, but was unable to manifest i

hyperthyroidism owing to the limitation of hormone synthesis imposed by the low dietary
intake (Connolly 1970; Fradkin 1983).

|
|
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For select individuals, the administration of iodide may have the reverse effect of
induced hypothyroidism. The antithyroid action of acute iodide overload resulting in a state
of hypothyroidism is well documented (WolK 1969; Nagataki 1974). In normal subjects, an
iodide overload causes a transient block of iodide orpnification (i.e., thyroid hormone
synthesis) known as the "Wolff-ChaikoK effect" (Wolff 1980; 1969). Even with continued
administration and elevated serum levels of iodide, healthy subjects escape from this
transient and subclinical hypothyroid state within hours and resume normal thyroid hormone
production. In some individuals, the induction of the Wolff-Chaikoff effect by exogenous
iodide is not followed by a prompt escape ofits inhibitory effect ofiodide orpnification,
so that a state of prolonged hypothyroidism and possible gotter develops. Continuing and
unrelieved Wolff Chaikoff thyroid suppression is seen among individuals with Hashimoto's
thyroiditis, Graves' Disease, and after surgical thyroidectomy or I-131 treatments (Wolff
1969; Braverman 1971).

'

1

Sub-Ponulatiane I hiv to Manifest Intrathvraid=1 Effects from KI Pronhvlaric It is I

well established that Hashimoto's thyroiditis, Graves' Disease, and idiopathic myxedema are
organ-specific autoimmune disorders of the thyroid. Rese and other autoimmune disorders

| probably develop bemuse of the mnsequences of an abnormal function or reaction of the |
| immune system that is genetically predisposed. The concept that excess iodine might j
| indirectly influence thyroid function by triggering thyroid autoimmune reactions is based on

|
clinical studies that suggest an masaciation between increased consumption of dietary iodine {
and autoimmune thyroid disorders. Studies have shown a greatly reduced incidence rate of
lymphocytic infiltration of thyroid tissue, Nashimoto's thyroiditis, and Graves' Disease in
iodine-deficient and goiter endemic areas when compared to areas of iodine sufficiency
(Bouki 1983; Hall 1996; M4regor 1985). Although the precise mechanisms responsible for i

the initiation of autoimmune phenomena apinst the thyroid gland in genetically predisposed
'

individuals are highly speculative, there is evidence that iodine can play a role in the
| uutiation and exprersion of these autoimmune thyroid disorders.

The quantity of exogenous iodide capable ofinducing thyroid suppression is not easily,

| defined since it will depend on external factors, such as dietary intak'e of iodide, and the
. inter relationship ofinternal factors such as the intra glandular pool ofiodide, the efficiency
| of the autoregulatory mechanism which protects apinst thyroid overloading, and the

underlying thyroid disorder. He American Thyroid Ansariation estimates that daily doses
of between 50 to 500 mg of iodide may induce prolonged hypothyroidism among these
predisposed individuals (Becker 1984).

| A second susceptible target population which may be reprded as normal / healthy
| includes fetuses in the semnd and third trimester. The partially developed fetal thyroid
| dunng this time has the ability to concentrate iodide, but does not yet possess the
'

autoregulatory mechanism needed to escape the Wolff-Chaikoff effect (Delange 1985;
Sherwin 1982).

i 2-23
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i

! Chronic consumption ofiodide-containing medications such as cough medicine and '

iantiasthmatic drugs has been shown to induce fetal hypothyroidism and fetal goiter (Walfish
1983; Mehta 1983). Fetal and neonataliodine overload has also been observed following
the use of iodinated x-ray contrast media dunng pregnancy (Rodesh 1976) and the
cutaneous application ofiodinated skin disinfectants (Povidone-iodine) at time of delivery
(Chanoine 1986). The concentrations of maternaliodide required to induce a fetal Wolff- |
Chaikoff effect have not been properly quantiSed but are thought to be relatively high
(Delange 1988).

2.6.2 Extrathyroidal Adverse Reactions

Numerous non-thyroidal effects have been linked to pharmacological use ofiodide.
Persons potentially at risk for non-thyroidal adverse reactions are individuals with a known
sensitivity to iodide. A particularly sensitive target population comprises individuals with
hypocomplementemic vasculitis (Curd 1979). The most common reactions involve swelling

,

of the salivary glands (sialademitis or iodide mumps), a host of skin reactions (erythema 1

nodosum, ioderms with necrotic skin lesions, urticaria, bullous eruptions, acne-form skin
eruptions, etc.), iodide fever, rhinitis, and lodism (Becker 1987; Rubery 1988; Yalow 1983).
These reactions are generally observed with large doses ofiodide, are self-limiting, and are |
readily reversed by cessation of drug use. Rare, but of greater significance, are certain

|
hypersensitive or allergic reactions which produce symptoms such as fever, pains in joints, !

edema of the face and glottis, angiitis, vasculitis, and anaphylactoid /anaphylaxis reactions. I

2.6.3 Adverse Reaction Incidena Rate j

|

Potential adverse reactions to iodide when taken orally in daily doses of 130 mg can
be assumed to be very few for the general United States population. This assumption is
based on the extrapolation of data reported to the Food and Drug Admini=tration (FDA). 1

The FDA's Division of Epidemiology and Surveillance maintains a computerized data base :
of adverse drug reactions known as the Advene Reaction Reporting System (ARRS). ]

The primary purpose of the ARRS is to serve as an early warning system for adverse
reactions to drugs subject to FDA regulations. ' Approximately 90% of adverse reaction
reports received by the FDA are submitted by drug manufacturers who by law must report
all adverse events that become known to them. The remaining 10% of reports are
submitted directly by health care professionals in response to suspected adverse reactions
among their patients.

An estimate of the potential adverse reaction incidence rate to iodide is best derived
from data involving cough syrups and expectorants. Potassium iodide is a major ingredient
in these oral medications and results in average daily doses of several hundred milligrams 4

of KI. Among the few adverse reactions that have been reported, the reactions are nel life-
threatening. In most instances, the reactions are selflimiting or quickly abate with
discontinued medication.
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A second major class of pharmaceuticals for which adverse reactions have been
reported is iodinated x ray contrast media. The high attenuation of diagnostic x-rays by
organified iodine is the basis for its use in routine medical procedures. However,
exptrapolation of an adverse reaction incidence rate from iodinated contrast data is subject.

; to numerous uncertainties.
.

Appendix C of this report contains summary data of adverse reactions to iodide
which have been reported to the FDA. Also included are basic assumptions and<

quantitative methods used to derive a best estimate of the adverse reaction incidence rate.

i

; The most current data suggest an adverse reaction inddence rate to a daily
j oral dose of 130 mg of KI at 1 x 10' or less.
1

1 I
I
!

4

P

;

1

s

|

i
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CHAPTER 3
L

RISKS OF RADIATION THYROID EFFECTS
:

!
,

| 3.1 Rlsk of Thymid cancar

j Susceptibility to radiation-induced thyroid cancer is greater early in childhood and-
| coincides with the period of thyroid growth. Between birth and early adulthood

(j . approximately 18 years), the thyroid rnass increases from a neonatal weight of 1-3 g to an
adult weight of 17-20 g. Since cell sensitivity is affected by cell differentiation and mitotic

-

'

activity, it is generally assumed that there is a two-fold increase in sensitivity to radiation i
i carcinogenesis for thyroid glands in children and adolescents (18 years of age or less),
! compared to adults.
4

| Studies of both children and adults consistently indicate that females show a much
higher spontaneous thyroid cancer incidence as well as greater effect of radiation

'

i

carcinogenesis of the thyroid than males exposed under similar conditions. Based on these j
empirical observations, risk estimates generally assume that females are subject to at least
twice the risk of thyroid neoplasia as males under similar conditions. Both the NCRP and
BEIR V Committee have adopted the following generic formula to estimate the age, sex,
and radiation source specific risk of thyroid cancer (NCRP 1985, NAS 1990):

l

Specific Risk Estimate = R F S A Y L (Eq. 3-1)

where:

R = Absolute risk estimate of 2.5 excess cases per 16 persons per rad per
year fu consigned (both sexes), ethnically similar, populations of
children exposed to external X irradiation and corrected for a
minimum induction period for thyroid cancer of 5 years,

F= Dose effectiveness reduction factor (1 for external radiation,1-132,
I 133, and I-135; 1/3 for I-131),

S= Sex factor (4/3 for women and 2/3 for men, assuming that women are
twice as susceptible as men and that the R was derived from a
population comprised of equal numbers of both sexes),

A = Age factor (1 for populations age 18 or less at exposure and 1/2 for
populations over age 18 at exposure),

Y = Anticipated average number of years at risk for the population in
question,

L= lethality (assumes a maximum lifetime lethality of 1/10). Use this
factor only when calculating the specific risk estimate for life-time
deaths to thyroid cancer.
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; Table 31 provides the age, sex, and source-adjusted annual risk estimates applicable
'

to the population of the United States. ]

To convert the annual risk coefficients defined in Table 3-1 to lifetime risks for the
current U.S. population, the number of years at risk for each of the four population i;

i subgroups have to be defined. Table 3-2 provides the most current U.S. census data by age
and sex. From these data, the median ages for the four subgroups were determined by
linear interpolation (Table 3-3). Mean life expectancies for the median age in each
subgroup are specified by parameter #4. To determine the mean years at risk (parameter

; #5) for thyroid cancer and thyroid nodules, the respective minimum latency periods of 5 and

; 10 years were subtracted from the mean life expectancy for each subgroup.

The lifetime risk of thyroid cancer for each of the four subgroups is shown in Table
'

3-4 and represents the product of the annual .isk and the mean years at risk for thyroid
cancer. The last column of Table 3-4 also defir.es the lifetime cancer risk for the general
U.S. population. This collective population risk va?ue reprer,ents a weighted average of the,

four subgroups based on their percentage of the tota? poptiation. Thus for the current U.S.
population, exposure to 1 million person-thyroid-rads from I-131 would be expected to yield
about 23 excess thyroid cancers.

:

i

f

1

;

'
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Table 3-1

Annual Risk of Total and Lethal Excess Thyroid Cancers per Million Persons per Rad
of Thyroid Dose for Doses from 6 to 1500 Rads i

(United States population)* '

Persons over age 18 years at Persons age 28 or less at time ,

time of exposure of exposure

Source of TOTAL LETHAL TOTAL LETHAL
Irradiation

Male Female Male Female Male Female Male Female

I-131 0.28 0.56 0.028 0.056 0.56 1.12 0.056 0.112

External X or
gamma rays and 0.84 1.68 0.084 0.?68 1.68 3.36 0.168 0.336

[ I-132, -133, !
,

-134, -135

* Based on an absolute risk estimate of 2.5 cases per 10' persons per rad per year
in people exposed to external irradiation in childhood.
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Table 3-2,

i

1990 Population Distribution in the United States
by Age and Sex * I

i| Age (yean) 1990 Population (x 1000)

Male (%)" Female (%)" Total (%)"
,

I Under 5 9,426 (3.78) 8,982 (3.60) 18,408 (7.38)
| 5-17 23,377 (9.38) 22,253 (8.93) 45,630 (18.30) j
! 18-24 13,216 (5.30) 12,824 (5.14) 26,040 (10.45) |
! 25 34 22,078 (8.85) 21,845 (8.76) 43,923 (17.62) |

35-44 18,785 (7.54) 18,112 (7.26) 36,897 (14.80) j
45-54 12,406 (4.98) 13,061 (5.24) 25,467 (10.22) '

55-64 10,103 (4.05) 11,260 (4.52) 21,363 (8.57) |
! 65-74 8,171 (3.28) 10,207 (4.09) 18,378 (7.37) i
; 75 and older 4,681 (1.88) 8,505 (3.41) 13,186 (5.29).
; TOTAL 122,243 (49.04) 127,049 (50.%) 249,292 (100)
1

*

) Source: U.S. Bureau of the Census, Current Population Report Series"

j Percent of total population.

t
; Table 3-3

Yean at Risk for Age and Sex Groups of the
General Population of the United States for 1990

Age Group (x 1000) !
I

Parameter ater than 18 Ims n or equal to 18

1. No. ofIndividuals 89,440 95,814 32,803 31,235 !
2. % of Total U.S. 35.88 38.43 13.16 12.53 i

Population
3. Median Age (Yean) 38.4 41.4 9.2 9.3
4. Mean Ilfe Expectancy

for Median Age Group 34.4 38.1 61.3 68.8
(Yean)

5. Mean Yean at Risk *
Thyroid Cancer 29.4 33.1 56.3 63.8
Thyroid Nodules 24.4 28.1 51.3 58.8

* Assumes a 5 and 10 year latency period for thyroid cancer and nodules, respectively.
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Table 3-4

Lifetime Risk of Total and Lethal Excess Thyroid Cancers
6per 10 Persons per Rad

Person over age 18 at Persons age 18 or less at U.S.
time of exposure time of exposure Population

for 1990

Source of Total Lethal Total Lethal Total Lethal
Irradiation

Male Female Male Female Male Female Male Female

I-131 8.23 18.5 0.82 1.85 31.5 71.5 3.15 7.15 23.2 2.32

Y External X or"
gamma; I-132, -133, 24.7 55.6 2.47 5.56 94.6 214 9.46 21.4 69.5 6.95
-134, -135

.
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.

I 3.2 Risk of Benlan Thyroid Nodules

! The absolute risk of benign thymid nodules following external radiation therapy in !
} childhood is considered to be 9.3 per 16 PY per rad (NUREG-4214). Females are

.

! considered twice as susceptible as males, and persons over the age of 18 are considered one- !
! half as susceptible as those under the age of 18 at time of exposure.1-131 is considered j'

only 1/5 as effective as external radiation or internal exposure from I-132, I-133,1-134, and
|

1-135. For benign thymid nodules, a latency period of 10 years is assumed. The general:

| formula used to alculate age, sex, and radiation source specific risks is given by the
!' following formula (NUREG-4214)

-

!

Specific Risk Estimate = R F S A Y

where:

R = Absolute risk estimate of 9.3 x 10' PY per rad for benign thyroid
nodules.

F = Dose effectiveness reduction factor (1.0 for external radiation, I-132,
I-133, I-134, and I-135; a value of 1/5 for I-131). !

S = Sex factor (4/3 for females and 2/3 for males). |
A = Age factor (1 for populations age 18 and under at time of exposure

and 1/2 for population over age 18).
Y = Anticipated average number of years at risk for the population. The

minimum induction period for thymid nodules is assumed to be 10
i

years.
,

Table 3-5 provides annual risk estimates for the four population subgroups.

Table 3-5

Annual Risk of Excess Benign Thyroid Nodules per 16 Persons per Rad
of Thyroid Dose for Doses frorn 6 to 1500 Rad

Persons Over Age 18 Persons Age 18 or less
Source of Years at Exposure at Exposure
Irradiation Male Female Male Female

1-131 0.6 1.2 1.2 2.5

External X or gamma rays; 3.1 6.2 6.2 12.4
I-132,-133,-134,-135
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i

i

i

: The lifetime risks for benign thyroid nodules are provided in Table 3-6. These were
| determined by means for the appropriate mean-years-at risk values from Table 3-3 as
! previously described.

Table 3-61

i

Ilfetime Risk of Excess Benign Thyroid Nodules-

per 16 Persons per Rad of Thyroid Dose

|
i Persons over age 18 Persons age 18 or less U.S. Population
! Source of - at time of exposure at time of exposure for 1990
; Irradiation Male Female Male Female

I-131 14.6 33.7 61.6 147 44.7

External X or gamma; 75.6 174 318 729 227
; I-132 -133,-134,-135

|
;

3.3 Rkk of Hvnat vrnidiemh

! Due to the excess apacity of the thyroid gland to produce thyroid honnone,
{ radiation-induced hypothyroidism exhibits a threshold. For external radiation, a threshold
j of 200 rads is assumed. Iodine-131, with an efficiency factor of 1/5, is assumed to have a

threshold of 1000 rads. For external doses of 12,000 rads or greater and I-131 doses of |

60,000 rads, a 100% probability of hypothyroidism has been assumed. Within this range of
exposure, the induction period is highly variable and decreases with increase in dose. Due
to the uncenainty and variability of the induction period for hypothyroidism, annual risk
coefficients are difficult to define. Instead, the risk of hypothyroidism is defined as a life-
time risk (Table 3-7).

'

Table 3-7

Ilfetime Risk of Hypothyroidism *

Applicable Range of Dose (Rads) Lifetime Risic
Source ofIrradiation Cases per 16

Threshold Upper Limit Persons Per Rad

I-131 1000 60,000 17

External radiation, 200 12,000 83
I-132, I-133, I-134, I 135

* Reference: NUREG-4214
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3.4 Risk to the Unborn
!

| Within the first trimester, the fetal thyroid is insufBeiently developed to concentrate
; iodine. Maternal exposure to radioiodine during this period, therefore, poses minimal
; thyroid risk to the fetus. Data indicate that maternal exposure to radioiodine during the
~

second and thirti trimester results in a fetal thyroid dose which is about twice that of the

; matemal thyroid dose (Johnson 1982).

!
j Human data involving in-utero thyroidal exposure to radiolodine are sparse at best.
i The only documented effect of radioiodine in the human fetus is that of hypothyroidism.
! In isolated instances, the mothers had been treated with I-131 doses ranging from about 12

to 225 mci (Russell 1957; Fisher 1%3; Hamill 1%1; Green 1971). The children in these-

! reported instances of fetal exposure manifested the characteristic symptoms and signs of
| cretinism. Due to limited data, however, a dose-response relationship and risk estimate for
j fetal hypothyroidism are not possible. Among this small group ofindividuah, there was one
; aise of thyroid adenomas having a latency of 19 years (Conard 1975).
i

| In the absence of human data providing a scientific basis for estimating fetal thyroid ;

risks, it is reasonable to assume that the fetal thyroid is at least as sensitive to radiation as j
the thyroids ofindividuals less than 18 years of age.

For the purpose of quantifying potential thyroid effects, this report assumes the fetal !

risk coefBeients for benign nodules, cancer, and hypothyroidism are equal to annual risk i

values for males and females under the age of 18. For fetal exposure, the lifetime risk, i

however, will be based on a 75-year life span (Le., years at risk). The lifetime risks of |
thyroid cancer and nodules for individuals exposed in-utero are presented in Table 3-8. '

The potential number of fetal exposures resulting from a nuclear emergency can be
estimated from the 4.07 million live births for 1990 for a total U.S. population of about 250
million. This corresponds to a birth rate of 16.3 per 1000 population per year (National
Center for Health Statistics, U.S. Dept. of Health and Human Services). Adjusting for the

i

fact that the fetal thyroid is sensitive only during the second and third trimester, the {
potential number of fetuses subject to radioiodine injury at any moment in time is reduced !

to about 8 per 1000 exposed population.
,

I
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ITable 3-8
,

Lifetime Risks per 10' Fetal Thyroid Rads

Thyroid Effects

Cancer Congenital [Nodules HypothyroidismSource of Total Fatal
.

Irradiation
Male Female Male Female Male Female Male or Female

I-131 90 188 42 84' 4.2 8.4 17 '

External X or gamma; 465 930 126 252 12.6 25.2 83
sp I-132, -133, -134, -135
e

I

t

.

.

*
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CHAPTER 4 '

THE COMPUTER MODEL USED TO ESTIMATE THYROID
EXPOSURES AND RISKS !

The calculatie of population exposure doses from an airborne release is complex |
and requires the use of a computer model For this report, population thyroid doses were ;
assessed with MELCOR Accident Consequence Code System (MACCS) computer code :

(Chanin 1990; Rollstin 1990). MACCS is a state-of-the-art computer code for consequence
analysis. It is significantly improved from the computer mde used previously in
NUREG/CR-1433. This chapter presents an overview of the critical pathways analyzed,

_

major parameters that affect the computer modeling ofintegrated air concentrations, and
age- and sex-specific variables by which integrated air concentrations are converted to
thyroid doses.

4.1 Exoosure Pathways Caneidered
!

I

In the event of a nuclear accident in which radioiodines are released into the I

atmosphere, thyroid exposure may be the result of external and internal exposure. It is j
useful to distinguish four independent pathways in which external and internal exposure icontribute to the total thyroid dose:

!

!
Plume immercian and dand-thine - an external dose caused by exposure to radiation*

emitted by radionuclides in the effluent cloud. The cloud dose that an individual at
ground level receives as a result of the radionuclides in the effluent cloud is the sum

of the contributions of direct radiation from all sources distributed in the air around
that individual For a passing cloud, the dose rate would begin when the cloud
approaches, reach a maximum when the cloud is overhead, and falls off as the cloud
recedes. The dose is. estimated as a time integral of the contributions of the
radionuclides in each volume element as the cloud passes through (or above) the
position concerned. If the radionuclide release (radioiodine as well as other gamma
emitting nuclides) is of thort duration compared with the longitudinal dispersion !

,

divided by the wind speed, so is the plume immersion dose. I

!
Ground dear =idan - an external dose caused by radionuclides that have depositede

by gravitation and contaminated ground and surface areas. The ground dose depends !
on the persistence of the contaminant, on the quantity and distribution of source i

material deposited at ground level, and on the subsequent time that the individual
remains in the contaminated region. Since the ground-level deposit results from the
fallout of aerosols, the surface source strength also depends on the radionuclide
concentration in the cloud at ground level integrated over time.

,
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Inhalation - an internal exposure resulting from the inhalation of airborne*

i radioactivity of a passing plunu. The magnitude of the thyroid dose is primarily
i affected by the air concentration of radioiodines and the duration of exposure to the
; passing plume.

i Food nathway - an internal exposure resulting from the ingestion of food and drinke

which have been contaminated by radionuclides in the environment.

: The uncensored ingestion of contaminated food products has the potential for high
| thyroid doses. However, regional populations in the United States are not critically
| dependent on local food sources, and the protective measures imposed by local health
! authorities following a nuclear accident would limit the availability and intake of

contaminated food sources. Therefore, it is assumed that thyroid doses from the food
; pathway can readily be avoided or trivialized. External exposure doses from plume
L immersion and ground contamination are considered significant and have been
: incorporated in the computer code for thyroid dose estimates. By far the largest source of
: thyroid exposure, however, is the prompt inhalation of contaminated air from a passing
j plume. Moreover, the benefit of stable iodide prophylaxis is confined to mitigating internal
: exposure that results from the plume inhalation of radioiodines.
:
.

4.2 An Overview of the MACCS Model

I The MACCS computer code models the off site consequences of a severe reactor
j accident in which a plume of radioactive materials is released to the atmosphere. For such

an accidental release, the radioactive gases and aerosols in the plume are dispersed in the:

! atmosphere and transported by the prevailing winds. The environment is contaminated by
| radioactive materials deposited from the plume, and the population is exposed to radiation.
| The fundamental purposes of computer models for off-site consequence estimates are to

track the dispersal of radioactive material away from the accident site, to account for its;

i eventual disposition in the environment, and to estimate potential exposure doses to the
surrounding population. Given information on the characteristics of the radioactive release,
the local and regional weather, and population distribution, such models calculate the
downwind transport, airborne dispersion and ground deposition of the radioactive material,
and the radiation doses received by exposed populations from all relevant pathways.

4.2.1 Core Inventory and Source Term

Core Inventorv - The radioactive inventory of the core at accident initiation (e.g.,
reactor scram)is required as an input. The core inventory is a function of the type and the
operating power of the reactor and the duration of operation after loading fuel. The
MACCS code models 60 radionuclides.

The core inventory of a pressurized water reactor (PWR) of thermal power of 3050

4-2
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MW at the end of power cycle was used for the calculation. The inventory of seven
: radionuclides important for the present calculation is given in Table 4-1. The isotopes

| Te-131m and -132 are important as they decay into I-131 and -132 respectively.
;

'

Table 4-1
4

Core Inventory of Pertinent Isotopes

i ;

j Isotope Inventory (Ci)

| Te-131m 1.13E7

| Te-132 1.12E8
3
.

1-131 7.74E7,

'

I-132 1.14E8

I-133 1.64E8

I-134 1.80E8 i

1-135 1.54E8

Source Term - The atmospheric source term produced by the accident is required as
an input. This involves the number of plume segments released, sensible heat content,
timmg, duration, height of each segment of release, and for each important radionuclide,
the fraction of that radionuclide's release with each plume of release. Using similar
chemical characteristics,60 radionuclides are grouped into 9 release categories. These are
the groups :' noble gas, iodine, cesium, tellurium, strontium, rubidium, lanthanum, cerium,
and barium.

For thyroid exposures and health effects calculations, four radiological source terms
were identified (Table 4 2). These four accident categories represent all the accidents
postulated for the Surry nuclear power plant, which were described in detail in
NUREG-1150. . With the exception of source term category RSUR-2, all the other source
terms consist of two discrete plume releases. The first plume is characterized by the event
that caused the release. The second release results from corium (molten core) and concrete i
interactions (CCI) .

,
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Tabte 4-2

Radionuclide Reteese Characteristics into Environment for Surry

Source Freq. Ete. Energy Rel. Reteese Fraction of Core Inventory ReleasedTers Time Duration
( y r-" (m) (W) (h)

NG 1 ts Te Sr Ru La te Ba

RSUR-1 2.9E-7 10 28 6 200 s 1 0.25 0.18 0.08 0.02 0.005 0.001 0.005 0.0210 28 6.06 2h 0 0.1 0.13 0.1 0.06 0.001 0.005 0.005 0.04

RSUR-2 2.4E-6 0 0 12 3h 1 0.06 0.03 0.09 0.003 0.001 4E-4 4E-4 3E-3
A

RSUR-3 3.3E-5 0 0 6 10 h 2.5E-3 1.5E-5 1.2E-8 7.5E-9 2.5E-9 2E-10 3E-10 4E-10 2.5E-90 0 16 10 h 2.5E-3 1.5E-5 1.2E-8 7.5E-9 2.5E-9 2E-10 3E-10 4E-10 2.5E-9

RSUR-4 1.6E-6 10 28 1 30 min 1 0.075 0.06 0.02 0.005 0.001 3E-4 0.001 0.00510 28 1.5 2h 0 0.04 0.06 0.05 0.02 6E 04 0.003 0.003 0.02

,

P

t
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}

} The characteristics of the four accident categories, RSUR-1 through -4, are given in
] Table 4-3. For the first three categories, the initiating event of the accidents is the loss of
; off-site power, while for the other category, RSUR-4, the initiating event is containment
j bypass resulting from a large break in a system interfacing with the primary reactor cooling
; system. The highest release of iodine is associated with the release category RSUR-1 in
! which the containment rupture coincides with the breach of the reactor pressure vessel
! induced by steam explosions. For the RSUR-2 category, the containment failure involves
! a leak and follows the occurrence of CCL For RSUR-3, the containment functions as
j intended, and a release occurs through a leak that is within the design limits of the

containment. The RSUR-3 source term is further mitigated by the operation of a
| containment spray system which is not available for the other three categories. For RSUR-

4, no containment failure occurs but two plumes release by bypassing the containment. For
i all four accident categories, CCI occurs, and the reactor coolant system is at low pressure
; (<200 psia) at the breach of the reactor pressure vesset
!

i

{ Table 4 3
:

; Accident Characteristics for Surry
a

'

!
j Release Plant Accident Fisgression Characteristics i

Category Damage
'

} State Containment Containment CCI Amt. RCS Pres. VB Sprays
j Failure Time Failure Size CCI (psia) Mode
1 i

RSUR-1 LOSP CF at VB Rupture Prm-Dry Medium < 200 Alpha No
i
t RSUR-2 IDSP CF after CCI I.cak Prm-Dry brge < 200 Pour No

RSUR-3 IDSP No CF No CF Prm-Dry large < 200 Pour L+VL
RSUR-4 Bypass (V) No CF Bypass Pnn-Dry large < 200 Pour No

Alpha _ Steam explosion induced failure
Pour Pouzing or corium (molten core)
CCI Cori Arn and concrete interactions
CF Cord.inment failure
L Late period
LOSP Loss of off-site power
Prm Dry CCI takes place promptly following VB. There is no overlying water pool to

scrub the release.
V Large break in a system interfacing the high pressure coolant system
VB Vessel breach
VL Very late period

4-5
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.

4.2.2 Meteorological Parameters and Plume Dispersion {
i,

i To assess the effect of meteorological variables, a single source term is dispersed at |
'

various times throughout a year and, for each set of conditions, consequence calculations
| are made. Each release is simulated for ensuing hours, often days, until the radioactive
: matedal travels out of the defined population area. The end result is a distribution of
I consequences whose frequencies are dependent on the frequencies of various types of
| weather conditions throughout a year. Using an entire year of weather data, about 150

| individual consequence calculations are made for a typical risk calculation.
t

] To reduce computational time for these extensive calculations, a processor groups
weather data into similar bins. The binnintr. or grouping process, is called stratified;

1 importance sampling, and it is used to ensure that important weather conditions are fairly
|

represented. For example, peak consequences arise from low wind speeds, narrow plumes,
rainfall, and sudden calms, whereas the average consequence calculations can be associated;

: with average weather conditions.

I In the MACCS code, all releases (source terms) travel radially downwind, away from
j the site, as essentially a plane wave. The MACCS rainfall model predicts the washout of

radionuclides from the atmosphere. For deposition of material out of the accident plume-

j onto the ground during dry weather, MACCS includes provisions for particles of different
} sizes.
'

1

For accidents in which the radioactive releases occur over many hours, the release
is treated most effectively as a series of" puffs." This time-variant capability is especially

j important for severe accident scenarios involving releases, of such nuclides as strontium,
barium, and lanthanum. These radionuclides may evolve during core-concrete interactionsi

and are, therefore, released much later (hours) than more volatile chemical species (e.g.,;

j noble gases, lodine, cesium). In summary, MACCS accounts for radioactive decay and
j daughter product buildup within the plant before the various radionuclides are sequentially
j released to the environment.
3

! The MACCS code simulates the dispersion of radioactive material over long
; distances using a Gaussian-distributed plume model The code ihcludes a plume liftoff
j criterion, which limits the dse off the ground from a heated release (source term). As the
i distance from the source increases, the concentration of the cloud monotonically decreases

at its center. The plume may be depleted by contacting surfaces or by intercepting rainfall.
j Rainfall can be intercepted at various distances from the source, such that ground

contamination can either increase or decrease at various distances from the source.
'

Radiological exposures can result from plume immersion, plume shine, ground
| contamination, and plume inhalation.

,

i
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! 4.2.3 Internal Thyroid Dose Parameters
!

| The MACCS model for internal thyroid dosimetry is defined by all relevant
i radionuclides of iodine that enter the body and the factors governing their uptake,

distribution, and retention within the thyroid. The internal dose of the thyroid from
i inhalation of airborne radioiodine can be derived from time-integrated air concentrations

(pCi-h m3) at fixed distances from a source term by the following equation:,

!
f

'

D = [(C, x f, x V x () + (Ci x f, x V x f )) x DCFw (Eq. 4-1)
|

: where:
; Du = thyroid inhalation dose (rad)
! C, = time-integrated outdoor air radioiodine concentration

(pCi-h rrr3)4

i C, = time integrated indoor air radioiodine concentration
; (pCi-h m3)
! f, = fraction of outdoor air radioiodine on respirable particles
; f, = fraction ofindoor air radioiodine on respirable particles
j V = ventilation rate (rrl h-2)
; ( = fraction of plume passage time spent outdoors
5 ( = fraction of plume passage time spent indoors
; DCF = inhalation dose conversion factor (rad pCf m)2m
4

!
,

When it is conservatively assumed that an individual may be outdoors 100% of the;

; time during plume passage, equation 4-1 is reduced to: '

D6 = C, x V x DCFw
;
'

i Estimates of dose for risk assessment have traditionally been based on models
i developed for the radiation protection of adult workers. For this reason, the basic biokinetic
; model represented by " Reference Man"(Le., a subject with the anatomical and physiological

characteristis of a healthy young adult male weighing 70 kg) was deemed appropriate.
While the concept of Reference Man provides a degree of consistency for occupational
dosimetry and risk assessment, Reference Man is clearly not intended to be representative
of the general population and cannot be used for modeling population thyroid doses.

Basic principles ofinternal dosimetry dictate that the thyroid dose from an inhaled
quantity of radioiodine is strongly influenced by several physiological parameters, some of
which are age- and sex 4ependent. Population thyroid doses in this report are based on the
most currently available data defining the United States population in terms of gender and
age distribution.

47
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Ventilation Rates. Equation 4-1 shows that for a given air concentration, the thyroid,

| dose is directly proportional to the individual's ventilation rate. Ventilation rates for male
; and female subjects of different age groups have been estimated by the NCRP (NCRP

1984). In general, ventilation rates increase with age from infant to adult and are+

, significantly higher for active as opposed to resting conditions. They are also slightly greater
for males than for females.

A reasonable selection of ventilation rates assumes that the average individual is
active (i.e., engaged in physical activities, occupational and non-occupational) 50% of the,

j time and is engaged in sleep or passive activities the remaining time. A weighted average,
therefore, is the mean value of active and resting ventilation rates. Table 44 defines the

"

age- and sex-dependent ventilation rates used in this report to generate population thyroid;

I doses.
:

! Table 4-4
i

[ Ventilation Rates by Age, Sex, and Activity *

Ventilation Rate (m'/hr)
: Weighted
i Age Group Sex Resting Active Average
i 0 - 12 months b le 0.090 0.26 0.175
i Female 0.090 0.26 0.175 {
I 1 - 11 years b le 0.39 1.1 0.75
| Female 0.31 0.90 0.61

| 12 - 18 years W ie 0.46 1.8 1.13 |
Female 0.34 1.5 0.92 |;

; > 18 years b le 0.53 1.8 1.17
: Female 0.38 1.5 0.94
s

; * Source: NCRP Report No. 76 (NCRP 1984).

I

Parameters Affectino inhalation DCF Values. For common plume inhalation
;

exposure conditions, variations in dose among individuals or groups ofindividuals arise from '

variations in the uptake and metabolism of radioiodide as well as from anatomical
differences. For a heterogeneous population, the following factors must be considered in

,

the assignment of dose conversion factors (DCFs) for radioiodine:

o Luno Deposition Fractian The magnitude of a thyroid dose resulting from the=

inhalation of radioiodide particulates is affected by physical parameters that influence
the initial deposition and distribution of activity within various compartments or

4-8
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,

: regions of the respiratory tract. The ICRP Task Group Lung Model (ICRP 1966)
! defines the respiratory system as consisting of the naso-pharyngeal (N P), tracheo-

,

: bronchial (T-B), pulmonary (P), and lymphatic regions. In the model, the regions N- I

P, T-B, and P are assumed to receive fractions D , D., and D , respectively, of the i3 3

inhaled activity. When the sum of these three fractions is less than 1, it is assumed
,

that the complementary fraction is promptly exhaled. The values of D , D., and D3 3

'
primarily depend on the effective particle size defined in terms of the activity ;

medium aerodynamic diameter (AMAD) of the inspired particles. In the absence !
of empirical information and for risk analysis, it is conventional to use the AMAD '

value of 1 micron. This value corresponds to deposition fractions of 0.30 (N-P),0.08
(T-B), and 0.25 (P), or 63% of the total respired particulates. It is further assumed
that radioiodine is rapidly and completely absorbed into the bloodstream either2

: directly from the respiratory tract or by respiratory clearance into and absorption by |
| the gastro-intestinal tract. In summary, thyroid inhalation dose values derived in this

report assume an AMAD value of 1 micron for radioiodides. !

i

Ornan untake fraction - The fraction of iodide taken up from the blood by thee

thyroid varies widely among individuals because of differences in dietary iodine levels
and metabolic factors which are age and sex related. The classic work of J. B. {.i

Stanbury has shown an inverse relation between the thyroid uptake of radioiodine
and the supply ofiodine in the daily diet (Stanbury 1954). Variations in committed

: dose from I-131 for reference man under various conditions of dietary intake of
'

stable iodine were calculated by Johnson (Johnson 1982(a)) as shown in Table 4-5. I

Table 4-5;

,

| Variations in Committed Dose for Reference Man
with Stable Iodide Intaket

Daily Iodide Rads /pCi
4 Intake (pg) I-131

75 2.72

100 2.28
'

150 1.72

200 1.38

300 0.996

600 0.54

1000 0.32

4-9
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In countries of the world where dietary intakes ofiodide are low, glandular |
| uptake may reach levels of up to 90%. In the United States, the daily dietary intake |
| is high, varying between 125 pg to 700 pg with an average value of about 200 pg

i; (Oddie 1970; Dumont 1988); for the normal adult, this range of dietary intake i! corresponds to a thyroid uptake fraction of between 15% and 30%. ~

:

j Empirical measurements by Dunning and Schwarz found mean thyroid uptake
fractions of 47% for newborns,39% for infants,47% for adolescents, and 19% fori

j adults (Dunning 1981).

i
Organ mass - The variability in thyroid mass is related to age and body weight. Thee

i mass increases during childhood and continues to increase until adulthood at which
! time the net growth of the organ ceases. Based on data reviewed by Dunning |'

(DunninF 1981), the mass of an adult thyroid ranges from 2 g to 62 g with an average i
value of 18.3 g. This value is essentially identical with that given by the ICRP which !

,

j assumes a value of 17 g for females and 20 g for males (ICRP 1975).
|

4 l

i Effective half-life of radiaindide - The variability of the effective halflive ofe
! radioiodide is determined by the physical half-life of the isotope and its biological
i half life (i.e., metabolic utilization and retention of organified iodide). Children and

adolescents can be expected to exhibit higher turnover and elimination rates than.

i adults (Rosenberg 1958; Heinrichs 1982; ICRP 1988). Dunning and Schwarz (1981)
{ concluded that for adults, the observed range in biological halflives was from 21 to
! 372 days and for young children 4 to 39 days.

* Effective enerav ner dieintenratian - The effective energy per disintegration
(Mev/ dis) of a radionuclide within an organ depends upon the decay energy and the
effective radius of the organ (ICRP 1959). Considering differences in thyroid mass
with age, there is a small corresponding increase in the effective energy per
disintegration (Bryant 1969).

Taking into account these age-dependent parameters, empirically derived inhalation
dose conversion factors have been cited that are consistently similar (NUREG-0172;
Johnson 1981; Heinrich 1982; Dunning 1981, NUREG/CR-3955; ICRP 1988). Table 4-6
identifies the inhalation dose conversion values used in this report to estimate thyroid doses
for five discrete age groups. In this report, the dose conversion factors for I 131 are based
on values reported by Dunning and Schwarz (DnnninF 1981); the DCP values for 1-132, I-
133,1-134, and I-135 are those of Killough and Eckerman (NUREG/CR-3955). All
inhalation dose conversion factors assume that 63% of the inhaled iodide is absorbed into
the blood and that iodide is a Class D aerosol with an AMAD af 1 micron.

4-10
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Table 4-6
4

|- Thyroid Inhalation Dose Conversion Factors for Radioiodides
i

; Radionuclide Dose Conversion Factor (rad /pCi)

j 0-12 mos. 1-11 yrs. 12-18 yrs. > 18 yrs.
: I-131 12.99 7.26 2.78 0.88 i

{; I-132 0.076 0.027 0.01 0.006
i. I-133 2.63 0.84 0.36 0.16

| I-134 0.011 0.005 0.002 0.002

I-135 0.42 0.14 0.05 0.03

|
4

: Petal Thyroid Dose Factors. In the fetus, iodine accumulation begins at 10-12 weeks
! after conception and thereafter increases nearly linearly until birth. But due to the rapid
I change in fetal thyroid mass during the second and third trimesters, the fetal thyroid burden
;

per unit mass is 301 linear (Dyer 1972; Evans 1%7). Johnson (1982) has estimated fetal
thyroid dose per unit uptake by the mother. The fetal thyroid dose per maternal unit of
uptake increases over the period from 12 to 22 weeks gestation and reaches a peak value
of about 3 rads per microcurie in the maternal blood. This value is more than twice the
dose received by the maternal thyroid. Following a steady decline in relative dose, about
2% of the iodide in the maternal blood will be accumulated by the fetal thyroid at term,
which on the basis of relative mass, yields a fetal dose essentially that of the mother.

Fetal thyroid doses in this report are conservatively estimated at twice the value of
the maternal thyroid. Maternal thyroid exposures are based on ventilation and dose
conversion values corresponding to females greater than 18 years of age.

j

,
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i 4.3 Reactor Accident Soecific Tbvroid Doses
i
1

This section provides thyroid dose estimates for population cells in the plumei

pathways corresponding to reactor accident categories RSUR-1, RSUR-2, RSUR-3, and;

j RSUR-4. Thyroid risk coefficients were applied to estimate the corresponding population
thyroid health effects. All exposure values were estimated for normal activity. Normal
activity assumes that individuals spend approximately 75% of their time indoors and 25%
outdoors. Table 4-7 provides relative dose factors for individuals (1) located outdoors, (2).

engaged in normal activity, and (3) sheltered.

| Table 4-7
i

i Relative Dose Factors
:

i
j Normal
; Exposure Source Outdoors Activity Sheltering

| Plume immersion / 1.0 0.75 0.6
cloud-shine

j Ground deposition 1.0 0.33 0.2 ji

i Inhalation 1.0 0.41 0.33 |
|

4.3.1 Plume Center-Line Thyroid Doses by Age and Sex|
i

Tables 4 8 to 411 present the plume center-line thyroid doses from all exposure
{ pathways for each of the seven population subgroups located at discrete distances from the

reactor facility. Independent of reactor accident release category, a comparison of thyroid
: doses among the sub-populations reveals that the male child (age 1-12) receives the highest
i thyroid doses while the adult female receives the lowest (Figure 41). Subgroup differences
j reflect the impact of age- and sex-specific variations (i.e., ventilation rate, iodide

metabolism, and thyroid mass) on the thyroid dose. The last column in each of the four;
'

tables defines the plume center-line dose to the " average person." This set of values was
! derived by weighting each subgroup value by its respective percent of the total population. ;
; For near-Beld residents residing within a five-mile radius, thyroid exposures in the thousands '

; of rads are estimated for RSUR-1, RSUR-2, and RSUR-4. Thyroid doses for RSUR-3 are
lower by several orders of magnitude and beyond 10 miles may be considered trivial.-

'

i
;
;

i
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Table 4-8
!

Plume Center-Line Thyroid Doses * (rem) for RSUR-1 Versus Distance

!

! Distance Female Male Female Male Feraale Male Average |Ranne (mi) Infant M M Teename Teenmoe Adult Adult Person J

: 15 2.0e + 04 3.4e + 04 4.2e + 04 2.2e + 04 2.6e + 04 8.le + 03 1.le + 04 2.0e + 04
| 5-10 7.4e +03 1.3e + 04 1.6e + 04 8.le + 03 9.8e + 03 3.0e + 03 4.2e + 03 7.3e + 03
i 10-25 1.8e +03 3.le + 03 3.8e + 03 1.9e + 03 2.4e + 03 7.3e + 02 1.0e + 03 1.8e + 03
! 25-50 3.0e + 02 5.2e + 02 6.3e + 02 3.3e + 02 4.0e + 02 1.2e + 02 1.7e + 02 3.0e + 02 j

50-100 6.9e +01 1.2e + 02 1.5e + 02 7.7e + 01 9.3e + 01 2.9e + 01 3.9e + 01 7.0e + 01 I

i 100-150 3.le +01 5.5e + 01 6.8e + 01 3.5e + 01 4.2e + 01 1.3e + 01 1.8e + 01 3.2e + 01 |
| 150 200 1.9e + 01 3.4e +01 4.2e + 01 2.le +01 2.6e +01 7.9e +00 1.le +01 1.9e +01

|200-350 8.2e +00 1.5e + 01 1.9e + 01 9.5e + 00 1.2e + 01 3.5e + 00 4.7e + 00 8.5e + 00 |

|
|

Table 4-9

Plume Center-Line Thyroid Doses * (rem) for RSUR-2 Versus Dittance |

!
:

Distance Female Male Female Male Female Male Average
Ranne (mi) Infant M M Teenmoe Teenmee Adult Adult Person

1-5 5.6e +03 1.0e +04 1.2e +04 6.7e +03 8.le +03 2.8e +03 3.9e +03 6.le +03
5-10 7.0e +02 1.2e + 03 1.5e + 03 8.2e + 02 9.9e + 02 3.5e + 02 4.8e + 02 7.5e + 02
10-25 1.3e +02 2.4e + 02 2.9e + 02 1.6e + 02 1.9e + 02 6.8e + 01 9.2e + 01 1.5e + 02
25-50 2.2e +01 4.0e +01 4.9e +01 2.7e +01 3.2e + 01 1.le + 01 1.6e +01 2.5e + 01

50 100 5.le +00 9.2e + 00 1.le + 01 6.le + 00 7.4e + 00 2.6e + 00 3.6e + 00 5.6e + 00
100 150 2.3e +00 4.2e + 00 5.le + 00 2.8e + 00 3.4e + 00 1.2e + 00 1.6e + 00 2.5e + 00
150-200 1.4e + 00 2.5e+00 3.le+00 1.7e+00 2.0e+00 7.0e-01 9.6e-01 1.5e +00
200-350 6.le.01 1.le+00 1.4e+00 7.5e-01 9.le-01 3.le-01 4.3e-01 6.9e-01

* Thyroid dose includes all radionuclides and pathways (i.e., inhalation,
cloud shine, plume immersion, ground deposition); exposure condition is
for " normal activity."
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!
Table 4-10

!
"

Plume Center-Line Thyroid Doses * (rem) for RSUR-3 Versus Distance 1

. .

| Distance Female Male Female Male Female Male Average
j Ranoe (ml) Infant Child Child Teenage Teenage Adult Adult Person
i 1-5 1.8e + 00 3.0e + 00 3.7e + 00 1.9e + 00 2.3e + 00 6.8e-01 9.3e-01 1.7e +00
1 5-10 2.2e-01 3.8e-01 4.7e-01 2.4e-01 2.9e-01 8.8e-02 1.2e-01 2.2e-01

10 25 4.5e-02 7.7e-02 9.5e-02 4.9e-02 5.9e-02 1.8e-02 2.4e-02 4.4e-02
25-50 8.5e-03 1.5e-02 1.8e-02 9.3e-03 1.le-02 3.3e-03 4.5e-03 8.3e-03

50 100 1.9e-03 3.4e-03 4.le-03 2.le-03 2.5e-03 7.4e-04 1.0e-03 1.9e-03 1

100-150 8.le-04 1.4e-03 1.8e-03 8.9e-04 1.le-03 3.le-04 4.2e-04 7.9e-04
150-200 4.7e-04 8.5e-04 1.0e-03 5.2e-04 6.3e-04 1.8e-04 2.5e-04 4.7e-04
200-350 1.9e-04 3.5e-04 4.3e-04 2.2e-04 2.6e-04 7.6e-05 1.0e-04 1.9e-04

1

;

i

Table 4-11 i

Plume Center-Line Thyroid Doses * (rem) for RSUR-4 Versus Distance |

Distance Female Male Female Male Female Male Average
Range (ml) Infant Child Child. Teename Teenage Adult Adult Person

1-5 5.8e +03 9.8e + 03 1.2e +04 6.3e + 03 7.6e + 03 2.5e + 03 3.4e + 03 5.8e + 03
5-10 2.2e +03 3.6e +03 4.5e + 03 2.3e + 03 2.8e + 03 9.0e + 02 1.2e + 03 2.le +03 ;

10 25 5.le + 02 8.6e + 02 1.le +03 5.5e + 02 6.6e + 02 2. le + 02 2.9e + 02 5.0e + 02
25-50 8.6e +01 1.5e + 02 1.8e +02 9.4e + 01 1.le + 02 3.6e + 01 5.0e + 01 8.5e + 01

50 100 2.0e +01 3.4e + 01 4.2e + 01 2.2e + 01 2.6e + 01 8.4e + 00 1.le + 01 2.0e + 01
100-150 8.9e +00 1.6e + 01 1.9e +01 1.0e + 01 1.2e + 01 3.Se + 00 5.2e + 00 9.0e + 00
150-200 5.3e + 00 9.4e +00 1.2e +01 6.0e + 00 7.3e +00 2.3e +00 3.le +00 5.4e +00
200-350 2.3e + 00 4.2e+00 5.2e+00 2.7e+00 3.2e+00 9.9e-01 1.4e + 00 2.4e +00

* Thyroid dose includes all radionuclides and pathways (i.e., inhalation, !

cloud-shine, plume immersion, ground deposition); exposure condition is
for " normal a.ctivity."
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Figure 42 graphically compares the mean thyroid doses to the average person for
each of the four accident scenarios and demonstrates the reduction of mean th>Toid doses
as a function of distance. For incremental distances, the thyroid dose is reduced primarily ;
due to the combined effects of plume dispersion, plume depletion, and radioactive decay of !

short-lived radioiodines.

i

Mean Thyroid Dose (rem)
1.0E+ 05 g

,

5 I
RSUR-1- ~

RSUR-21.0E+04
5-

-*- RSUR-3
|

: -e- RSUR-4 i
i

1.0E+ 03 g

:

:
_

1.0E+02 g j
5 i

-

1.0E+01 g

:

:
-

% .i
1.0E + 00 I

' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '

1 10 100 1000
Miles

!

Figure 42. Comparison of Mean Thyroid Doses to Average Person by Distance

4.3.2 Radial Distance and Thymid Intervention levels

Central to the cost-benefit analysis is the need to estimate the potential population
size for which KI may have to be made available. A highly conservative approach is to (1)
define that distance at which the most vulnerable sub-population may exceed a pre-selected
thyroid dose under the worst accident condition (s) and (2) assume that'KI would be
distributed to select population subgroups. A less conservative approach assumes that KI
will be distributed / administered to all sub-populations. For this assumption, the population
radius may be more appropriately defined by that distance at which the " average person"
thyroid dose may exceed a selected intervention level. Prospective thyroid intervention
levels include those of the EPA (5 - 25 rem), NCRP (10 rem), FDA (25 rem), and ATA (50
and 100 rem). Figure 43 is a probability plot that quantifies the radial distances
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corresponding to male child tryroid doses of 5,10,25, and 50 rem for RSUR-1 accident
conditions. The conditional pmbability curves depict the variability of mean th>Toid values. I
For example, in the down-wind sector, the child thyroid dose of at least 50 rem has a i

probability of nearly 100% for distances out to about 50 miles. Between 50 and 175 miles, l

the probability of exceeding 50 rem declines steadily and approaches a zero value. A 0.5 |

conditional probability corresponds to a radial distance of about 160 miles, which agrees i
closely with the mean thyroid values shown in Table 4-8. Similar plots for RSUR-1 are '

shown for the population average and include the ATA's upper intervention level of 100
rem (Figure 4-4). For the thyroid intervention levels of 50 and 100 rem, the 0.5 conditional

,

probability of exceeding these levels occurs within the radial distances of about 75 miles and i
50 miles, respectively. For thyroid dose intervention levels lower than those proposed by
the ATA, larger radial distances would have to be considered for stockpiling.
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Figure 4-3. Total Thyroid Dose (RSUR-1, Child Male)
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|

' 4.3.3 Estimates of Population Thyroid Effects
:

{ The prophylactic value of KI is limited to reducing internal exposure to the thyroid
j from radioiodides. It is, therefore, important to identify that component of the total thyroid
j. dose which can be mitigated by stable iodide. Table 4-12 shows the percent contribution .
| to total thyroid dose by inhaled radioiodides and all other sources for distance intervals of

425 miles,25-100 miles, and greater than 100 miles. The ratio of thyroid dose from internal,

| radioiodines to all other components of mean thyroid dose varies among the four accident
categories and for a given accident category varies with distance. In general, differences

; among accident categories and for increased distances are relatively small and reflect small '

t
differences in plume depletion rates among radionuclides by deposition and radioactive !

I decay. It is evident from Table 412 that (1) the inhalation of radiolodides contributes
{ about 90% or more to the thyroid dose, (2) of the radioiodides, I-131 accounts for 65-86%
) of dose, and (3) the thyroid dose from the combined inhalation of non-radiciodides, plume
i- immersion, cloud-shine, and ground exposure is a small contributor to the total thyroid dose. Ij The relative contribution of I-131 and other radioiodides to the total thyroid dose is '

| depicted in Figure 4-5.

1 ;

!

j Table 4-12
1 |

| Percent Contributions to Thyroid Dose' |
for Exposed Population Versus Distance,

Inhaled Radioiodides

Accident Distance I-131 Other Iodides All Other Total
Category (miles) (%) (%) (%) (%)

RSUR-1 1 - 25 71 23 6 100
25 - 100 70 20 10 100

100 - 500 80 12 8 100

RSUR-2 1 - 25 68 28 4 100
25 - 100 65 24 11 100

100 - 500 76 17 7 100

RSUR-3 1 - 25 76 18 6 100
25 - 100 78 15 7 100

100 - 500 86 8 6 100

RSUR-4 1 - 25 66 27 7 100
25 - 100 66 23 11 100

100 - 500 77 14 9 100

* Assunes normal activity.
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; 4.3.4 Population Distribution Around Nuclear Power Facilities in the United States
i

j For risk analyses, it is common practice to use a constant population density estimate
which may be expressed as the number ofindividuals per square mile. Even if such a single

'

value represents an empirically derived average value, it will lead to erroneous results and
;. conclusions if the population is, in fact, not homogeneously distributed. In assessing the
; cost-benefit of K1 prophylaxis, this potential error becomes obvious when it is ren=nied
'

that the cost of protecting an individual is constant and independent of potential thyroid
i exposure; the protective " benefit," however, is not constant but decreases proportionately
! with reducing thyroid doses. For individuals living close to a reactor facility where potential
; exposures are greatest, the benefit (i.e., avoidance of thyroid effects) is also greatest per unit
; expense associated with the stacimiting/ pre-distribution of KI tablets. For this reason, an
j attempt was made to determine representative population densities around reactor facilities
| as a function of distance.
!

| To date, comprehensive information regarding population densities around nuclear
,

; facilities does not exist in the open literature. Due to the perceived importance of accurate j
f

population data and the lack of published information, a " Reference LWR Population"
; density distribution was constructed from Final Safety Analysis Reports (FSARs) filed by
i utilities as part of the NRC licensing process. At the time of filing, FSARs typically contain
j the most current population data, as well as projected data, typically at 14 year intervals,
! taking into account national and regional population trends.

From the NRC's Public Document Room, FSAR population data were obtained from
all currently licensed facilities. For some licensees, however, population data were either
insufficiently detailed or formatted in such a way that the data could not be collated with
that of other utilities. In total, usable population data were obtained for 55 facilities
representing 26 BWRs and 60 PWRs. Population data for 16 sectors were added to yield
total population values for each successive annular area starting at the exclusion zone of a
facility and out to a 54 mile radius. These facility-specific data are presented in Table 413.

,
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Table 4-14 shows the average values and the standard deviations for each population
cell. In all cases, the standard deviations of the mean exceeded their mean values.
Population densities were determined by dividing the average number ofindividuals within
each cell by the corresponding area. The first 5 miles yield population densities of about
140 individuals per square mile. Beyond 5 miles, the average population density essentially
doubled in value (Table 4-14).

Table 4-14

Average Population Distribution for U.S. Nuclear Facilities

Distance Average No. Population Density
2(miles) Individuals 1SD (No. Ind./ Mile )

0-1 185 1 314 -

1-2 1560 3365 166 ,

2-3 2172 3698 138

3-4 2977 6019 135

4-5 3979 t 6969 141 I

5 - 10 55,122 84,811 234

10 - 20 240,581 318,939 255

20 - 30 507,664 809,435 323

30 - 40 702,317 t 1,228,789 320

40 - 50 831,796 ! 1,062,887 294

. Population densities beyond the 50-mile radius are not defined in FSARs and had to
be derived by alternate means. All States in which at least one licensed commercial nuclear
facility exists or whose borders are within 50 miles of a reactor facility were identified. The
average population density was defined for each State by dividing the 1990 State population
by the State's area d: fined in square miles. States with multiple reactors were weighted
pmporionately. An overall population density of about 200 individuals per square mile was
thus obtained. This value was used to represent population density beyond a 50-mile radius.

Table 4-15 provides the population distribution of the Reference LWR facility used
to estimate thymid dose and health effects for the four reactor accident categories.

.
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) Table AIS
:

|. Population Distribution for Reference LWR
4

Mean Population

i Distance Total (penon)
Interval Density

j (miles) (penon/ mile') Radial Segment Cumulative
L
; O-1 93 293 293
!

| 1-5 138 10,406 10,699
'

- 10 234 55,142 65,841

! 10 - 25 284 468,472 534,314
i

! 25 - 50 309 1,820,3 % 2,354,710

50 - 100 200 4,713,000 7,067,710

| 100 - 150 200 7,855,000 14,922,710
1

: 150 - 200 200 10,994,000 25,919,710
?

200 - 350 200 51,843,000 77,762,710j

i 350 - 500 200 80,121,000 157,883,710
|

4.4 Population Thyroid Health Effects

| Population thyroid health effects for the Reference LWR are estimated by deriving
! the cumulative population thyroid exposure for each population subgroup and applying the

,

; appropriate risk coefBcient. The percentage ofindividuals representing each sub-population '

! for the Reference LWR is assumed identical to that of the whole U.S. population, as a

defined by 1990 census data. By multiplying the age- and sex-adjusted populations at fixed
'

;

radial distances with the corresponding thyroid dose values cf the exposed individuals, !

| population thyroid doses were derived for each distance interval It is important to note
i that the exposed population is limited to individuals within the plume pathway, which on the
j basis of dispenion parameten may represent only a small fraction of the total population

residing 360 degrees around a reactor facility. Additionally, thyroid doses within the plume,

; pathway for any given radial distance are assumed to exhibit a Gaussian distribution whose
3 maximum value is equal to the plume center-line values cited in Tables 4-8 through 411.
r
!

1
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:
1

:

! Population thyroid doses are converted to thyroid health effects by means of the

| previously derived risk coefficients for thyroid cancer, thyroid nodules, and hypothyroidism.
'

The mean numbers of thyroid cancers, nodules, and ablated thyroids estimated to occur
; within selected distance intervals for the four accident categories are given in Table 416.
! These estimates of thyroid effects represent a population exposed under normal conditions
p with no KI. The number of expected thyroid effects is highest for RSUR-1, followed by
j RSUR-4 and RSUR-2. The small release fraction for RSUR-3 results in small population
i thyroid doses and yields estimates ofless than 0.5 excess thyroid cancers and nodules for all
i- population segments. A less than 0.5 probability of observing a single thyroid cancer or
i nodule for a population cell is reported as a zero (0) value.

! The relative frequencies of total cancers to fatal cancers and to nodules are a
[ constant among population cells. This constancy occurs because the relative frequencies of
j these thyroid affects are solely defined by the relative magnitude of their corresponding risk
| coefficients (see Chapter 3). For I-131, the risk coefficients of 23.2,2.3, and 44.7 per 1(f
i thyroid rads were previously cited to correspond to cancer, fatal cancer, and nodule,
| respectively. On the average, these risk mefficients predict that for every fatal thyroid
j cancer, there will be 9 additional non-fatal cancers, and 19.4 thyroid nodules.

A mmparison of the absolute numbers of thyroid effects per population cell for
j increasing radial distances shows a complex trend reDecting a steady decrease in individual
i doses and a near exponential increase in the exposed population size. Thus, the total
; number of thyroid effects for populations at large distances must be viewed in the context
! ofindividual risks which fall off precipitously with distance. Individual risks an be readily
j estimated by dividing the number of thyroid effects for a population cell by the total number
j of individuals residing within that radial segment.

|
~

The numbers of cases of hypothyroidism for the four accident estegories are also
shown in Table 4-16. Since hypothyroidism is a non-stochastic effect with a dose-threshold,
its occurrence is limited to those populations in which individual thyroid doses exceed
threshold values (defined in Table 3-7) . With the exception of RSUR-1, the likelihood of
exceeding the threshold value is minimal beyond a distance of 25 miles.
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Table 4-16

Population Thyroid Effects for Nonnal Activity with No KI"

A B
Distance . Total Thyroid Cancers Fatal Thyroid Cancers
Interval s
(miles) RSUR-1 RSUR-2 RSUR-3 RSUR-4 RSUR-1 RSUR-2 RSUR-3 RSUR-4 ' '

1-5 137 58. 0 52 14 6 0 5

5 - 10 278 59 0 105 28 6 0 11

10 - 25. 432 72 0 157 43 7 0 16

25 - 50 351 58 0 128 35 6 0 13

50 - 100 232 36 0 84 23 4 0 8
~

100 - 150 174 27 0 63 17 3 0 6
'

150 - 200 138 21 0 49 14 2 0 5

200 - 350 264 41 0 93 26 4 0 9
1

350 - 500 449 72. 0 153 45 7 0 16

C D
Distance Thyroid Nodules Hypothyroidism
Interval :

(miles) RSUR-1 RSUR-2 RSUR-3 RSUR-4 RSUR-1 RSUR-2 RSUR-3 RSUR-4 |

|1-5 361 155 0 139 105 31 0 33

5 - 10 726 157 0 283 186 11 0 49 !

10 - 25 1123 193 0 420 146 1 0 21

25 - 50 909 154 0 340- 11 0 0 0
:

50 - 100 594 94 0 220 0 0 0 0 1

100 - 150 438 70 0 162 0 0 0 0
!

150 - 200 343 55 0 124 0 0 0 0

200 - 350 635 103 0 230 0 0 0 0

350 - 500 %2 168 0 340 0 0 0 0

*

The administration of KI is assumed to reduce the thyroid dose from inhalation of
radioiodides with a 99% efficiency.
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| 4.4.1 Potential Reduction in Thyroid Nodules
i

The potential reductions in the mean number of thyroid effects that would result from
the use of KI are governed by the fraction of the thyroid dose from the inhalation exposure

-

of radiciodide. When KI is properly administered, it reduces internal thyroid exposures
from radioiodides with a 99% efficiency. Thyroid exposure from external radiation and

i internal exposure from non-radioiodide nuclides are unaffecter by the prophylactic
administration of KI. Table 417 shows the residual number of thyroid cancers, fatal thyroid
cancers, thyroid nodules, and ablated thyroids (Le., ablated thyroids resulting in a clinical,

state of hypothyroidism). The difference between values shown in Table &l6 and 417
provides an estimate of the net potential reduction in thyroid health effects attributable to:

KI administration. The number of thyroid health effects that can be potentially avoided if
*

KI is admmistered under optimal cx>nditions is shown in Table 4-18.
,

An estimate of fetal thyroid effects employs a similar methodology and uses,

; parameter values previously defined. Critical parameters include the following-

Fetal thyroid dose: assumed to be twice the maternal dose and to corresponds toe

twice the values for females above 18 years of age (see Tables 4-8 to 4-11).,

4

Fetal thyroid risk coefficients for cancer, nodules, and thyroid ablation are assumede
,

i to be equal to those of males and females under the age of 18, but are adjusted for
; 75 years at risk.
:

'

The number of fetuses at risk is based on the fact that radioiodide is concentrated !
e

in the fetal thyroid only dunng the second and thirti trimesters. At the current birth
rate of 16 live births per 1000 individuals per year, the number of fetuses at risk at

; any moment in time is 8 fetuses per 1000 persons exposed to the plume.

: Although the fetus may be considered the most sensitive member of the general
population, the number of fetuses likely to be exposed from a passing plume is relatively
small.

Table 4-19 identifies the number of fetal thyroid cancers, nodules, and ablated
1

thyroids for maternal plume exposure when no KI is administered. Table 4-20 provides |estimates of residual fetal thyroid effects which can not be avoided even if KI is
|

administered to pregnant women. The difference in corresponding values of Tables 4-19
and 4-20 yields the net potential reduction of fetal thyroid effects attributable to maternal
KI prophylaxis (Table 4-21).

i
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Table 4-17

Residual Thyroid Effects for Population Exposed
Under Normal Activity and Administered KI'4

A B.

Distance Total Thyroid Cancers Fatal Thyroid Cancers
Intenal
(miles) RSUR-1 RSUR-2 RSUR-3 RSUR-4 RSUR-1 RSUR-2 RSUR-3 RSUR-4,

1-5 18 16 0 8 2 2 0 1

5 - 10 37 17 0 16 4 2 0 2

10 - 25 58 21 0 24 6 2 0 2

25 - 50 51 17 0 21 5 2 0 2

50 - 100 35 11 0 14 3 1 0 1

100 - 150 26 8 0 11 3 1 0 1

150 - 200 21 7 0 8 2 1 0 1

200 - 350 41 13 0 17 4 1 0 2

350 - 500 61 19 0 25 6 2 0 2
,

C D
Distance Thyroid Nodules Hypothyroidism
Intenal
(miles) RSUR-1 RSUR-2 RSUR-3 RSUR-4 RSUR-1 RSUR-2 RSUR-3 RSUR-4

1-5 58 52- 0 25 5 4 0 1

5 - 10 117 54 0 51 6 0 0 1

10 - 25 186 68 0 77 1 0 0 0

25 - 50 162 56 0 68 0 0 0 0

50 - 100 111 35 0 45 0 0 0 0

100 - 150 83 26 0 34 0 0 0 0

150 - 200 67 21 0 27 0 0 0 0

200 - 350 131 41 0 53 0 0 0 0

350 - 500 193 62 0 79 0 0 0 0

*

The admi utration of KI is assumed to reduce the thyroid dose from inhalation or
radioiodides with 99% efficiency.
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Table 4-18

|
Potential Net Reduction in Population Thyroid Effects with KI Prophylans

.

BA

Distance Total Thyroid Cancers Fatal Thyroid Cancers
-

Interval
RSUR-1 RSUR-2 RSUR-3 RSUR-4 RSUR-1 RSUR-2 RSUR-3 RSUR-4

(miles)

1-5 119 41 0 44 12 4 0 4

5 - 10 241 42 0 89 24 4 0 9

10 - 25 374 51 0 133 37 5 0 13

25 - 50 301 40 0 107 30 4 0 11 |

50 - 100 197 25 0 70 20 2 0 7

100 - 150 148 18 0 52 15 2 0 5

150 - 200 117 15 0 41 12 1 0 4

200 - 350 223 28 0 77 22 3 0 8

350 - 500 388 53 0 131 39 5 0 13

i

C D i

Distance Thyroid Nodules Hypothyroidism

Interval
RSUR-1 RSUR-2 RSUR-3 RSUR-4 RSUR-1 RSUR-2 RSUR-3 RSUR-4

(miles)

1-5 303 103 0 114 99 28 0 32

5 - 10 609 103 0 231 180 10 0 48

10 - 25 937 124 0 342 144 1 0 21

25 - 50 748 98 0 272 11 0 0 0

50 - 100 482 60 0 174 0 0 0 0

100 - 150 355 43 0 128 0 0 0 0

150 - 200 276 34 0 98 0 0 0 0

200 - 350 504 63 0 177 0 0 0 0

350 - 500 769 105 0 261 0 0 0 0
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Table 4-19

Fetal Thyroid Effects for Normal Activity with No KI'

A B
Distance Total Thyroid Cancers Fatal Thyroid Cancers
Interval
(miles) RSUR-1 RSUR-2 RSUR-3 RSUR-4 RSUR-1 RSUR-2 RSUR-3 RSUR-4

1-5 3 1 0 1 0 0 0 0

. 5 - 10 6 1- 0 2 1 0 0 0

| 10 - 25 9 2 0 3 1 0 0 0

| E-2 7 1 0 3 1 0 0 0

f 50 - 100 5 1 0 2 0 0- 0 0

| 100 - 150 4 1 0 1 0 0 0 0

| 150 - 200 3 1 0 1 0 0 0 0.

| 200 - 350 5 1 0 2 1 0 0 0

j 350 - 500 9 2 0 3 1 0 0 0

:
i

j C D
Distance Thyroid Nodules - Hypothyroidism

: Interval
(miles) RSUR-1 RSUR-2 RSUR-3 RSUR-4 RSUR-1 RSUR-2 RSUR-3 RSUR-4*

| 1-5 9 4 0 4 1 0 0 0

5 - 10 18 5 0 7 1 0 0 0;

'
10 - 25 27 6 0 11 1 0 0 0

i E-M E 5 0 9- 0 0 0 0

50 - 100 15 3. 0 6 0 0 0 0;,

100 - 150 11 2 0 4 0 0 0 0

150 - 200 9 2 0 3 0 0 0 0

200 - 350 16 3 0 6 0 0 0 0

350 - 500 23 5 0 8 0 0 0 0

*

The administration of KI is assumed to reduce the thyroid dose from Inhalation of
radioiodides with a 99% efficiency.
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J j
; Table 4-20 l

i

5 Residual Thyroid Effects for Fetal Exposure
| Under Normal Activity and Maternal Administration of KT.
4 ,

)
A B ;.

i Distance Total Thyroid Cancers Fatal Thyroid Cancers |
! Interval
'

(miles) . RSUR-1 RSUR-2 RSUR-3 RSUR-4 RSUR-1 RSUR-2 RSUR-3 RSUR-4 i
i
: 1-5 1 1 0 0 0 0 0 0
:

| 5 - 10 1 1 0 1 0 0 0 0
i

;t 10 - 25 2 1 0 1 0 0 0 0
i

.

: 3-2 2 1 0 1 0 0 0 0
'

.

j 50 - 100 1 0 0 1 0 0 0 0
'

100 - 150 1 0 0 0 0 0 0 0
; 150 - 200 1 0 0 0 0 0 0 0

{ 200 - 350 2 1 0 1 0 0 0 0

350 - 500 2 1 0 1 0 0 0 0
1

i
4

1 C D
| Distance Thyroid Nodules Hypothyroidism i

Interval
j (miles) RSUR-1 RSUR-2 RSUR-3 RSUR-4 RSUR-1 RSUR-2 RSUR-3 RSUR-4 !

j 1-5 3 2 0 1 0 0 0 0

5 - 10 5 2 0 2 0 0- 0 0

10 - 25 8 3 0 3 0 0 0 0

3-2 7- 3 0 3 0 0 0 0

50 - 100 5 2 0 2 0 0 0 0

100 - 150 4 1 0 2 0 0 0 0

150 - 200 3 1 0 1 0 0 0 0

200 - 350 6 2 0 2 0 0 0 0

350 - 500 9 3 0 4 0 0 0 0

*

The administration of KI is assumed to reduce the thyroid dose from Inhalation or
radiolodides with 99% efficiency.
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Table 4-21 |4

!

Potential Net Reduction in Thyroid Effects for Fetuses with KI Prophylaxis

'

A B

Distance Total Thyroid Cancers Fatal Thyroid Cancers
interval
(miles) RSUR-1 RSUR-2 RSUR-3 RSUR-4 RSUR-1 RSUR-2 RSUR-3 RSUR-4'

1-5 2 1 0 1 0 0 0 0

j 5 - 10 4 1 0 2 0 0 0 0

10 - 25 7 1 0 2 1 0 0 0 |

25 - 50 5 1 0 2 1 0 0 0

50 - 100 3 0 0 1 0 0 0 0

100 - 150 3 0 0 1 0 0 0 0

150 - 200 2 0 0 1 0 0 0 0
|

200 - 350 4 0 0 1 0 0 0 0

350 - 500 6 1 0 2 1 0 0 0

!

i

C D j
Distance Thyroid Nodules Hypothyroidism
Interval |,

j (miles) RSUR-1 RSUR-2 RSUR-3 RSUR-4 RSUR-1 RSUR-2 RSUR-3 RSUR 4 1

! 1-5 6 2 0 2 1 0 0 0 |
.; 5 - 10 13 2 0 5 1 0 0 0
i 10 - 25 19 3 0 7 1 0 0 0

25 - 50 15 2 0 6 0 0 0 0'

[ 50 - 100 10 1 0 4 0 0 0 0

100 - 150 7 1 0 3' 0 0 0 0

150 - 200 6 1 0 2 0 0 0 0

200 - 350 10 1 0 3 0 0 0 0 '

350 - 500 14 2 0 5 0 0 0 0
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CHAPTER 5.

:

| THE ECONOMIC COSTS AND BENEFITS OF KI PROPHYLAXIS
:

!
As a rule, whenever radiation exposure can be reduced by a specific measure, its:

endorsement by policy-makers is linked to a cost-benefit ratio in which the benefit is
|,

j perceived to be equal to or greater than the economic impact of the protective measure.
A mmmon problem encountered in defining a cost-benefit ratio is the quanti 6mtion of the.

i major elements which constitute either the mst or the benefit. When the elements are
j expressed in their normal units, a highly subjective approach is required at the final stage
'

of decision-making. Conversely, an objective and defensible decision is supported by a cost-
! benefit analysis in which all parameters are expressed in dimensionally-equivalent terms.

The quanti 5 cation of gut for making KI available can be obtained by the
! conventional method of assigning monetary values to materials, labor, and other needed

resources. The assignment of monetary values to thyroid health effects is less standardized
and of considerable complexity. Appendix D of this report provides a detailed description
of the methodolop aed to establish monetary values for (1) the programmatic cost of
providing KI and (2) the reduction in thyroid health effects. In this section, only a limited
summary is provided which identifies the principal cost elements and their assigned
monetary values.

5.1 The Emnamic Cast of KI Pronhvlaris

Critical to a discussion of cost is the method by which KI is made available to the
general public. The two principal options include stockpiling and pre-distribution, and any j
policy decision must address not only the economic aspects but also logistical factors '

imposed by either option. Logistical musiderations are governed by (1) the potentially short
time interval between the initiating events of a serious reactor accident and atmospheric
releases of radiciodines and (2) the need to administer KI prior to plume exposure for i

optimum thyroid protection. The timeliness of KI availability is most critical to persons
living in close proximity to a nuclear facility where potential plume exposures are maximal
and plume travel times approach zero.

In spite of the perceived advantage of timeliness for the pre-distribution option, there
are limitations as well as disadvantages which include the followmg-

e Accessibility - KI predistributed to households (and assumedly stored at the
residence) may not be readily available durmg times when residents are at work,
school, etc.

1
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|

| Availability - At any point in time, there are transients as well as new residents toe

j- whom KI was not provided.
:

Loss or misplacement - Based on a 5 year shelf-life / replacement period, there is ao
,

. significant probability that tablets will be lost or misplaced during this lengthy time'
interval.

.

'
Improper storage - Improper storage may adversely affect its shelflife and potencye

: at time of administration.
;

Mieme and accidental administratinn - Like any pharmaceutical kept by a househald,o.

there is a potential for misuse and/or accidental administration with prolonged ;

possession by the general public.
.

j Immoner disp =n1 - For expired tablets, there is a loss of control for proper disposal.e

!
.

| 5.1.1 Cost of Stockpiling

i For the stockpiling option, most of the disadvantages associated with pre-distribution !
are either eliminated or minimi-d. Under the direction of a state's emergency-

: management staff, a program can be developed which provides for the necessary controls
and oversight of stockpiles. Thus, the benefits include proper storage, controlled access to

.

.

stockpiles, assurance of adequate replacement and proper disposal of expired capsules.

With a properly trained ermgency staff and an informed public, potential problemsi

:
associated with a timely distribution of KI can be miniml=d. Timely distribution requires
an adequate number of strategically located stockpiles within the community. Suitable

] locations would include police stations, fire houses, schools, community centers, hospitals
and major health care centers, etc., from which an efficient localized door-to-door3

distribution could be conducted or where residents themselves muld procure the needed KI.
'

!

: Beyond logistical and practical issues, costs must be considered a major factor in a
policy decision which selects stacimiling pre-distribution, or a combination of these two.

options.;

! A unique aspect of the stockpile option is that it is essentially transparent to the
i public and the cost of distribution to residents only becomes a reality in the unlikely event

of a major nuclear emergency. Thus, for the stockpile option, the principal cost is the initial
!

purchase of KI and its periodic replacement from the two FDA approved sources: Carter
i Wallace and ANBEX.;-

i
i

!
i
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!
! * ' Carter-Wallace - At the current purchase price of $75.00/ carton containing 100 vials

with 14 tablets of 130 mg KI per vial, the cost per tablet is about 5 cents. With a ii

; suggested 5-year shelf-life (i.e., replacement period) and a 10 day supply (i.e.,10
? tablets / individual), the annual cost of KI prophylaxis per individualis about 10 cents

for the stockpiling option.
1

! ANBEX - The initial cost for 14 scored tablets of 130 mg KI in a moisture resistant*
l' blister pack is 60 cents per pack with a guaranteed 4-year shelf'.ife. Thereafter,
'

annual payments of 15 cents per package would be required if, and only if, the
stockpiled product can pass required FDA tests for stability and effectiveness. The-

annual stockpiling cost of KI procured from ANBEX would also be about 10 cents;

i per individual.
| |
; Additional costs may include the amendment of existing emergency plans to include
| protocols for distribution, public notification and training of the emergency staff. These
[ one-time costs, however, are likely to be modest and may only marginally add to the
j baseline purchase / replacement cost of KI at 10 cents per year per iridividual
!
! 5.1.2 Cost of Pre-distribution
i
'

For pre-distribution, the cost of dispencing KI tablets to residents is an integral part
of the program cort Additionally, for a pre-distribution program to be effective, there has
to be a very comsfeensive public relations program which not only informs the public of
the objectives of todide prophylaxis and provides supportive information regarding safe
storage, proper usage, dosage, contraindiations, etc., but also establishes public confidence.
In summary, the cost for pre-distribution of KI includes the purchase / replacement of KI, the
pre-distribution of tablets, and a comprehensive public information program.

An assessment of cost for the pre-distribution option can be derived from the I

Tennessee pilot program in which State ofBcials pre-distributed KI to residents within a 5-
mile radius of the TVA's Sequoyah Nuclear Power Plant (see Appendix E of this report).
It is estimated that.the cost of pre-distribution of KI to 3704 households around the !

Sequoyah Nuclear Power Plant was accomplished at $125,000.00. Conservatively assuming
that within the 5 year replacement time there is no loss of KI or relocation of households
and that the average household represents four individuals, a lower bound cost per
individual for the pre-distribution option is estimated at 01.70 per year.

i

The cost estimates for providing KI to specific population segments of the Reference
LWR are presented in Table 5-1 for stockpiling with and without pre-distribution to the less
than 5-mile resident population.
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i-

.i Table 5-1
:

| Annual Programmatic Costs of KI Prophylaxis
'

:

; Distribution Options

j Stockpile Combination *

| Distance Number of segment cost cumulative cost segment cost cumulative cost
j (miles) Individuals (x $1000) (x $1000) (x $1000) (x $1000)

| <5 10,699 1.1 1.1 18.2 18.2

| 5 - 10 55,142 5.5 6.6 5.5 23.7

[ 10 - 25 468,472 46.8 53.4 46.8 70.5 |
25 - 50 1,820,3 % 182 235.4 182 252 |

| 50 - 100 4,713,000 471 706.4 471 723

[ 100 - 150 7,855,000 786 1492 786 1509
!

|
| 150 - 200 10,997,000 1100 2592 1100 2609 |
5

200 - 350 51,843,000 5184 7776 5184 7793
.

350 - 500 80.121,000 8012 15,788 8012 15,805

* includes pre distribution for the < 5-mile resident population.

5.2 The Erannmic Benefits of KI Pronhvlarir The Cast-of mness Anem ch

The " benefits"ofprotective measures commonly employed to safeguard public health,
frequently involve the avoidance of disease, injury, or death. For such cost-benefit analyses,
the monetary equivalence of human illness and disease must be assessed for the patient,
family, and society. The burden ofillness may include financial losse:, pain and suffering,
reduced quality oflife, and premature mortality. At a minimum, the economic benefits must

consider the cost of resources used for medical care and the loss of human resources due
to morbidity, disability, and premature death. Additional consideration may be given to the
impaet of disease, injury, or death on the quality oflife for the affected individual and family
members.

The " cost-of-illness" approach was pioneered by Dorothy Rice, former Director of the
National Center for Health Statistia- (Rice 1985), and is frequently used to assess the

5-4
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:

i
:

| economic burden of disease. In brief, this methodology is defined b three components3

| which include: direct medical costs; morbidity / mortality costs; and psychological costs.
;

! Direct costs include resources used for medical care from the time of diagnosis until
total recovery or death. Morbidity and mortality costs, when combined, are referred to as-

J indirect costs (Hodgson 1984). Indirect costs are the time and output lost or forgone by the
Individual and/or family members from employment (including imputed earnings for.

i domestic work), volunteer activities, and leisure. Lastly, morbidity and mortality invariably
: cause patients and family members to incur psychological costs, such as pain and suffering,
j impaired function in personal relationships, and a general reduction in the quality oflife.
:

5.2.1 Derivation of Direct Ccats

Direct cost estimates of radiation-induced thyroid illness include medial costsi

| associated with the initial diagnosis, treatment of the disease, and the long-term |
i management, surveillance, and care of the patient. Estimates of costs for relevant diagnostic

;

procedures, treatments, hospitalization, etc. in this report are based on 1991 Government i.

and private insurers' reimbursement schedules defined by Physicians' Current Procedural
i Terminology (CIT) Codes. CPT is a listing of descriptive terms and identifying codes for
i reporting medical services and procedures performed by physicians under Government and

.

| private health insurance programs. Additionalinformation was obtained from the Health
'

; Care Financing Adminietration Division (HCFA) of the U.S. Department of Health and |
i Human Semees. ;

i |

! e Thyroid Nodules. Benign nodules may or may not require surgery. For either
instance, costs include the initial diagnosis, treatment, and long-term follow-up. For,

{ long-term follow-up of potential patients resulting from an accidental exposure, an
; average residual life-expectancy of 30 years is assumed following the initial diagnosis
j of a nodule. Estimates of costs for long-term patient management and surveillance
! include routine ofBce visits, hormone replacement therapy, and diagnostic

procedures. For a benign thyroid nodule which does not require surgery, a lifetime2

; medical cost of $5148 to $7375 was identified. When surgery is required, direct
: medical costs for a benign nodule range between $11,820 to $14,047. For either
! situation, the upper value reflects the discretionary use of ultrasound for patient
i evaluation. For a detailed analysis of these and subsequent cost estimates, the reader

-is referred to Appendix D of this report.
,

i

Thyroid Cancer. The major cost difference between a thyroid cancer and a thyroide;

nodule is the need for aggressive treatment of the former. Medical costs for a
'

thyroid malignancy is estimated at $15,413 to $19,348. This range in cost estimates
may, nevertheless, be low in instances where residual thyroid tissue is suspected of,

j malignancy following an initial course of treatment. In cases of persistent suspected
i malignancy, additional I-131 therapies and associated procedures and services are

!- required. It is estimated that each additionalI-131 therapy would increase the total

; 5-5
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cost by about 14000. In rare instances, up to 10 separate therapeutic treatments may
be required for the total eradication of malignancy.

For the 10% of thyroid malignancies which are fatal, cost estimates are adjusted to
1

reflect (1) the reduced follow-up period of medical care and (2) the terminal patient i
-

care costs. Based on mean survival times of papillary and follicular thyroid cancers,
the mean follow-up period of 35 years assumed for non-fatal cancer is reduced to 9.4
years. It is estimated that the average terminal care of a cancer patient costs about
516,000.

Given the options which are available for the treatment and management of thyroid
malignancies and the multiple therapeutic treatments, the following direct costs will
be assigned to thyroid cancer:

,

Non-fatal Thyroid Malignancy = $20,000,

Fatal Thyroid Malignancy = $32,000

e Hvoothyroidism. Medical cost in cases of radiation induced hypothyroidism are
limited to initial diagnostic tests which confirm the reduction or loss of thyroid,

function, hormone replacement and management, and follow-up evaluation of thyroid
status. Cost estimates are based on a 35 year life-expectancy following the diagnosis

1
j and loss of thyroid function. For hypothyroidism medical costs are estimated at

i
55669.

.

Table 5-2 summarizes direct medical costs estimates for the radiation thyroid eftecs
i under consideration.

|

: Table 5 2

Summary of Direct Medical Costs |

Total Direct
Thyroid Disorder Cost (5)
Thyroid Nodule * 9600

Thyroid Cancer
- Non-fatal 20,000
- Fatal 32,000

Hypothyroidism 5600 f
i*

assumes that 50% of nodules require surgery

56

1

I
i
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i

: 5.2.2 Derivation ofIndirect Costs
:

; Indirect costs principally reflect the time and output lost or forfeited by the patient
due to illness, permanent disability, and premature mortality. Indirect costs may also bet

i incurred by individuals other than the patient who may forego economic activities to
i accommodate a family member's illness. Economic activities include occupational work that
; is lost to either the patient or his/her employer, as well as non-occupational (e.g., domestic)
i work which must be performed by someone else at the expense of the patient. For illness,
; the loss of timt from economic opportunities corresponds to three discrete stages:
i

(1) Illness - The period of time during which the thyroid dysfunction becomes sufficiently,

j symptomatic and prompts the individual to seek medical evaluation, and treatment.
! Durmg this time the patient may physically suffer from either hyper- or hyposecretion

by the thyroid gland.

(2) Treatme.nl - Thyroidectomy and therapeutic administration of I 131 require
hospitalization and convalescence; radioiodine therapy also requires that a patient
is first rendered hypothyroid.

(3) Lonn-Term Manneement - Following treatment, the patient, in most instances, is
subject to a life-time dependency on daily doses of thyroxine and must be periodically
monitored for proper dosage. The patient must also be monitored for the recurrence
of nodule / cancer. Patient management and surveillance requires periodic office
visits and clinical evaluation. It is estimated that office visits and out-patient clinical

,

evaluation, on the average, represents a loss of 1 day per year for the residual
portion of the patient's life.

Table 5-3 provides estimates of the average total number of days lost from economic
activities for the various thyroid disorders.

The number of days appropriated to long-term management of the disoitier are based
on the average remaining years oflife following diagnosis and latency periods previously
identified. A special case involves a thyroid malignancy which may result in premature
death.

The intiirect cost of permanent imnairment. In addition to time lost from economic
activity due to illness, a patient may also be permanently impaired and/or disabled.
Permanent impairment or disability can reduce a patient's ability to be fully effective in
occupational or economic activities and must, therefore, be included in assessing the total
indirect cost.

5-7
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|

f Table 5-3

| Time Imt From Economic Activities
] Due to Radiation Induced Thyroid Illness
|
4

! Time Imst (Days)
4

i Thyroid Diagnosis / Long-Term
i _ Disorder Illness Treatment Management Total

j Thyroid Nodule 14 14 30 58

i Thyroid Cancer
'

Non-Fatal 14 14 35 63
j Fatal 14 14 10,731* =10,750

| Hypothyroidism 14 7 35 56
<
t

| * For a fatal malignancy, this value represents loss oflife-expectancy, which is
estimated at 29.3 years.<

&

!

} The American Medical Association has published Giiides to the Evalustian of
Permanent Imnairment (AMA 1990). These Guides provide a reference framework within,

j which physicians may evaluate and report medicalimpairments. Various terms used in the
Guides, such as "unpairment" and " disability" appear in laws, regulations, and policies of
diverse origin and without consistent definition. The Guides define these tenns as follows:

i
L

Impairment - an alteration of an individual's health status that is assessed by medical: e
means.

] Disability - an alteration of an individual's capacity to meet personal, social, ore
3

| occupational demands. Disability is assessed by non-medical nicans. '

i

l On the basis'of these definitions, the economic impact of thyroid disorders on
| indirect costs is most objectively assessed in terms of their permanent medical impairments.
; The AMA provides guidelines for evaluating permanent medical impairment of the thyrcid '
^

due to hypothyroidism from radiation exposure or thyroidectomy as follows (AMA 1990):

Class 1 - A patient belongs in Class 1 when; (a) continuous thyroid therapy is
required for correction of the thyroid insufBeiency or for maintenance of normal
thyroid anatomy, and (b) there is no objective physlal or laboratory evidence of
inadequate replacement therapy.

| Class 1 Ircel ofImpairment of the Whole Person: 0 - 10% |

5-8



Chu 2 - A patient belongs in Class 2 when, (a) symptoms and signs of thyroid
disease are present, or there is anatomic loss or alteration and (b) continuous thyroid
hormone replacement therapy is required for correction of the confirmed thyroid
insufBeiency; but (c) the presence of a disease process in another body system or
systems permits only partial replacement of the thyroid hormone.

| Class 2 level ofImpairment of the Whole Person: 15 - 20%

1

In this report, the central value of 5% for Class 1 permanent impairment will be:

: applied to the permanent hypothyroid conditions which are likely to result from (1) high
radiation exposure doses received accidently, (2) from the radio-therapy treatment for toxic4

! nodules / cancer, or (3) the surgical removal of nodules / cancer. It will further be assumed
i that this 5% medical impairment results in a 5% disability for occupational and non-
; occupational economic activities for the affected individual, family members, and/or society.
!

| The conversion of time lost from economic activities to equivalent dollars is most
fairly achieved by means of the Gross National Product (GNP). The GNP is considered the;

; most comprehensive measure of the country's economic activity and includes the market
value of all goods and services that have been bought for final use during a year. From the
G ross National Product of $5200 billion in 1989, the gross average annual per capita income
of about $21,000 is derived. This value of $21,000 per year can be used to determine the
equivalent dollar value for the number of days lost over the lifetime of an individual
afDicted with a thyroid condition. This value can also be applied to determine the
equivalent value of a 5% permanent disability (i.e., a 5% disability equates to about $1000
annually in reduced income). Table 5-4 provides estimates of the total average indirect
costs associated with thyroid disorders.

Table 5-4 )

Average Lifetime Indirect Costs
Associated with Thyroid Disorders

Lifetime Indirect Costs ($)

Thyroid Disorder For Time I.ost For Disability Total
(%5)

Thyroid Nodule 3337 30,000 33,337

Thyroid Cancer
Non-Fatal 3625 35,000 38,625
Fatal 619,586 9400 628,986

Hypothyroidism 3222 35,000 38,222

l

5-9 i
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5.2.3 Derivation of Psychological Costs

i Disease may bring about numerous changes and impositions in the lives of the patient
j and family members that may in part be linked to, but are not reflected in the direct and
*

indirect emnomic costs identified above. The wide variety of deteriorations in the quality
1-

of life (QOL) brought on by illness are frequently referred to as psychological costs. For
j

thyroid neoplasms and dysfunction, e deterioration in the quality oflife may be precipitated -

by the loss of bodily function, a lifetime dependence on medication,' hormonal instability, '

i disfigurement from surgimi scars, the uncertainty of normal life expectancy, and reduced
i financial security. In characterizing psychological costs associated with disease, Thomas
! Hodgson (Hodgson 1985), chief Economist for the Department of Health and Human
j Services' Office of Analysis and Epidemiology states: ,

!

" Disease may bring about personal catastrophes . . . to the victims ofillness,j . . . children, spouses, and siblings of victims, friends and co-workers of
j victims; and those who render care may all be affected. A victim may suffer
3 a loss of a body part or speech, disfigurement, disability, impending death,
j pain, and grief. He and those around him, may be forced into economic

dependence and social isolation, unwanted job changes, loss of opportunities:
i for promotion and education, relomtion of living quarters, and other!

undesired changes in life plans. The environment created by illness often
induces anxiety, reduced self-esteem and feeling of well-being, resentment,:

i and emotional problems that often require psychotherapy. Problems ofliving
i

may develop, leading to family conflict, antisocial behavior, and suicide. The
victim and others may experience marked personality changes and reduced

|
i .

| sexual function. Disrupted development and delinquency may occur among '

j
children. The quality oflife may be reduced beyond restorative capability of

!! current rehabilitation efforts. The combination of financial strain andj psychological problems can be especially devastating." i

I |

j Due to the fact that quality of life issues have only recently become the subject of
formal investigations among health care professionals, QOL data is both sparse and lacks

! standardization. In July 1990, the National Institutes of Health (NIH) conducted ai

workshop on the quality oflife assessment in cancer clinical trials (NCI 1990). Among the
major objectives of the meeting were to define discrete quality of life elements and to
identify currently avallable instruments (i.e., methods) for QOL assessment. The workshop:

| group consisting ofinternational experts concluded that (1) the quality oflife of patients isi
affected by both the disease and by the treatment of the disease and (2) the quality oflife
is a multi-dimensional concept which must be evaluated by a set of instnaments (i.e.,
methods) that measures both broad issues and disease /tientment specific phenomena.

Although QOL measurements which specifimlly deal with thyroid cancer and/or
thyroid dysfunction are not currently documented, the literature, nevertheless, identifies age,
gender, marital status, educational level, religious beliefs, employment, and economic status,
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i

;

}
t

!. and the number of children living at home as generic variables which affect changes in the
! quality oflife imposed by a given disease. >

J . .

! Valuation of Psychalaniml Costs. In spite of the fact that psychological costs are
| consistently identified as a major cost component by health care researchers and economists,
E no formal attempt has been made to quantify these costs in monetary terms (Hodgson 1984; i

Rice 1985; Brown 1990). The reason for this omission is obvious. From the' forgoing,

i discussion, it is safe to conclude that the intangible dimensions which define the quality of
,

; life are (1) highly subjective, (2) vary greatly among individuals, and in time and space, and
(3) are not readily expressed in monetary terms. Independent of these difficulties, past,

instances of excludmg psychological costs may have been justified for conditions in which
'

*

| the health effect is of unknown origin, self-inflicted or unavoidable.
:
! The omission of psychological costs, however, is not readilyjustified for situations in
j which the health effect is clearly avoidable, or is the consequence of negligence or wrongful
; action of a second party. In litigation cases of wrongful injury or death, monetary
| compensation for psychologimi cost factors generally exceed those involving medical costs |

<

t or loss of earnings. The thyroid health effects under consideration in this report must
! clearly be considered avoidable through the administration of KI. Additionally, accidental
j public expcsure to radioiodine is likely to be viewed as the direct or indirect consequence

4

j of human negligence or wrongful actions. A complete cosa-benefit analysis ofKI prophylaxis !
j must, therefore, include estimates of psychological cats expressed in the unit of dollars. )
e

Based on the monetary awards for the radiation and non-radiation injury claims cited
; in Appendix D, and the opinion expressed by a subject matter expert, the psychological cost
| component for each radiation-induced thyroid health effect is estimated at $500,000 and will

be applied to the derivation of cost-benefit ratios for KI prophylaxis.
!
.

) 5.3 Summatian of ThyrniA Health Effects Cast

Table 5-5 summarizes previously derived values for the direct meilical costs, the
indirect cost oflast economic opportunities, and the psychological costs attributed to the
reduced quality oflife for each of the thyroid disorders considered in this eport. For all !

three thyroid effects, the direct medical cost for diagnosis, treatment, and foDow-up
represents the smallest contribution to the total cost. The assigned common value of
$500,000 for psychologial costs dominates the total costs of potential thyroid effects .

8

Although the indirect cost of $629,000 for a fatet thyroid concer is considerably Larger, the
Low frequency of fatet cancers among thyroid effects M3.5%) mitigates its impact on the
everage indirect cest of thyroid disorders.
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i

Table 5-5
1
! Average Total Cost Per Radiation-Induced Thyroid Effect
i

! Direct Indirect Psychological Total
| Thyroid Effect ($) ($) ($) ($)

| Nodule 9600' 33,300 500,000 542,900
; Cancer

Non-fatal 20,000 38,600 500,000 558,600
Fatal 32,000 629,000 500,000 1,161,000

Hypothyroidism 5600 38,200 500,000 543,800

* Value represents the mid-point of the range in direct medical cost estimatn.

In-ulsm Cast Estimmtes. Fetal exposure in-utem may also result in thyroid nodules,
thyroid cancer, or congenital hypothyroidism. The resultant cost elements are similar to
those involving the general population, but are somewhat higher in value which reflects the
reduced age at time of first diagnosis. Affected t>y this shift in time are costs associated with
long-term medical care and surveillance, and ladirect costs oflost economic opportunities.
When in-uttm exposure results in thyroid dhorders, the costs are based on the following
ages ofinitial diagnosis:

e hypothymidism: at time of birth

e thymid nodule: at age 10

e thymid cancer: at age 5

for fatal thyroid cancer, the time of death is assumed to occur at age 14.4e

The cost of thymid effects which are the result ofin-utem exposure are summariwl.
in Table 5-6.

5-12
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; Table 5-6
!

Cost Estimates of Thyroid Effects For In-Utero Exposure ;,

!
: In Utero Direct Indirect Psychological Total
j Thyroid Effect ($) ($) ($) ($)
i Nodule 17,000 53,000 500,000 570,000
L
! Cancer
! Non-fatal 24,000 56,000 500,000 580,000
; Fatal 32,000 N/A 500,000 532,000
,

i
Hypothyroidism 11,000 79,000 500,000 590,000,

!

: 5.4 An Evaluation of the Derived Cost Estimates i

!

The appropriateness of monetary values for thyroid dysfunction and neoplasms '

derived in this report may be assessed by comparing these values to those which'have
'

; previously been published by the NRC and other Federal agencies. For example, as part
i of a study performed by Sandia National I.aboratories to estimate the financial
j consequences of reactor accident health effects (NUREG/CR-2723), cost estimates were
| determined for on-site emergency workers for five severe accident categories. Health effect
j " costs" to emergency utility worken were converted to dollar-equivalents using the following
i mnversion:- (1) $1 million per early fatality, and (2) $100,000 per early injury or latent

i
. cancer. These 1983 cost estimates, when adjusted to the current medical costs and market '

| value of the dollar, yield cost estimates that are very comparable to those defined in this
| report. It may further be argued that cost estimates derived in this report are subject to an
j adjustment factor which accounts for the difference in the involuntary non-occupational
j exposure of a member of the general public and the " voluntary" exposure conditions of the
j utility emergency worker. As a rule, h is appropriate to assign a higher compensation value

in instances of involuntary participa' ion. -

In a recent analysis of radiation risks to the public from residential radon exposure,
j the EPA evaluated the cost-effectiveness of radon testing and mitigation at various levels
; (EPA 1992). Results of this cost-effectiveness analysis show that at the EPA's recommended
1 action level of 4 pCi/1, the cost per lung cancer death averted is about $100,000. At this

action level, the EPA macluded that ". . . the Radon Program would be as or more cost-
-

'

effective than many other government programs for personal safety and environmental
protection."

The cost-effectiveness of several other Federal programs was recently assessed in a
report issued by the OfHee of Management and Budget (OMB 1991). The range of cost per
life saved for three program areas are cited in Table 5-7.
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Table 5 '?,

Ranges in Publicly implied Valuations of Federal Programs *

Federal Program Area Range of Cost Per Life Saved (19915's)

Highway Safety 63,000 - 3,300,000

Air Transportation Safety 100,000 - 1,600,000

Occupational Safety 100,000 - 74,000,000

'

* Reference: OMB 1991

In summary, values cited in Table 5-5 and 5-6 fall within the range of existing NRC
guidelines used in impact analyses as well as those recently published by the EPA.

!

l

*

|

s
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I CHAPTER 6

THE COST-BENEFrr RATIO OF KI PROPHYLAXIS

|

A cost-benefit ratio for KI is represented by a dimensionless quotient derived by
dividing the programmatic cost of KI stockpiling by the monetary equivalent value of

- avoided thyroid effects. In Chapter 5 of this report, the programmatic cost of KI prophylaxis
for the stockpiling option was assumed to be principally determined by the purchase cost
of KI and its periodic replacement.

KI tablets, currently available from two FDA-licensed firms, continue to be evaluated
by the FDA for residual potency. At this time, a minimum shelf life of 5 years can be
assumed for KI under proper storage conditions. At the current retail price and a 5-year
replacement schedule, the programmatic cost ofstockpiling KI was estimated at about $0.10

g per person per year. Multiplying the number of persons within each population cell by $0.10
yields the annual programmatic cost estimates for discrete distance intervals shown in Table
6-1.

|
Table 6-1

Annual Programmatic Costs of KI Prophylaxis

Stockpile Option
Distance Number of segment cost cumulative cost
(miles) Individuals (x $1000) (x $1000)

,

! <5 10,699 1.1 1.1

5 - 10 55,142 5.5 6.6
10 - 25 468,472 46.8 53.4

25 - 50 1,820,396 182 235.4
50 - 100 4,713,000 471 706.4

100 - 150 7,855,000 786 1492

150 - 200 10,997,000 1100 2592
200 - 350 51,843,000 5184 7776
350 - 500 80,121,000 8012 15,788

'

Deriving a monetary equivalence for the thyroid health effects potentially avoided
when K1 blocks thyroidal uptake of radioiodides with a 99% efficiency was considerably
more complex. Chapter 4 identified four specific accident scenarios with the potential to
release large quantities of radiolodides into the atmosphere. By means of the MACCS
computer code, atmospheric releases of radioiodides were modeled to yield integrated air

6-1
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:
1

concentrations at fixed distances and then converted to thyroid doses using age- and sex -
specific ventilation rates and dose conversion factors.

;

Also in Chapter 4, thyroid doses to individuals in the plume pathway were converted;

! to thyroid health effects by means of risk coefScients. Numbers of thyroid health effects
! were estimated for the general population and fetuses for discrete population cells defined

by distance intervals.,

.

j in Chapter 5, (and Appendix D), the monetary equivalence for each thyroid health
; effect was derived. Estimates of cost equivalence included lifetime medial costs, loss of
i economic opportunity and psychological costs attributable to pain and suffering, reduction
! in quality of life, etc.
;

! Multiplying the expected number of avoidable thyroid effects in each population cell
(Chapter 4 Tables 4-18 and 4-21) with their economic worth (Chapter 5, Tables 5-5 and 5-
6) yielded the economic beneSts of avoidable thyroid health effects menaciated with each of

'

j the four reactor accident scenarios.
;

A cost-benefit ratio in which the programmatic costs are expressed in annual terms,
however, requires that the economic beneSts of avoided thyroid health effects also bei

expressed in annual terms. ' Die monetary equivalence of avoided health effects resulting.

; from each accident scenario can be expressed in annual terms by incorporating a factor that
! defines the probability that a given reactor accident scenario may occur in a year's time.
| Best estimates of accident frequencies for the four release categories analyzed were
i previously defined in Table 4-2 and are reproduced in Table 62.
)
1

Table 6-2,
. ,

|
i Reactor Accident Frequencies
i

j Release Category Frequency (year )
i RSUR-1 2.9E-7
1

,

; RSUR-2 2.4E4
j RSUR-3 3.3E-5

RSUR-4 1.6E4

; The multipliative values of(1) the number of expected thyroid health effects, (2)
| their monetary equivalence, and (3) the accident frequency for each accident scenario

provide an estimate of the yearly economic benefits of KI prophylaxis. Table 6-3 provides:

: a breakdown of the average annual economic beneSts. For the population cell defined by
i the I to 5 mile radius, for example, a yearly economic benefit of $242 is estimated. To
; ensure that the reader's understanding of the method employed to derive this value, a
j sample calculation is provided for the 1-5 mile population cell.
:

i 62 '

4

)

I
i

I

i

!
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Table 6-3

Yearly Reductio.1 in Population Thyroid Effects and .;
Their Equivalent Monetary values

Non-Fatal Thyroid Fatal Thyroid Thyroid
Distance Cancers Cancers Nodules Hypothyroidism (Interval Total
(miles) No. of Value No. of Value No. of Value No. of Value $-Value

Cases ($) Cases ($) Cases ($) Cases ($)
1-5 1.84E-4 103 2.05E-5 24 5.18E-4 281 1.46E-4 79 487 f
5- 10 2.83E-4 158 3.14E-5 36 7.95E-4 432 1.54E-4 84 710 ,

10 - 25 4.00E-4 223 4.44E-5 52 1.12E-3 603 7.78E-5 42 925

25 - 50 3.20E-4 179 3.55E-5 41 8.89E-4 483 3.32E-6 2 705
9 iW 50 - 100 2.06E-4 115 2.29E-5 27 5.63E-4 306 0.00E+0 0 448 j

100 .150 1.54E-4 86 1.71E-5 20 4.13E-4 224 0.00E+0 0 330
|150 - 200 1.21E-4 68 1.34E-5 16 3.18E-4 173 0.00E+0 0 257 i

200 - 350 2.30E-4 128 2.55E-5 30 5.80E-4 315 0.00E+0 0 473
350 - 500 4.05E-4 226 4.50E-5 52 8.94E-4 485 0.00E+0 0 763 [

!-

i

!

:

;

i

|
F

I
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3 SAMPLE CALCULATION: Derivation of the Yearly Reduction in Population
1 Thyroid Effects and Their Equivalent Monetary Values for the 1 to 5 Mile Population

Cell,

1. From Table 4-18, the total number of avoidable thyroid health eNects per
accident release category for the 15 mile population are as follows:

1

Release Non-Fatal Fatal-.

'

Catenory Cancer Cancer Nodules Hypothyroid,

RSUR-1 107 12 303 99
,

#

RSUR-2 37 4 103 28
| RSUR-3 0 0 0 0
; RSUR-4 40 4 114 32

2. Annual reduction in avoidable thyroid health effect = (No. of expected effects)

] x (Accident frequency):

! Release Non-Fatal Fatal
; Category Canst Cancer Nodules Hypothyroidi

RSUR-1 3.1E-5 3.5E-6 8.8E-5 2.9E-5 -
RSUR-2 8.9E 5 9.7E-6 2.5E-4 6.6E-5

; RSUR-3 0 0 0 0 :

! RSUR-4 6.4E-5 fidEdt 18E-d 12E-5 |l '
'

TOTAL 1.84E-4 2.0E-5 5.18E-4 1.46E-4
L !

The total values of 1.84E-4 non-fatal cancers,2.05E-5 fatal cancers,5.18E-4 nodules,
i

'

i and 1.46E-4 hypothyroid conditions are given in Table 6-3 for the 1-5 mile population
| cell.
?

! 3. Annual equivalent cost estimates = (No. of thyroid effects) x (equivalent
; monetary cost)

j e Non-fatal thymid mnrer: (1.84E-4 cancers) x ($558,600/ macer) = $103

i e Fatal thyroid marer: (2.05E 5 cancen) x ($1,161,000/ cancer) = $ 24 1;

e Thyroid Nodule: (5.18E-4 nodules) x ($542,900/ nodule) = $281

e Hypothyroidism: (1.46E-4 hypothyroids) x ($543,800/ hypothyroid) = $ 79
TOTAL = $487

i

! M
i

;
4

i

4
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;

I

} Using the identical approach, yearly economic benefits of avoided thyroid effects
j were detennined for fetuses exposed in-utero. These values are defined in Table 6-4. Fetal

| values, when added to those of the general population, yield the total economic benefit for
j each population cell.
t

| Dividing the annual programmatic cost of stvirailia: KI by the average annual
t

economic bene 6:s from avoided thyroid effects (i.e., population and fetal) represents the
| cost-benefit ratio of KI prophylaxis. These two parameters and their quotient are presented

in Table 6-5. For example, the annual programmatic cost of stWillag KI for about 11,000i

| people living within Sve miles of the reference LWR is estimated at $0.10 per person or
j $1100. The economic beneSts of avoided thyroid effects for this population cell was
| estimated at $495 per year, which gives a cost-bene 6t ratio of 2.22.
.

k The cost beneSt ratio in effect is a measure of the cost-effectiveness of the
i prophylactic measure. For the 1-5 mile population cell, it can be estimated that $2.72 would
j' be spent in order to avoid the economic equivalent cost of $1.00.
4

i The cost-beneSt ratios for population cells increase nearly exponentially with
! distance. This is to be expected inasmuch as the programmatic cost of 10 cents per person

4 per year is a constant while the integrated air concentration, which defines individual thyroid
i dose, can be expected to drop off exponentially with distance. Hus, the cost-beneSt ratio
; for the 50100 mile population cell is reduced to 1033. Within this distance interval
! $1033.00 would be spent for stvirniling to avoid the economic equivalent of $1.00.

] Table 6-5 also provides cumulative cost-benefit ratios, which define the cumulative -
i areas of the circle. If, for example, on the basis of thyroid intervention levels, cost-beneSt
j . consideration, logistial factors, etc., a decision were made to provide stockpiles for
! populations out to a distance of 100 miles, the cumulative mst-benefit ratio of 212 can be
! estimated. He limitations and the significance of these cost-benefit ratios with regard to
! a policy decision are discussed in the next chapter of this report.

|
i

)-

!
:
;

i
! !

!
l |

1-
i
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; Table 6-4
|

Yearly Reduction in Fetal Thyroid Effects and
Their Equivalent Monetary Values

Non-Fatal Thyroid Fatal Thyroid Thyroid '

Distance Cancers Cancers Modules Hypothyroidism Total
Interval Value
(miles) No. of Value No. of Value No. of Value No. of Value ($}Cases ($) Cases ($) Cases ($). Cases ($)

,

1-5 4.12E-6 2.40 0.00E+0 0 9.74E-6 5.50 2.90E-7 0.20 8.10 i

5 - 10 6.08E-6 3.50 0.00E+0 0 1.66E-5 9.50 2.90E-7 0.20 '13.20 j

g 10 - 25 6.87E-6 4.00 7.63E-7 0.40 1.38E-5 8.00 2.90E-7 0.20 12.60

25 - 50 6.35E-6 3.70 7.05E-7 0.40 1.87E-5 10.70 0.00E+0 0 14.80
,

50 - 100 2.22E-6 1.30 0.00E+0 0 1.17E-5 6.70 0.00E+0 0 8.00' !

100 - 150 2.82E-6 1.60 0.00E+0- 0 9.23E-6 5.30 0.00E+0 0 6.90

150 - 200 1.96E-6 1.10 0.00E+0 0 7.34E-6 4.20 0.00E+0 0 5.30 i

,

200 - 350 2.48E-6 1.40 0.00E+0 0 1.01E-5 5.80 0.00E+0 0 7.20 ;

350 - 500 6.01E-6 3.50 7.34E-7 0.40 1.69E-5 9.60 0.00E+0 0 13.50 [

i
b

:
|

i
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Table 6-5 !

!

The' Cost-Benefit. Ratio of KI Propnylaxis

KI Benefits: Reduced
KI Cost: Stockpiling Thyroid Effects Cost / Benefit Ratio '

Distance Per Distance Per Distance I

Interval Interval Cumulative Interval Cumulative Per Distance
(miles) ($/yr) ($/yr) ($/yr) ($/yr) Internal Cumulative

< 5 1100 1100 495 495 2.22 2.22

5- 10 5500 6600 723 1218 7.61 5.42

{ 10 - 25 46,800 53,400 938 2156 49.9 24.8

25 - 50 182,000 235,400 720 2876 253 81.8
,

50 - 100 471,000 706,400 456 3332 1033 212

100 - 150 786,000 1,492,400 337 3669 2332 407

150 - 200 1,100,000 2,592,400 262 3931 4199 659 I

f
200 - 350 5,184,000 7,776,400 480 4411 10,800 1763

350 - 500 8,012,000 15,788,400 777 5188 10,311 3043

-- . _ _ _ _ _- - _ . _ _ _ _ _ _ _ _ - _ _ - _ _ - _ _ _ _ - _ ._ _ - _ _ _ _ _ _ - - - - _ _ - _ _ - . . - - - _ _ _ _ _ - _ _ - _ . _ - _ _ _ - . - _ - _ .__.
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f CHAPTER 7
'

! THE APPLICABfUTY OF KI COST-BENEFIT RATIOS TO A POLICY DECISION i

! i
i !
! In Chapter 6, cost-beneSt ratios were derived which mnveniently expressed the ratio !
j of programmatic costs and the avoidance of thyroid effects in the common unit of dollars.

|
It would appear that an assessment of these cost beneSt ratios could directly lead to a - ):

i defensible policy decision.- In other words, a ratio value of one or less in which the- j
programmatic cost of stadmiling KI was equal to or less than the equivalent cost of thyroid;

)

| effects avoided, should logically provide the basis for a policy decision to use KI. !
i Conversely, cost-beneSt ratios of values that are signi6cantly greater than one could justify |

| a policy decision to reject the use of KI. !
?
?

| The unencumbered and direct application of the derived cost-beneSt ratios for KI |
:. In a policy decision an in fact be justi6ed only under the following two conditions
}
| Candidan #1: The derived ct..-beneSt ratio values are absolute. Absolute values |
{ imply that all parameter values used to derive the cost-bene 6t ratio are 100% |
4 representative of the universe and, therefore, have an uncertainty value of zero. )

)

Candidan #2: The prophylactic use of KI is applied independently of existing !
protective measures.

For reasons explained in the following sections, these two conditions do not exist.
A valid policy decision must weigh the potential impact of model uncertainties and the
prophylactic use of KI in the context of other protective measures.

7.1 Canditian #1 Uncensinnae and Their Imnact on Cast-Benefit Ratine

Primary assumptions and model parameters, which must be-defined for reactor
accident consequence analysis in this report, are numerous and potentially have a wide
range of uncertainties. While the uncertainty value for some assumptions / parameters may
have little impact on the Snal cost-beneSt ratios, other parameter uncertainties could
potentially shift the cost-benefit ratio by as much as one to two orders of magnitude.

A highly quantitative treatment of uncertainties and their collective impact on the
derived cost bene 6t ratios is beyond the scope of this report. This chapter will identify the
most important model parameters and assumptions used and will assess their relative effects
on the derived cost-benefit ratios.
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3

7.1.1 Reactor Accident Frequencies +
,

By far, the single most significant parameter for accident consequence analysis is the
'

,

i.
probability of reactor accident occurrence. The probability values of the reactor accident
frequencies used in this report were derived in NUREG-1150 (1987). Appendix A of |

NUREG-1150 discusses in detail the risk analysis steps and the interrelationships among
steps. Using Monte Carlo techniques, frequency distributions ofindividual parameters were

,

. combined to yield frequency distributions of accident sequences, plant damage conditions,
,

and total core damage. Although bounding values of the frequency distribution were
" described," they were not quantified in NUREG-1150 (see Exhibit 8-1; this figure is
reproduced as it appean in NUREG-1150, Appendix A, page A-21).

In 1978, NRC chartered a risk assessment review group to evaluate the 1975 Reactor
Safety Study (NUREG-75/014, also known as WASH 1400), which denned similar accident
frequencies. This review committee concluded in NUREG/CR-0400:

" . . 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 estimates are, in general, greatly understated."

In a separate assessment, the authors of NUREG-1433 evaluated the probability of
differnt types of reactor accidents. They provided the following hainding estimates of core
melt accidents:

"

. . . the probability of core melt is less than 1.5 x 10 with 50 percent3

confidence, and less than 6.7 x 10 with 95 percent confidence . . . These5

upper bound probabilities are approximately factors of 25 and 100 times the
RSS values above (4.6 x 10 + 1.4 x 10 = 6.0 x lo ),-5 5 s

Applying a similar range of uncertainty to accident frequencies derived in NUREG-
1150 would profoundly affect the cost-benefit ratio values defined in Chapter 6. Assuming
that reactor accident frequencies are potentially 100 times higher than assumed in this
report, the cost benefit ratios defined in Chapter 6, Table 6-5, could be reduced by two
orders of magnitude. A reduction of the cost benefit ratios by 100 would yield a cost-benefit
ratio of about 1.0 out to a radial distance of nearly 50 miles (i.e., the cumulative cost-benefit
ratio out to 50 miles is 81.8 and, when divided by 100, yields a 95% bm>= ding ratio value
of 0.818).

'

In summary, the values of reactor accident frequencies used in this report must be
regarded as the single most significant uncertainty affecting the cost-benefit ratio cited in
Table 6 5.

4
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7.1.2 Core Inventory and Release Fraction

| Time-weighted variations in core inventory of radioiodines during power operations
| are relatively minor and, therefore, may be ignored. The physico-chemial nature of
: iodide / iodine is relatively well understood. Under severe accident mnditions of core melt,
| techniques used to retain iodine in the primary coolant (which were used during the TMI
5 accident) may not be possible. It can, therefore, be assumed that the release fraction

applied to radioiodines in this report is appropriate and exhibits a low ermr band.

7.1.3 Atmospheric Dispersion and Meteorological Factors
i

j 'Ihe MACCS computer code, like all other codes used for risk or consequence
| analysis, has associated uncertainties with regard to modeling plume dispersion in the
! environment. Limitations of the code that result in these uncenainties involve the absence
; of site-specific data such as topography, etc. Other limitations involve assumptions such as
i the wind blows in a continuous straight line for extended periods of time, or assumptions

about the meteorological conditions applied to the long-range transit of a released plume.
For example, a single weather file is assumed to apply at all times and at all places of the !
plume pathway. Thus, if a site weather file assumes rain at the site, the code assumes that I

it ruins everywhere at that time. Although such assumptions are commonly made to solve
complimted differential equations for atmospheric dispersion models, they introduce
uncertainties in the dispersion of radioactivity. Uncertainties in dispersion modeling have
two major effects:

i

(1) For nonuladan risk annivses. the impact of uncertainties regarding the atmospheric
dispersion of radioactivity is relatively minor. Meteorological parameters have a
profound effect on individual doses but only a limited impact on cumulative
population doses. For example, a very stable condition producing a very narrow

- plume results in high air concentrations and high individual doses. In contrast, a very
unstable condition disperses radioactivity resulting in a larger number of exposed
individuals with lower individual doses. For extreme conditions of high and low
stability, the cumulative population exposures and expected thyroid health effects
may, neverthchss, be nearly identical It is important to note that the cumulative
population thyroid dose, which is relatively unaffected by dispersion, determines the i
denominator of the cost-benefit ratio.

(2) In contrast, uncertainties regarding atmospheric dispersion may have a profound
effect on the numerator of the cost-benefit ratio. Table 6 5 clearly demonstrates that
the cost-effectiveness of KI prophylaxis deteriorates exponentially as a function of

i

distance from the source term. Thus, a meteorologial model, which maintains a
'

straight-line plume over extended periods of time (Le., the plume does not meander),
projects unrealistically high center-line doses to populations at great distances.

7-4
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Th: programmatic cost of stockpiling is principally determined by the size of the
stockpile, which in turn, is detennined by the radial distance at which the plume :
center-line thyroid exposure dose exceeds a pre-determined intervention level. From
this relationship, it becomes readily apparent that a conservative computer dispenion
model advenely affects the derived cost-benefit ratio and falsely implies a reduced
cost-effectiveness.

The MACCS code undoubtedly uses conservative assumptions which project
1

unrealistially high plume center-line exposures.

7.1.4 Age- and Sex-Specine Parameten and DCF Values
,

Individuals vary considerably in their physiology, which affects the internal exposurei

i
dose from the inhalation / ingestion of radionuclides. This report considen age- and sex-
specific parameters, which have been well studied and reported in the literature, in
converting time-integrated air concentrations ofradioiodide to thyroid doses. Nevertheless, ;

the dose conversion values (DCFs) represent average values that vary symmetrically about i

their means. When applied to a large random population, however, dose variations among
.

! individuals for a given group deSned by age and sex are likely to cancel out. It can,'

therefore, be assumed that uncertainties regarding individual variations in thyroid doses do
: not contribute signl5cantly to an estimate of cumulative populadon thyroid doses and
j thyroid health effects.

; ' 7.1.5 Thyroid Risk Coemcients
:
!

The risk coemeients used in this report represent consensus values deAned by the
| BEIR V Committee an.d the NCRP. These scientific groups did not provide estimates of

uncertainty regarding their risk coemcients. Thyroid risk coemeients like all other risk
coemeients are extrapolated from epidemiological data, which contain uncertainties and
confounding variables. Based on historical trends in which risk coemcients for other,

radiation health effects have generally increased, it should ng be assumed that the thyroidi

risk coemcients used in this report are mnservatively high and overestimate the
consequences of thyroid exposure to radioiodine.

7.1.6 Uncertainties of CMher Assumptions Used in Deriving Cost-Benefit Rstics

The following is a partial list of major assumptions that affect the cost benefit ratio;

either casitivelv or negatively. A positive effect on the cost-benefit ratio by an assumption !
;

is defined as one that reduces the cost-benefit ratio. A reduction in cost benefit ratio
improves the cost-effectiveness and supports the use of KI prophylaxis. A nenative effect |

i

on the cost-benefit ratio by an assumption is defined as one that increases the cost-benefit,

ratio. An increase in cost-benefit ratio reduces the cost-effectiveness and opposes the use
of KI prophylaxis.

|
t
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e Efficiencv Factor. This report assumes that KI is administered to all individuals
under optimal conditions. Thyroid exposures from internal radioiodides are assumed
to be reduced with a 99% emciency. This is a highly unrealistic assumption. The
use of more realistic emeiency values'(i.e., less than 99%) would have a negative
effect on the cost-bene 6t ratio that is inversely proportional to the reduction in
emeiency. Thus, if an emeiency of about 50% had been used, the cost-benefit ratios
would effectively increase by a factor of two, which also reduces the cost-effectiveness
of KI prophylaxis by a factor of two.

Shelf-Life of KI. A conservative shelflife of Eve years has been assumed, which in*

effect dictates the cost of stacimill=3 An increase in shelf-life proportionately
reduces the numerator of the cost-benefit quotient and has a positive effect. Thus,
if the shelf-life could be increased to ten years, the cost-benefit ratio decreases by a
factor of two and improves the cost-effectiveness by a factor of two.

KI Stockpile Redundancy. No redundancy in stockpile quantities was assumed. Thise

assumption is unrealistic. For efBcient distribution, a stockpile is needed containing
at least twice the quantity of KI that would be distributed in the event of an accident.
A more realistic redundancy of 100% has a negative effect by increasing the cost-
beneSt ratio by a factor of two.

Sheltering. Population exposure is assumed to occur under conditions of normale

activity. Ifin fact KI were administered under conditions of sheltering, thyroid dose
reduction by KI would be lower (see Table 4 7). Under more realistic conditions of
sheltering, the cost-benefit ratio is negatively affected.

'

e Pooulation Distributian Ihe assumed population distribution for the Reference
'

LWR has large standard deviations for each population cell. For actual nuclear
facilities, the cost-effectiveness varies in proportion to differences in population
distribution relative to the Reference LWR. For facilities having disproportionately
larger percentages of their population closer to the source term, cumulative cost-
benefit ratios are lower.

e Adverse Rannian to KI. Potential adverse reactions and an adverse reaction
incidence rate were identified in this report (Chapter 2 and Appendix C). Due to
their infrequency and their uncertain monetary value, adverse reacticas to KI were
not factored into the cost-beneSt ratio. The inclusion of adverse resctions to KI in
the cost benefit ratio would have a minor but negative effect on the cost benefit
ratio.

,

1

e Partial Pre-Distribution. The derivation of cost-benefit ratios was confined to the
stockpiling option only. The inclusion of KI pre-distribution to the proximal |
population would increase the programmatic cost of KI prophylaxis and have a '

negative effect.
,

!
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Multiole Plants ner Site and Overlanning Pooulations. The cost-effectiveness of KI |*

j prophylaxis increases for facilities with more than one reactor per site or for facilities j
that are close to other facilities and share portions of the target populations. The !

8 assumption of a single reactor per site with no overlapping target population used to i
; derive the cost benefit ratio in this report has a negative effect. For nuclear facilities !
j with as many as three reactors per site and emergency zones overlapping with other

neighboring facilities, the cost-benefit ratios are improved by at least a factor of
three.

.

j

| 7.2 Condition #2 The Relatinnchin of KI Pro _nhvlaris to Other Protective Measures
;

_

; In the event of a major accident involving a commercial nuclear power plant, a large-
scale release of radiolodines would most likely occur along with a massive release of noble1

gases and varying quanities of other radionuclides. Thyroid and whole body exposures are,
therefore, inextricably Ibked. Curter,t protective action guidelines relating to population4

; plume exposures are, therefore, defined by exposure limits to the whole body and the
'

thyroid to doses of 1 to 5 rem and 5 to 25 rem, respectively.

'
Figure 7-1 depicts thyroid and whole body doses for the four accident categories

; considered in this report. Quantitative values of thyroid and whole body exposures for
*

RSUR-1 are provided in Table 7-1. The relative magnitude of thyroid to whole body
exposures is defined as a ratio in the right hand column of the table.

|

; To safeguard against primary plume exposure, current protective measures are
limited to sheltering or evacuation. Sheltering and evacuation are clearly not
interchangeable, but represent a first and second priority for public protection. Sheltering

| would most likely be recommended when expected doses span the lower limits of whole
{ body and thyroid exposures. Projected doses in incremental excess oflower limits could be ;
; expected to change the recommendation from sheltering to evacuation. The relevance of
! KI prophylaxis to these two protective measures is simple: since KI cannot reduce external

exposure and internal exposure from non-indioiodines, its usefulness is restricted to thei

: concurrent recxxnmendation for sheltering. In combination, these two independent measures .
; are complementary in reducing whole body exposure and thyroid exposure and are

compatible in time and space.
,

!

|

.

I

.

I
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Table 7-1

The Relationship of Thyroid to Whole Body Exposure for RSUR-1

Thyroid dose (rem) Whole Body Dose Ratio
Dose (Thyroid /

Distance Total (rem) Whole Body)
(mlies) Radioiodines (All Pathways)

1-5 1.9E +04 2.0E +04 8.7E +02 23.0

5 - 10 6.9E + 03 7.3E + 03 3.2E +02 22.8

10 - 25 1.7E +03 1.9E +03 7.9E +01 24.0

25 - 50 2.7E +02 3.0E +02 1.4E + 01 21.4

50 100 6.2E41 7.0E +01 3.6E +00 19.4

100 - 150 2.se +J1 3.2E +01 1.5E +00 21.3

150 - 200 1.7E +01 1.9E +01 9.6E41 19.8

200 - 350 7.8E + 00 8.5E +00 4.3E-01 19.8

In contrast, the prophylactic use of KI and the evacuation of residents must be
regarded as mutually exclusive protective measures. The principal purpose of evacuation
is to avoid primary plume exposure; KI prophylaxis is intended to mitigate its impact. More !
important is the potential conSict in time and space. Under conditions of evacuation, it

:
would be counter-productive to request that residents either delay evacuation until KI is !

distributed door-tcH1oor, or re-route and delay evacuation by first obtaining KI from a local
distribution center.

The relationship of KI prophylaxis to existing protective measures and the need to
assess the cost-beneSt in context with these existing protective measures may best be ;
illustrated by the following hypothetical example:

A major population center of 150,000 people resides in a down-wind sector
.

from the source term. Doses to this population center are projected to reach !

levels as high as 2.5 rem to the whole body and 50 rem to the thyroid.
;

Sheltering is estimated to reduce these maximal doses to about I rem and 20
rem, respectively. Based on the residual high thyroid dose, a recommendation

!

is made for this group of residents to evacuate the area immediately.

7-9
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In this scenario, it can be assumed that the prompt distribution of KI from local
stockpiles could readily reduce thyroid exposures to less than the lower limit of 5 rem and

i in the process shift the recommended protective measure from evacuation to shehering.

The value of KI prophylaxis has two discrete components: the first involves the
; reduction of thyroid health effects, as defined in the preceding chapter in terms of cost-
'

beneSt ratios; the second is the economic benefit of the potential shift from evacuation to
sheltering for select target populations.

;

A thorough and quantitative treatment of this second economic beneSt is complex:

| and influenced by a host of modifiers. Critical modifiers that may inDuence a decision to
shelter or evacuate include logistical problems affected by (1) the time interval beforr 2rne

! arrival, (2) the time of day, (3) the season of the year, (4) weather and road conditions, (5)
plume direction (s) relative to evacuation routes, (6) the size of the exposed population, (7)
the ability to provide temporary shelter, etc.

:

: The literature contains limited information addressing logistical issues and '

i comprehensive cost estimates ===aciated with evacuation. A baseline cost estimate can be
; extracted from studies involving the Three Mile Island Accident. At the time of the TMI
4 accident, it was estimated that there were about 14,300 households within the 0 5 mile

radius,40,000 between 5-10 miles, and 72,000 in the 1015 mile ring (Houts 1980). Although
;

voluntary evacuation began almost immediately following the announcement of the |

:' emergency status at TMI, the number of evacuees initially was minhaat Only 5 to 6% of
the population within the 0-5 mile radius evacuated within the first two days. On the third:

'

day, however, nearly 50% of the 0-5 mile population had evacuated (Houts 1980). The
'

increase was largely precipitated by the Governor of Pennsylvania's advisory on Friday, |

, March 30,1979, for voluntary evacuation of pregnant women and young children residing i
| within 5 miles of the TMI facility. Over the two week period, the percent of households that !
; evacuated corresponded to 63%, 49%, and 32%, for the 0 5, 5-10, and 1015 mile ;

, populations, respectively. In total about 50,000 households, representing about 150,000
! people, evacuated. Evacuation cost estimates were divided into two categories: (1) direct

,

'

cost outlays and (2) loss of earned income. Direct cost outlays included the cost of travel,
lodging, meals, and other incidental costs directly related to evacuation. Loss of earned
income included either less of wages or loss of business income for store owners. The
median distance traveled by evacuees was 100 miles and the average household left the area

j for about 4 to 5 days during the two-week period (Flynn 1979).
2

The NRC estimated that the cost of evacuation was $100 per household for direct
cost outlays and $100 per evacuee whose income was affected. The total cost was estimated
at around $20 million (Flynn 1979). The reason that the costs were relatively low was that
fully two thirds of the evacuated households stayed with relatives,15% stayed with friends,.

and only 8% elected to stay at a hotel / motel The apparently low estimate forlost earnings
; was not explained.

i
I
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A major factor not included in the baseline estimates of evacuation costs was the
economic impact of psychological stress. Psychological stress was one of the most widely
studied aspects of the Three Mile Island crisis (Houts 1980(a), Houts 1980(b), Hu 1980,
Houts 1981(a). Houts 1981(b), Houts 1984). Between 20 and 30% of the TMI population
reportedly suffered from heightened levels of distress. Psychological distress was most acute
during the period of evacuation and, for a considerable number ofindividuals, persisted for
up to a year. Stress symptoms consisted of somatic,and behavioral changes. Common
symptoms included headache, digestive and eating disorders, abdominal pain, sweating
spells, memory loss, impaired sleep, irritability, inability to work, etc. (Hu 1980, Houts 1984).
Associated with these symptoms, investigators reported an increased mnsumption of
cigarettes, alcohol, sleeping pills, and tranquilizers. Personal factors influencing
psychological stress included proximity to TMI; age, sex, and education of the household
decision-maker, and the presence of children.

| Psychological distress produces somatic and behavioral symptoms not too different
; from those of organic diseases. The economic value of psychological distress can be defined
! by the following three components:

direct cost medical costs incurred from the treatment of somatic and psychologicale

symptoms

| e indirect msts - loss of economic opportunity imposed by psychological distress

psychological costs - a reduction in the quality of life precipitated by somatic ore
behavioral problems.

(This report's approach to assigning monetary values to these cost components is described
in detailin Appendix D of this report.)

. No attempt was made to give monetary values to psychological distress and
inmrporate these values into the TMI economic impact analysis. Several studies, however,
did assess the utilization of medical care following the Three Mile Island crisis (Hu 1980;
Houts 1984). These studies assessed the utilization of medical care by means ofi (1) Blue
Cross-Blue Shield records of claims by primary care physicians in the vicinity of TMI; (2)
utilization rates in family practims located near the facility; (3) interviews with persons living
within 5 miles of TMI and (4) responses to a questionnaire by primary care physicians
practicing within 25 miles of TMI. Although all four study methods showed increased trends
in utilization rates during the year followmg the crisis, a reliable estimate of direct medical
costs attributable to psychological stress could not be extracted from the data.

,
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CHAIM 8
,

CONCLUSION t

|

The principal purpose of this report was to provide a comprehensive analysis of the
costs and benefits menar4=ted with the prophylactic use of KI by the general public in the e

event of a nuclear accident. The most currently available data were used to de6ne the
programmatic costs for star +amag KI and the equivalent monetary values of thyroid health
effects that are potentially avoidable when KI is administered. Dividing the stockpiling costs
of KI by the monetary values of thyroid health effects yielded cost-beneSt ratios which

| provide a limited basis for a policy decision.
:

| Although these cost-beneSt ratios as credible and objective as current data allow, '

caution must be exercised in using these values in a policy decision. Existing uncertainties .

in reactor accident frequencies and dispersion modeling could easily reduce the cost-beneSt
'

ratios derived in Chapter 6 by two orders of magnitude or more.

Additionally, the derived cost-beneSt ratios do not represent a total assessment of |
the cost-effectiveness of KI prophylaxis protective measures. The cost-effectiveness of KI
prophylaxis must be assessed in the context of other protective measures.

!
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APPENDIX A

SUMMARY FINDINGS OF THE CRCPD E-6 COMMITTEE'S SURVEY

i

Stimulated by new information relating to the Chernobyl experience and by the
urging of the American Thyroid Association (ATA), the Federal Radiological Preparedness
Coordinating Committee (FRPCC) requested that the Conference of Radiation Control
Program Directors (CRCPD) E 6 Committee conduct a survey to assess the emergency plans )
of individual States with regard to KI. States with commercial nuclear power plants or |
whose border (s) is within a ten-mile range of a nuclear facility were sent a survey l

questionnaire. A facsimile of the questionnaire is provided in Addendum A-1. Specific
information sought pertained to target populat ons and available quantities of KI for thei

ten-mile emergency protection zones (EPZ) for nuclear facilities.

A total of 32 States provided information regarding the use of KI for the ten-mile
emergency planning plume exposure pathway zone (s). Data provided by States are
summarized in Table A-1. Because the data were not consistent in format, some
interpretation of the data was required for compilation. The following statements
summarize the survey data:

All States provide KI to off-site emergency workers.e

Of the 32 States,21 have provisions to distribute KI to institutionalized persons*

within the ten-mile EPZ. i

Only three States have provisions to distribute KI to the general public residing in
.

e

the ten-mile EPZ. '

Depending on anticipated size of the target population (s), which ranges from as few*

as 200 up to 50,000 persons, the size of KI stockpiles ranges from a few thousand ;

tablets up to 700,000 tablets. |
|

Reflected in the size of target populations and stockpiles is the total number of EPZs |
e

in a State. i

The cumulative stockpile for all 32 States is estimated to be between 2.5 and 3e

million tablets. i

Based on the information presented in this report, which indicates that a target I
population out to 100 miles or greater may be exposed to thyroid doses in excess of
intervention level (s), the combined stockpiles of all States represent less than 4% of what
might be required to protect the general public from thyroid exposure in the event of a
nuclear emergency.

I
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Table A-1

| Current KI Stockpiles Maintained by States

|
| Estimated No.
| Answer to Question #1' Total No. of of Persons Duration for

State A B C D Tablets Targeted for K1 Prophylaxis
Stockpiled Distribution (Days)

AL X X 35,000 9000 4

| AR X X 28,000 4000 7
-

AZ X X 5600 2000 2
'

CA X X NP NP 3

CT X 14,000 1000 14

DE X X NP NP NP
FL X 53,200 7600 7

GA X 8400 600 14

IL X X 1967000 14,000 14

IA X X 48,188 3400 14

KS X X 5000 800 7

LA X NP NP 10

ME X X NP NP 14

MD X X 10,000 2100 NP
MA X X 16,100 1150 14

MI X X 9800 700 14

MS X X 14,000 1000 14

MO X X 30,800 2200 10

NE X 1400 200 7

NH X X 99,120 9912 10

NY X X 11,200 1120 7-10
NC X X 210,000 15,000 14

OH X X 165,000 11,757 10 14

OR X X NP 400 14

PA X X 700,000 50,000 14

SC X X 84,000 7000 14

TN X X 425,000 26,800 14

TX X X 2400 200 10 14

VA X X 39,200 2800 14

WA X 51,800 3700 14

WV X 6000 600 10

WI X 9000 900 10

* See Question #1 in attached Addendum
b NI = Not Identified.

,

|
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: ADDENDUM A-1

.

CRCPD E-6 Committee Questionnaire on Stockpile and Distribution of KI
.

In view of Europeau experience following the Chernobyl incident in which several million
doses of KI were distributed, and in response to renewed interest within the medical

'
community, the Federal Emergency Management Agency (FEMA) is re-evaluating the need

i- for federal stockpile of Potassium Iodide (KI) for distribution in the event of an inadvertent
i release of radioiodine from a nuclear power generating facility.
,

! FEMA has requested that the CRCPD E-6 Committee on Emergency Response Planning
j survey state programs on this issue.

i Regardless of whether you do or do not at this time plan to distribute KI to emergency
workers, institutionalized persons and/or the general public, please respond to the following
questions, adding any brief narrative which you feel is necessary to clarify your response.
Unless your plans.spedfy otherwise, for the purposes of this survey, the affected general
public is assumed to be the resident and transient population within the Plume Exposure
Pathway (approximately 10 miles) emergency planning zone surrounding each commercial
nuc! ear power generating facility. If parts of the 10 mile EPZ for a plant lie within two or
more different states, answer only for that portion which is within your state.

In your answers, do not include utility employees or other persons for whom the utility
would be responsible for providing KI.

1. What groups has your state targeted for possible distribution of KI?

Off-site Emergency Workers
Institutionalized Persons
General Public
No plans at this time to distribute KI.

2. Do you (or the responsible agency) maintain a stockpile of KI for these groups?
.

3. How many tablets (or liquid daily doses) would you issue to each person? I

i

4. How many courses (7 to 10 day supply for 1 individual) do you have on hand? (If
you maintain separate supplies for multiple EPZs, please report the respective
quantity for each EPZ.) |

A-3
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'

CRCPD E-6 Committee KI Questionnaire,

Page 2 of 2 Pages
.

: 5. Including inventories already on hand, how many courses (7 to 10 day supply of KI
! for 1 individual) would you need to complete distribution in accordance with your

| plan? If your state includes part or all of the 10- mile EPZ for more than one plant,
please answer this question for each EPZ.

.:

j- 6. If you anticipate a need for additional supplies, possibly from a federal stockpile, to j
what agency at what location should those supplemental supplies be delivered? (If i-

| your state is responsible for respondia: to more than one power plant, please specify
a location and responsible agency for each fixed nuclear facility to which you might i

respond.)

'

i

.

Y

|

,

7. Please provide the name and telephone number of a cognizant individual within your
state from whom clarification and/or additional information could be obtained. i

8. Additional details /information/ comment (Identify item number referred to):

!

. .
'

i

Please provide your answers to:

CRCPD E-6 Committee KI Survey
c/o Mr. Terry Devine
Conference of Radiation Control Program Directors, Inc.
205 Capitol Avenue
Frankfort, KY 40601

A-4
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[ APPENDIX B
4

: RECOMMENDATIONS BY THE WORLD HEALTH ORG ANIZATION
| ON THE USE OF KI
i
i

The World Health Organization (WHO) and the Commission of the Eumpean:

j Communities (CEC) organized a joint workshop in July of 1988 to assess current knowledge
; and to make recommendations for National contingency plans involving nuclear

-

emergencies.

The workshop committee submitted recommendations, which were subsequently
, adopted as WHO guidelines, for iodine prophylaxis in behalf of the following population
i groups:

i e pregnant women
lactating motherse

! e infants
; e children and adolescents

e adults;

t

| Preanant Women

Radioiodine uptake by the maternal thyroid may be elevated durmg pregnancy due
to enhanced stimulation of the maternal thyroid by human chorionic gonadotrophin which
reaches maximal levels in the fhst trimester. For this reason, protection of the maternal
thyroid gland from radialadine exposure is desirable. However, the potential fetal adverse
health effects from radiaiadine as well as KI must be carefully considered. These fetal
effects vary over the period of pregnancy.

First Tdmester. Although the placenta has been shown to freely transfer iodide (or
i

radioio(ade), the fetal thyroid is undeveloped and lacks the ability to concentrate iodine. !
The extent to which maternal thymid hormone transfers across the placenta and serves as 1

a surrogate source of thyroid hormone to the fetus is the subject of considerable debate.
The significance of this uncertainty is that if there is fetal dependency on maternal thyroid
hormones, care should be taken that maternal thyroid levels do not fall. The administration
of KI to the mother for several days muld result in temporary reduction of serum levels of
the thyroid hormones T, and T .3

WHO Recommendations. Administratica of stable iodine durmg the first trimester
of pregnancy should be restricted to the minimum daily dosage and duration that still

;

provides adequate maternal thyroid protection. !

B-1
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Second Trimester. Dunng this time, the fetal thyroid is rapidly increasing in mass:

and has the ability to actively concentrate iodine. Due to its limited mass, the fetal thyroid
,

| dose is higher than that ofits mother. Although fetal thyroid secretion of T may begin at
j mid gestation, fetal dependency on maternal T, for normal organogenesis inclusive of the

brain may exist.
;

! WHO Recommendations. If the predicted dose to the thyroid is likely to exceed the
j. agreed intervention level, stable iodine should be given to pregnant women in the

second trimester to protect both the fetal thyroid and the maternal thyroid. The
duration of stable iodine prophylaxis in pregnant women should be limited to the
minimum time hame that still provides adequate protection. Other countermeasures
such as evacuation, and control of ingestion of contaminated foods / water are
particularly important for this group.

Third Trimester. During this time of gestation, the fetal thyroid continues to
concentrate iodine and secrete increasing amounts of thyroid hormone. Up to this time the
feedback control mechanism involving the pituitary thyroid stimulating hormone has not
been fully developed, and the fetus has an enhanced vulnerability to thyroid overigd by
stable iodine (Wo1N-ChaikoK effect). This transient iodine overload can result in pnmary
hypothyroidism in-utero which may adversely affect organ and brain development.

WHO Recommendations. If the predicted dose to the thyroid is likely to exceed the
agreed intervention level for KI, prophylaxis should be given to women in the third
trimester to protect the fetal thyroid gland and to protect the maternal thyroid gland.
He duration of stable iodine prophylaxis should be limited to the minimum that still I

provides adequate protection. He fetus will need to produce T, and T at birth and3

is likely to be susceptible to the Wolff-C1.alkon eNect. Therefore, fetal TSH and T.
levels should be assessed at birth for neonates whose mothers were administered
iodine prophylaxis in the third trimesters. Replacement therapy must be
administered as needed.

Neonates (birth to 1 month). At birth there is a dramatic rise in TSH levels which
is followed by a rise in T, and T levels. During this time, the fraction oflodine taken from3

blood and concentrated by the thyroid (Le., y fraction) reaches values'in excess of 90%.
A neonatal exposure to radiniadine during this time leads to unusually high thyroid doses.
However, the neonate is still vulnerable to the Wolff-CMkos effec. from iodine overload.
The long-term effects of transient thyroid depression are not established, and therefore
monitoring of thyroid hormone levels in the neonate is advised.

WHO Recommendations Stable iodine should be given to protect the neonatal
thyroid. Thyroid hormone levels should be assessed following iodine prophylaxis.
The dosage and duration of prophylaxis should be kept to the minimum level that
still offers adequate protection, with other countermeasures such as evacuation and
sheltering given high priority.

B-2
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12ctatino Mothers

; Iodine is concentrated in breast milk and for a nursing infant may become a source '
'

of both stable iodine and radioiodine. If the mother is given stable iodine as well as the
baby, the baby will receive stable iodine from two sources which may increase the risk of
iodine overload.

; WHO Recommendations Iactating mothers should be given stable iodine to protect
; the maternal thyroid but at minimal dosage and duration.

<

infants. Children. Adnleer*nts

| Due to higher thyroid doses, increased thyroid sensitivity, and longer periods at risk
than adults, the youngest members of the population are at highest risk and, therefore, are

'

most likely to benefit from iodine prophylaxis. Adverse reactions to stable KI involving
intrathyroidal and extrathyroidal effects are less likely than for adult populations.

WHO Recommendations. Stable iodine should be pven to. infants, children, and
adolescents to protect the thyroid. Because of the k w probability of adverse effects
to stable iodine, a less restrictive policy may be adopted to include individuals in the :

_

far-Seld where thyroid doses may not necessarily exmed intervention levels. Stable
iodine should be withheld from those individuals with known allergies to iodine or
who have previously been treated to thyroid disorders.

Yanne Adnits (IE-45 vears)

Neither the radiation risks nor the adverse risks to stable iodine are extraordinary
for this group.

WHO Recommendations. Iodine prophylaxis is recommended for those individuals
who may exceed intervention levels of thyroid exposure. Individuals with known
thyroid disorders or allergies toward iodine should avoid the use of stable iodine.

Older Adults

With increasing age and diminishing years of life expectancy, the risk of thyroid
cancer expression decreases. The incidence of thyroid diseases increases significantly with
age, especially among women. Stable iodine can exacerbate or precipitate thyrotoxicosis
among individuals treated for or with asymptomatic Graves' Disease or with autonomously
functioning thyroid nodules. Among this susceptible group, iodine prophylaxis can be life-
threatening, especially if recognition is delayed.
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! WHO Recommendations Because the potential side effects of stable iodine are
! likely to be greatest in this age group, iodine prophylaxis is recomnended only when

intervention levels have a high probability of being exceeded. Emphasis must be-

! placed on contraindications with instructions strongly discouraging KI use among
: individuals with known iodine allergies, known thyroid pathologies (i.e., goiters;
) autoimmune thyroid disease), hypocomplementemic vasculitis, and dermatitis
j herpetiformis.

|

The Aeolimbility of WHO Guidelines for U.S. Pppulatian
!!

When evaluating WHO Guidelines for U.S. populations, it is important to
j acknowledge the major difference in dietary intakes between the populations of the United

! States and those of other countries. The average daily dietary intake of about 200 pg of
: iodide in the United States is considered high compared to that in other countries.
1

'

|
; When iodine deficiency is present, the thyroid has a higher avidity for iodine (and, i

| therefore, radioiodine) than the thyroid of a person with a normal or high iodine intake.
| In areas with low lodine intake, the amount of radioiodine accumulated in the thyroid can
| be expected to be up to as much as 2 to 3 times higher from an identical environmental
j exposure than in a population with normal or high iodine intake (Delange 1989). Stated
i somewhat differently, the prophylactic benefit of KI is higher for individuals with low dietary
| intake.
,

f Along with its higher thyroid protection among persons with lower dietary intake of
|

| iodine, the potential side effects of KI are also more likely. This is because nodular goiter |
; is more prevalent with low dietary intakes ofiodine. Since some of the soitrous modules
j_ are likely to be autonomous (i.e., function independently of thyroid-stimulating hormone |

j (TSH)), this sudden increase in avaliable iodine can facilitate the increased synthesis of |
1 thyroid hormone. Similarly, individuals with Graves' Disease whose condition is subclinical
! due to dietary restrictions ofiodine, when given KI, would be subject to the full expression .

of the disease.
,

B-4
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APPENDIX C |

ADVERSE REACTIONS 'ID IODIDE AND
ESTIMATION OF ADVERSE INCIDENCE RATE

The frequency of potential adverse reactions to iodide when taken orally in daily
doses of 130 mg can be assumed to be very small on the basis of extrapolation from
dommented data. Potassium iodide is a major ingredient in cough syrups and expectorants
whose principal purpose is to liquify tenacious bronchial secretions associated with
respiratory infections, allergic bronchitis, asthma, pulmonary emphysema, etc.

The Food and Drug Administration's Division of Epidemiology and Surveillance
(DES) maintains a computerized data base of adverse drug reactions. Known as either the
Advene Reaction Reporting System (ARRS) or the Spontaneous Reporting System (SRS),
the present data base contains over 400,000 reports which have been collected since 1969.
The primary purpose of this data base is to serve as an early warning system for adverse
reactions not detected during pre-market testing. '

.

Approximately 90% of the reports in the SRS data base are submitted by drug
manufacturers, who must, by law, report adverse events that became known to them. The
remaining 10% of reports are received directly by DES from sources other than
manufacturers (Le., health professionals and consumers).

Adverse Reactions to KI

For the period of 1969 through July 1991, the SRS data base contains only 97 reports
of suspected adverse reactions to KI. Summary data supplied by the FDA concerning these
97 mses are furnished as Addendum-1 in this appendix. Table C-1 characterizes these cases
with respect to age and gender of the subjects and quanti 6es exposure. Individuals tended
to be above the age of 40, with about tice as many males as females. The duration of

| therapy was skewed and bimodal, having a mean of 19 days and a standard deviation of 60
days. While most individuals were medicated for less than two weeks, there were fewi-

individuals whose therapy lasted months and up to one year. Although the FDA provided
daily dosage information, the data muld not be converted into milligram quantities of KI.
An estimate of daily doses administered was derived from the recommended doses
prescribed by pharmaceutical firms (see Table C-4). No adverse reactions were reported
for children.

|

i
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Table C-1

Advene Reaction Profile to KI'

Total # of Route of Gender Avg. Age Duration of Daily
Individuals Administ. ' M F U /SD Therapy (days) Dose' (mg)

|

| 97 PO 61 28 8 54 1 16 19 i 60 100 - > 1000
'

1 Source: Addendum-1 of this appendix.
2

| See Table C-4.

1

Table C-2 identifies specific advene reactions among these subjects and the,

frequency of their occurrence. With rare exceptions, the adverse reactions cited are not life-
threatening and are quickly revened upon discontinuation of medication. The sum of
adverse reactions exceeds the number ofindividuals because some individuals reported more

,

;

than one reaction. Of the 97 individuals, recovery was cited for 65 without medical
intervention; for 31 individuals, the patient outcome was not addressed in the initial report
received by the FDA and are, therefore, identified as " unknown"; in one instance, the
advene reaction was sufficiently severe to require hospitalization; and one death was
reported. The adverse reactions cited in the case requiring hospitalization included fever, J

skin necrosis, eye pain, and petechia. For the fatality, the major adverse reaction identified .!
in the report was limited to vesiculobullor: rash.

|

|

Cause and effect interpretation from these data must be done with caution. The
FDA issued the following caveats (penonal communications):

1. "For any report, there is no certainty that the suspected drug caused the reaction. |
This is because physicians are encouraged to report all suspected advene drug |
events, not just those that are bown to have been caused by the drug. 'Ihe event ;

may have been related to an underlying disease for which the drug was given, to
other drugs being taken concurrently, or may have occurred by chance at the time
the suspected drug was taken."

2. " Accumulated case reports cannot be used to calculate incidence or estimates ofdrug
risk. They must be carefully interpreted as reporting rates and not occurrences or
incidence rates. Comparison of drug safety cannot be made from these data."

!
l C-2
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Table C-2

!
' Suspected Adverse Reactions to KI Reported Since 1%9

| No of
'

Adverse Reaction Occurrences Definition / Description

ACNE 4 Pustular skin eruption.

ALLERGIC REACTION 1 UnspeciSed response which could range from

j a fever type symptom to severe asthma.
' ANAPHYLACTOID 1 Life-threatening allergic reaction usually

REACT manifested by severe spasm of the bronchi in
the lung with associated like syndrome.

I ANGIOEDEMA 3 Another from of allergic reaction manifested
! by swelling of the mucus membranes of the

| eyes, nose, mouth, phyarnx, and ocasionally
L the larynx. Also in its more diffuse form will
| cause diffuse soft tissue swelling throughout
!

the body and is associated with giant hives.

ANTHRAIEIA 1 Bone pain.

ASTHMA 1 Wheezing respiration due to bronchial
j restriction.,

CONJUNCTIVITIS 4 Redness of the eye merrbrane.

COUGH INCREASED 1 Self-explanatory.

[ DERMATITIS, 1 Another form of toxic reaction to medication
'

EXFOLIATIVE where the superficiallayers of the skin
become inflamed and desquamate.

! DIARRI4EA 1 Self-explanatory.

EDEMA l' ACE 2 Self-explanatory. Again a form of allergic
| reaction.

EOSINOPHILIA 2 A type of white blood cell which is increased
'

j in its numbers.

| ERYTHEMA 2 Another form of toxic skin reaction.
! MULTIFORME
: ERYTHEMA 1 A nodular form ofinflammatory disease of

| NODOSUM the skin. Again, usually associated with toxic

| reaction to some medication.

| FEVER 5 Self-explanatory.

GLOSSITIS 1 Swelling and inflammation of the tongue.

GOITER 2 An enlarged thyroid. j

: C-3
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Table C-2 (Continued). Suspected Adverse Reactions to KI
|- Reported Since 1969

No of
Adverse Reaction Occurrences Definition / Description

HEADACHE 1 Self-explanatory.

HEMATURIA 1 Blood in the urine.

HYPOTHYROIDISM 1 lack of thyroxine hormone.

LYMPHADENOPATHY 1 Swelling of the lymph nodes, usually multiple.

NECROSIS OF SKIN 1 Again similar exfollated dermatitis.

PAIN 1 Self-explanatory.

PAIN EYE 1 Self-explanatory.

PAROTID 3 Self-explanatory. Parotid is the salivary gland
ENLARGEMENT just in front of the ear.

,

' PETECHIA 1 Small hemorrhagic, skin spots usually
menaciated with toxic reaction to medication.

! PRURITUS 3 Skin itch.
l RASH 9 Nonspedfic term.

MACUIDPAPULAR 24 Multiple skin areas of punctate erythema with
RASH slight elevation.

PURPURIC RASH 1 Quite similar to petechia.

PUSTULAR RASH 2 Very similar to acne.

VESICULAR BULIDUS 3 Superfidallayers of the skin develop
RASH considerable inflammation with fluid

accumulation causing bubble.-like lesions.

REACTION 1 Self-explanatory.
UNEVALUATED
SALIVARY GLAND 11 Related to parotid enlargement which

i ENLARGEMENT includes submandibular salivary glands.

SARCOIDOSIS 1 A granulomatous noninfectious disease of

| unknown etiology.

| SERUM SICKNESS 1 A delayed type of allergic reaction to foreign
protein. It can be life-threatening.

| SIALADENITIS 4 Inflammation of the salivary glands.
SPUTUM, INCREASED 1 Self-explanatory.

STOMATITIS 1 Inflammation of the oral cavity; frequently
nasaciated with glossitis.

URTICARIA 7 Hives.

|
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Table C-2 (Continued). Suspected Adverse Reactions to KI
Reported Since 1%9

No of
Adverse Reaction Occurrences Definition /Descriptian
VASODILATATION 1 Dilatation of the small blood vessels.

VOMITING 1 Self-explanatory.

SALIVARY GLAND 1 Self-explanatory.
ENLARGEMENT

IODISM A morbid clinical condition characterized by
salivary gland enlargement, cutaneous
eruption, etc. induced by iodine.

LYMPHADENOPATHY Previously described.

PHARYNGITIS . Inflammation of the pharynx.
PRURITIS Previously described.
RASH Previously described.

RASH MACULA Previously described.
PAPULAR
PHINITIS Inflammation of the mucus membranes of the

nose.

TASTE PERVERSION Self-explanatory.

Nevertheless, the NCRP in 1977 (NCRP 1977) attempted to use FDA's SRS data to
establish incidence rate estimates. At the time of the NCRP study, six pharmaceutical firms
were identified as manufacturers of products containing KI. However, only two companies
provide production data, which was only for 1975. By using the average annual number of
adverse reactions reported between 1969 and 1975, and 1975 manufacturing data from only
two out of six mmpanies, a conservative adverse reaction rate of about 5 x 10' was
estimated. To determine a baseline estimate of the potential adverse reaction incidence

I
rate, it is necessary to correlate the number of adverse reactions for a fixed time frame to
the total quantity of KI consumed.

In an attempt to update earlier data and refine the adverse reaction incidence value,
five pharmaceutical finns were identified in the Physicians' Desk Reference as
manufacturers of drugs containing .KI (a sixth company producing SSKI was not included)..
The companies were contacted and asked to provide information regarding production
quantities for their KI-containing products. Without exception, all companies stated that
production information dating back to 1969 was not available. Data, however, were
available for the most recent five years. Company representatives also warned that recent
production data could not be used to extrapolate production quantities back to 1969. There
was emphatic consensus among finns that production quantities of KI-containing drugs have

C-5
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been drastically reduced over the past two decades. This trend is strongly supported by the'

i

frequency distribution of the number of adverse drug reactions reported to the FDA
between 1969 and 1991 (Table C-3).

Table C-3
1

Number of Advene Reactions to KI by Year

Y. car
'69 '70 '71 '72 '73 '74 '75 *76-79 *ao *81-43 '84 '85 'a6-90 '91

7 37 23 9 12 2 2 none 1 none 1 i none 1

The five companies provided the product information and production estimates given
in Table C-4.

|

| For the most recent five-year period, pharmaceutical Arms produced oral mediation
! containing approximately 10,000 kilograms of KL To convert quantities manufactured to

quantities consumed. it is necessary to estimate what percentage of the manufactured
quantities is actually sold to wholesalen/retallen, the quantity sold by retallen to
consumers, and the percentage actually consumed. In response to these questions,
pharmaceutical firms stated that essentially 100% of their manufactured products is sold to
wholesalers and retailen, with no significant quantities discanled for reasons of shelf-life,

expiration, etc. When asked about the potential quantities consumed, representatives of|

pharmaceutical firms speculated that an estimate of 50% may be appropriate for the
following reasons: the symptoms of coughs, colds, and allergies are frequently of shorter

i duration than the quantity prescribed or purchased, and the use of mediation is frequently
confined to that period of time when individuals feel the need for medication. This is
especially true for KI-containing medication that also contains codeine and barbiturates.
For the most recent five-year period, therefore, it will be estimated that about 5,000 kg of
KI was consumed, which corresponds to 38 million equivalent doses of 130 mg each. Dunng
this same five-year period, only a single advene reaction to KI was reported (see
Addendum-1: Report Accession No. 91040801600011). This adverse reaction was classified
as "unevaluable" and did not involve a biologial reaction. In fact, the complaint was
confined to the physical discoloration of the medication. In summary, for the most current
data involving 38 million equivalent doses of KI consumed, there were no reports of adverse
reactions.

I
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Table C-4

Product Profile and Production Ouantity for 1986-1990

Pharm. Product KI Content or Recommended Quantity Equivalent
Firm Description Concentration Daily Dose Manufactured Doses

(daily KI) (130 mg ea.)

A liquid 324 mg/5 ml 20-60 ml 830,000 oz* 12,410,000*
(1300-1900 mg)

B tablet 320 mg/ tablet 3-4 tablets 15,106,000 37,648,800
(960-1280 mg) tablets

C liquid 75 mg/5 ml 20-30 ml 4,662,544 oz 16,139,575
(300-450 mg)

D tablets 195 mg/ tablet 3-4 tablets 2,000,000 3,000,000
(585-780 mg) tablets *

E liquid 130 mg/15 ml 30-45 ml 1,264,280 oz 2,528,560
g (260-390 mg)

" * Values represent best estimates by pharmaceutical firms.

<

h

6
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|

While the absence of adverse reactions for the most recent five year period does not i

imply a zero risk, the data do suggest that the previous risk coefficient of 5 x 10' as {
estimated by the NCRP (NCRP 1977) is conservative. If the NCRP's risk coefficient were

,

applied to the consumption of abort 38 million equivalent doses, a total of 19 adverse |
reactions would be expected.

l
The current data support an adverse reaction incidence rate value of I x 10' or less i
per unit dose of 130 mg of KI.

Adverse Reactions to Indinated Contrast Media j

A second source for deriving potential risk estimates involves iodinated x-ray contrast !

media and their occasionally toxic side effects which are presumed to be caused in part by
)

their high iodide content. For a single diagnostic procedure, the dose of organically bound '

iodide may involve quantities of several grams. Adverse reactions to iodinated contrast
media are usually of mild to moderate severity. About 95% of these reactions include aches

;

and pain, stiffness, nausea, and vomiting. These reactions, usually occurring 1 to 10 hours ;

after the injection, last for a few hours and usually disappear within 24 hours. Severe life-
i

threatening anaphylactoid reactions, mostly of cardiovascular origin, have been observed.
{

Cardiovascular complications include arrhythmias (including PVCS and PACS), angina, i
hypotension, and cardiac arrest. j

Studies assessing adverse reaction incidence rates are fragmented. Frequently, the
size, selection criteria of study subjects, and the type of reported adverse reaction are of
limited scope. The following provides a brief summary.

i

In one of the earliest studies involving iodinated contrast media, the unfavorable
{

e

sequelae and deaths were assessed for a total of 662,000 urographic examinations |
(Pendergrass 1942). A total of 26 deaths were reported of which 8 were attributed j
to the medical condition under investigatian, If the remaining 18 deaths were i

exclusively the consequence ofiodine reactions, the fatalincidence rate would be 27
per 1(f exposures (1 fatality per approximately 37,000 examinations) involving doses
ofiodine between 2.5 to 16.8 grams per examination.

This incidence rate appears consistent with the data of Tucker and diBaguo (Tucker*
;

1956) who observed no severe reactions / fatalities among 2,000 patients who had
received either Neo-lopax with 5.2 grams ofiodine per examination or Urokou with
4.9 grams ofiodine.

In a study of 1% Japanese hospitals involving 77,040 injections ofionic and 42,581*

injections of non-ionic iodinated contrast media, one fatality and 38 severe reactions
,

were reported. Severe reactions were defined as those requiring hospitalization of '

;

C-8
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5the patient. The overall incidence of severe reactions is 34 per 10 with a fatality
5incidence of 1.7 x 10 (Katayama 1%3). |

Because iodine /lodide is considered a significant risk to the fetus, iodinated
| pharmaceutials and diagnostic x-ray medis are avoided during pregnancy. No

reliable medical data, therefore, exist concerning fetal risks.
|

A study of 3,808 hospital patients investigated for various thyroid disorders showed*

that the frequency of hyperthyroidism increased from 3.7% to 5.4% when patients !

were segregated on the basis of exposure (within the previous 12 months) to l

lodinated x-ray contrast medium (Oberhausen 1988).

| In controlled clinical trials involving 1,270 patients administered the contrast medium |e
'

OMNIPAQUE, one fatality occurred. A cause and effect relationship between this |
death and iohexal, the pharmacologim1 ingredient of OMNIPAQUE, has not been |
established (PDR 1991).

|

To obtain more current and comprehensive data, information from the Food and
Drug Administration's Adverse Reactions Reporting System was requested. Adverse
reactions to iodide-containing diagnostic contrast media have been reported to the FDA,

'

since 1969. Between 1969 and August 1991,5,131 cases of adverse reactions were reported
in which iodinated contrast media were suspected as the musative agent. The majority of ;
adverse reactions involved extrathyroidal effects which were transient, mild to moderate in '

| severity, and required no medicalintervention for patient recovery. In a few cases, adverse
reactions were severe and included cardiac arrest, myocardial infarction, anaphylactoid
reactions, shock, and death. Table C-5 identifies the most severe adverse reactions in the
context of the total number of reactions reported.

Table C-5
!

Adverse Reactions to Iodinated Contrast Media i
Reported to the FDA Between 1969 and August 1991 |

Total Cases
Iodinated Contrast Anaphylactoid Cardiac Arrest of Adverse

Media * Reactions & Myoc. Infarct. Shock Death Reactions

Domestic 157 122 88 26 4933

Foreign 6 8 9 4 198

'IDTAL 163 130 97 30 5131

*

Includes all manufacturers of contrast media approved by the FDA.

|

|

| C-9
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:

i

:

To convert the FDA's ARRS data to adverse reaction incidence rate data requires,

knowledge of the total quantity of diagnostic contrast media used for the corresponding time
; frame. The quantity of diagnostic contrast media that had been used was estimated based

on (1) the total quantity manufactured, (2) the total number of diagnostic procedures-

; performed, and (3) the total reimbursements made by Federal and private insurers for
procedures involving lodinated contrast media. Statistical data were sought from;

pharmaceutical firms, the HFCA, FDA, other governmental agencies, and privatea

organizations (e.g., American Medical Association; Cammleion on Professional and
i Hospital Activities,IMS America). In allinstances, data were either incomplete, lacked the
! necessary specificity for reliable quantification, or were considered con 6dential
,

) The inability to convert FDA's ARRS data to an adverse reaction incidence rate for'
; iodinated contrast media, however, is not significant for this report. Any extrapolation of
: adverse reaction incidence data involving iodinated contrast media to potassium iodide
j would likely have been considered inappropriate for the following reasons:
;

The 1 to 5 grams of iodine per diagnostic procedure involving lodinated contrasto,

;
media represents quantities that are 10 to 50 times higher than the recommended
100 mg ofiodide contained in a 130 mg tablet of KI.-

j lodinated contrast media, in most instances, exist in organically bound forn Thee

: iodinated protein globulin is water soluble and remains non diaanciated (nonionic)
i in the bloodstream with little or no metabolism, deiodination, or biotransformation

prior to rapid urinary excretion. Serum levels of free iodide for thyroid metabolism4

; are, therefore, either unknown or assumed mialmal.
i
| The role of the mganic component in extrathyroidal hyperussitivity reactions is |

e
; uncertain but must be suspected. i
,

j e Unlike KI that is administered orally, lodinated contrast media are infused
j. intravascularly or intrathecally.
|

| e The underlying medical condition warranting the diagnostic procedure involving
iodinated contrast media must be viewed as a confounding variable with respect to:

! the etiology of the reported adverse reactions.

I
a

1

I
5

4

|

1 C-10,
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!

ADDENDUM C * '
- ' FDA SPONTAHEDUS REPORTING SYSTEM

CAUSE-EFFECT RELATIONSilIP BETHEEN EACH DRUG AND REACTION
CANNOT DE ESTABLISifED HITH CERTAINTY IN ALL CASES

60TASSIUM IODIDE
.________________________________________________________________________________________________________,________

REPORT COSTART TOTAL
SOURCE OCCURRENCES

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . , _ _
DOMESTIC ACHE 4
DOMESTIC ALLERO REACT I
DOMESTIC ANAPHYL 1
DOMESTIC ANOIDEDEMA 3
DOMESTIC ARTHRALGIA 1
DOMESTIC ASTHHA 1
DOMESTIC CONJUNCTIVITIS 4
DONESTIC CDUGH INC 1
DOMESTIC DERM EXFOL 1

1 DOMESTIC DIARRHEA 1
DOMESTIC EDEMA FACE 2
DOMESTIC EOSIN0PHILIA 2
DOMES!IC ERYTHEMA MULT' 2

,DOMESTIC ERYTHEHA NOD 1 . !DOMESTIC FEVER S '

DOMESTIC GLOSSITIS 19 DOMESTIC- GOITER 2* DOMESTIC HEADACHE 1~
DOMESTIC HEMATURIA I'
DOMESTIC HYPOTHYR 1
DOMESTIC LYMPHADEHO I
DOMESTIC NECRO SKIH 1
DOMESTIC PAIN 1
DOMESTIC PAIN EYE 2
DOMESTIC PAROTID ENLARGE 3
DOMESTIC PETECHIA 1
DOMESTIC PRURITUS 3
DOMESTIC RASH 9
DOMESTIC RASH MAC PAP 24
DOMESTIC RASH PURPUR I
DOMESTIC RASH PUST 2
DOMESTIC RASH VESIC BULL 3
DOMESTIC REACT UNEVAL 1

DOMESTIC SALIV GLAND ENLARGE 11
DOMESTIC SARCOIDOSIS I
DOMESTIC SERUM SICK 1

;

4

These? data sheets were provided by the FDA's Division of Drug Experience un<ter tim
Freedom of Information Act.

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

FDA SPONTANEDUS REPORTING SYSTEM
CAUSE-EFTECT REL ATIONSHIP BETHEEN EACN DRUG AND REACTION

CANNOT BE ESTABLISHED HITH CERTAINTY IN ALL CASES
!

POTASSIUM IDDIDE <

______________________________________________________________.,____________________________________________________,

REPORT COSTART TOTAL
SOURCE OCCURRENCES

!_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .

DOMESTIC SIALADENITIS 4
DOMESTIC SPUTUM INC 1

DOMESTIC STOMATITIS 1

DOMESTIC URTICARIA 7
DOMESTIC VASODILAT 1

DOMESTIC VOMIT I
FOREIGN SALIV GLAND ENLARGE 1

,

DOMESTIC 96

FOREIGN 1

THE GRAND TOTAL IS 97

r

>.
'M

i

1

s

.

' !
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FDA SPONTANEOUS REPORTING SYSTEM
CAUSE-EFFECT RELATIONSHIP BETHEEN EACH DRUG AND REACTION

CANNOT BE ESTABLISHED HITH CERTAINTY IN ALL CASES

POTASSIUM IODIDE
__________________________________________________________________________________________________________________

ACCESSION CONTROL DAILY UNITS SUSPECT ROUTE DURATION AGE SEX REPORT PATIENT
NUMBER NUMBER DOSE DRUG ADM. THERP. SOURCE OUICOME

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - _ _ _ _ _ _ _ _ _ _ _ _ '
__________________________________________________________________________________________________________________

ALL DRUGS i

___________________________________________..______________________________________________________________________
____________________________________.__ ________________________________________________________ _________________

ALL REACTIONS
_____-____________________________________________ - _ _________________________________________________________

,

-_____ __________________________________________________________________________________________________________
MESSAGE

__________________________________________________________________________________________________________________
4911nllitn1961 0C000741 060.000 M S PO 057 M DOMESTIC RECOVERPOfASSIUM 10DIDE

PAROTID ENLARGE RASH MAC PAP
69110110500601 00001138 005.000 CC S PO 00002 048 H DOMESTIC RECOVER

- FOTASSIUM IDDIDE
RASH MAC PAP t

69122008212001 00001642 S 063 F DOMESTIC RECOVER
POTASSIUM IODIDE PHENOBARBITAL a

RASH MAC PAP
69100400600101 00001884 030.000 M S PD 00005 053 H DOMESTIC RECOVERg)

POTASSIUM IODIDE.

[] RASH MAC PAP
7001010880020: 00001992 020.000 M S PO 00005 041 F DOMESTIC RECOVER

POTASSIUM IDDIDE
FEVER

70020105503901 00002770 004.000 CC S PO 00001 072 M DOMESTIC UNKH0HN
PDTASSIUM IODIDE

ANGIDEDEMA
70010111102201 00004397 - 060.000 M S PO 00180 075 M DOMESTIC UNKNOHN

POTASSIUM IODIDE *

ACNE
69010115700501 00004556 040.000 M S PO 00002 053 M DOMESTIC RECOVER t

POTASSIUM IODIDE PHENOBARBITAL '

RASH MAC PAP

,

- . _ _ . _ _ _ _ _ _ _ . _ _ _ . . _ _ _ _ . ..m______.__m__._ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ - _ _ _ _ . _ . _- _ _ - _ _r- __ _m



_ _ _ _ _ -- - _ - -

FDA SPONTAHE005 REPORTING SYSTEM
CAUSE-EFFECT RELATIONSHIP BETHEEN EACH DRUG AND REACTION

CANNOT BE ESTABLISHED HITH CERTAINTY IN ALL CASES

POTASSIUM IODIDE -

--__-----_---___----------_--_-_----------------_----------_-----___2-_---------------------------------------_---.

ACCESSION CONTROL DAILY UNITS SUSPECT ROUTE DURATION AGE SEX REPORT PATIENT
NUMBER NUMBER DOSE DRUG ADN. THERP. SOURCE OUICOME

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .

-------------------------- --_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ALL DRUGS
--------------------------------------- _ =_ __ -------------------------------------------------------------.

------------------------------------------------------------------------------------------------------------------.
ALL REACTIONS

------------------------ - __=----------------------------------------------------------------------------_--.

-----------------------------------------------------------------------------------------------------~~-----------.
MESSAGE

-------------------------- ----- _ - - - - - - - - - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ --------------------.

70010111101101 00004579 040.000 M S PO 056' M DOMESTIC RECOVER
POTASSIUM IDDIDE

ANGI 0 EDEMA
70030108100201 00005053 040.000 M S PD 00003 047 M DOMESTIC RECOVER

POTASSIUM IDDIDE
RASH MAC PAP

(3 70030108300701 00006070 S PO 00002 075 .F DOMESTIC UHKNOHN
GANTRISIN POTASSIUM IDDIDE~~

A RASH MAC PAP
70010116200101 00006307 030.000 M S PO 00014 064 'M DOMESTIC RECOVER

POTASSIUM 10DIDE
' FEVER

70040111100201 00006489 045.000 M S P9 00021 055 M DOMESTIC RECOVER
POTASSIUM IODIDE

RASH .

'
70040108300701 00006739 030.000 M S PO 00042 074 M DOMESTIC UNKNOHN

POTASSIUM IODIDE
RASH MAC PAP

70050401500901 00007829 S M DOMESTIC RECOVER
PDTASSIUM IODIDE

SALIV GLAND ENLARGE
70050116200301 00008616 040.000 M S PO 00001 M DOMESTIC RECOVER

POTASSIUM IODIDE PENICILLIN G PROCAINE
EOSIN0PHILIA >

- _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ . - _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ - __



FDA SPONTANEDUS REPORTING SYSTEM
'CAUSE-EFFECT REL ATIONSHIP BETHEEN EACH DRUG AHD REACTION

CANNOT BE ESTABLISHED HITH CERTAINTY IN ALL CASES

POTASSIUM IODIDE
________________________________________________________________________________________________________________,

ACCESSION CONTROL DAILY UNITS SUSPECT ROUTE DURATION AGE SEX REPORT PAIICHI
NUMBER HUMBER DOSE DRUG ADM. THERP. SOURCE OUTEOME

_________________________________________________________________________________________________________________
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

ALL DRUG 3
-- ___________________=- _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . ___________________________

_________________________________________________________________________________________________________________
ALL REACTIONS

_______________________-- ______________._________________________________________________________________
_______________________ - __=________________________________________________________________________________-

MESSAGE
_______________________________._________________________________________________________________________________
70010106400301 00009970 0.?0.000 ML S PD 00090 060 M DOMESTIC RECOVER

POTASSIUM IODIDE
HYPOTHYR

70060111102401 00011483 040.000 M S PO 00001 061 M DOMESTIC RECOVER
POTASSIUM IODIDE

CONJUNCTIVITIS
70060105001401 00012169 030.000 M S PO 00004 054 M DOMESTIC RECOVER() POTASSIUM IODIDE LASIX

>a RASH MAC PAP
'^ 70050108800101 00012657 040.000 M S PO 00001 023 M DOMESTIC RECOVER-

POTASSIUM IODIDE
SALIV GLAND ENLARGE

70070203200301 00012925 030.000 M S PO 00044 065 M DOMESTIC RECOVER
POTASSIUM IODIDE EPHEDRINE

PRURITUS
70070201100101 00012926 S PO 00017 031 F DOMESTIC RECOVER

POTASSIUM IDDIDE
RASH

70070105000701 00013798 020.000 M S PO 00004 062 M DOMESTIC RECOVER
PENICILLIN G PROCAINE POTASSIUM IDDIDE STREPTOMYCIN

RASH PURPUR
70080119000301 00014487 - 300.000 MG S PO 00007 170 M DOMESTIC RECOVER

POTASSIUM IODIDE
RASH MAC PAP

-
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FDA SPONTANEOUS REPORTING SYSTEM
CAUSE-EFFECT RELATIONSHIP BETHEEN EACil DRUG AND REACTION

CANNOT BE ESTABLISHED HITH CERTAINTY IN ALL CASES

POTASSIUM IDDIDE
- - _ - _ - - - _ - _ - - _ _ - - - - - - - _ _ - - - - - - _ _ - - - - - - _ _ _ _ _ _ _ - _ - - - - - - _ _ - - - - _ - _ _ _ _ _ - - _ _ - _ _ - - _ _ - - - - - - - _ - - - _ _ - - - - - - - - - - _ - - - - - - - . _

ACCESSION CONTROL DAILY UNITS SUSPECT ROUTE DURATION AGE SEX REPORT PATIEni
NUMBER NUMBER DOSE DRUG ADN. THERP. SOURCE 00TCOMi!

.--------------------------------------------------------------------------------------------------------.

------------------------------------------------------ -------------------------------------------------------
ALL DRUGS

------------------------------------------------------- -------------- ,------------------------------------
------------------------------------------------------------------------ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ALL REACTIONS
-------------------------------------------------------------- ------------------------------------------------
---------------------------------------------------------------------------------------------------------------

MESSAGE
------------------------------------------------------------------------------- . ._---------------------------

70100119400101 00016501 030.000 M S 00001 039 F . DOMESTIC RECOVER

POTASSIUM IODIDE
PRURITUS RASH

70080116800401 00016801 030.000 MG S PO 00003 040 M DOMESTIC RECOVER

POTASSIUM IODIDE
RASH

(3 70080400400201 00017171 030.000 M S PO 00002 036 H DOMESTIC RECOVER
POTASSIUM IDDIDE**

Ch PAROTID ENLARGE
70110116800401 00017484 030.000 M S PO 00002 023 F DOMESTIC RECOVER

PDTASSIUM IODIDE
SALIV GLAND ENLARGE

70110116800801 00017486 030.000 M S PO 00004 049 M DOMESTIC RECOVER

POTASSIUM IODIDE
SIALADENITIS

70100202000701 00017489 040.000 M S PO 00001 049 M DOMESTIC RECOVER
POTASSIUM IODIDE

HEADACHE VASODILAT
70120104504601 00017864 S PO 00014 F DOMESTIC UNKH0HN

POTASSIUM 10DIDE
URTICARIA

70090105001701 00017874 S PO 059 H DOMESTIC UHKnouH
POTASSIUM IODIDE

RASH MAC PAP

!

. - _ _ _ _ _ _ . _ . - . - _ - _ - . _ - _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ - - - _ _ - _ _ . - _ _ - _ _ . . - _ _ _ _ _ _ _ . . _ _ _ - - _ _ - _ .
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FDA SPONTANEOUS REPORTING SYSTEM
CAUSE-EFFECT RELATIONSHIP BETHEEN EACH DRUG ANT REACTION

CANNOT BE-ESTABLISHED HITN CERTAINTY IN ALL CASES ,

POTASSIDM 10DIDE [
--------------------------------------------------------------------------------------- ------------------------.

'i
ACCESSION CONTROL DAILY UNITS SUSPECT ROUTE DURATION AGE SEX REPORT PATIENT
NUMBER NUMBER DOSE DRUG ADM. THERP. SOURCE OUTCOME

---- --_-_----------------------------------__------------.--___-------------_--------_-------------------- -___. ,
-_---------------------------------------------------- .------------------------------------- ------------. . _-;

ALL DRUGS
--------------------------- -------------------------------------------------------------------------------------'
---------_ .------------------------------------------------...-------- ------ -------------------------- ,

ALL REACTIONS |

_---_-------_-___-------- _-------------------------_---------------_-----__---------------_------_----_ _-----_- ;
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ - - ----------- ------------------------------------------------------------

MESSAGE
-------------------------- _ _ _ - - - - - - - - - - - - - . . - - - - - - ---------- --------------- --------- ---- ----------

70090108301201 00017957 015.000 MG S PO 00005 068 M DONESTIC UNKNOWN
POTASSIUM IODIDE

SIALADENITIS
70100105002501 00018292 030.000 M- S PO 00004 060 M DOMESTIC UNKNOHN

'

POTASSIUM IDDIDE
RASH PUST

70120116200301 00018304 060.000 MG S PO 00004 061 F DOMESTIC RECOVER
'

9 POTASSIUM IDDIDE L

y RASH MAC PAP
70090115301201 '00018425 004.000 TB S PD 00002 069 F DOMESTIC UNKNDHN ;

POTASSIUM IODIDE
ERYTHEMA MULT HEMATURIA

70120106901501 00018564 021.000 M S PO 00004 U DOMESTIC UNKNOHN >

!POTASSIUM IDDIDE PENICILLIN G PROCAINE I
RASH

70120108300101 00018614 040.000 M S PO 00012 045 M DOMESTIC UNKNOW'l +

POTASSIUM IODIDE
RASN MAC PAP RASH VESIC BULL

70080119700301- 00019532 010.000 M S PO 00001 036 F DOMESTIC UNKNOHN
POTASSIUM IODIDE

AMAPHYL
71010108108401 00020479 020.000 CC S PO 00002 071 M DOMESTIC RECOVER-

PENICILLIN POTASSIUM IDDIDE GENTAMICIN
RASH MAC PAP

,

i
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FDA SPONTANEDUS REPORTING SYSTEM
CAUSE-EFFECT RELATIONSHIP BETHEEN EACH DRUG AND REACTION

CANNOT BE ESTABLISHED HITH CERTAINTY IN ALL CASES

POTASSIUM IDDIDE
._______________________________________________--_-_____________________________.-.___ -________________________

ACCESSION CONTROL DAILY UNITS SUSPECT ROUTE DURATION AGE SEX REPORT PATIENT
NUMBER NUMBER DOSE DRUG ADM. THERP. SOURCE OUTCOME

______________________________________________ _.._______________________-____________________________________________________-____ __ ___- _____ -___________ _______.-____________________--_________________________________
ALL DRUGS

_________________-- ___________________-____-___ _____________________________________ _____________________
____.-_ - --- __=-- _ . - - - - _ - _ - _ _ . _= _-_-__-____________-_____________________________-__________-___

ALL. REACTIONS
_____--__________----_ ___________-_____- . - ____-__- _______________-_________________________________
__________________ _-_____________ _________ _____________________________ .____________________________

MESSAGE
_-___. _________-_____-- _____________.-__-_-_____--_____________________________________________________
71010105001001 00020683 030.000 M S PO 00365 M DOMESTIC RECOVER

POTASSIDM IODIDE
RASH MAC PAP

71010108300201 00021032 040.000 M S PO 00008 686 M D0!1ESTIC UNKNOHN
PCTASSIUM IDDIDE

RASH
71010111104601 00021105 030.000 M S PO 00003 062 F DOMESTIC RECOVER() , POTASSIUM IODIDE

*- URTICARIA** 71010112600401 00021454 020.000 M S PO 00029 171 F DOMESTIC RECOVER
PDTASSIUM IDDIDE

URTICARIA
7103011S300301 00022830 020.000 M S PO 0001S 061 M DOMESTIC UtlKNOHN

KEFLIN AMPICILLIN KANAMYCIN SULFATE PDTASSIUM IODIDE
RASH MAC PAP

71030107500701 00022922 030.000 M S PO 00002 059 M DOMESTIC RECOVERPOTASSIUM IDDIDE
ACNE

71040116801001 00023451 030.000 M S PO 00003 064 M DOMESTIC RECOVERPOTASSIUM IDDIDE
RASH

71040107501201 00023615 030.000 M S PO 00002 050 F DOMESTIC UNKNOHNPOTASSIUM IDDIDE
ERYTHEMA NOD

i

t

I

|

4
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t

FDA SPONTANEOUS REPORTING SYSTEM
CAUSE-EFFECT RELATIONSHIP BETHEEN EACH DRUG AND REACTION. !

CANNOT BE ESTABLISHED HITH CERTAINTY IN ALL CASES

POTASSIUM IDDIDE
- --_______-__----________---_-------_---_.-------__.--_--_-_----_-___--___---__-----_--_______- ___.--_--------___.

ACCESSION CONTROL DAILY UNITS SUSPECT ROUTE DURATION AGE SEX REPORT PATIENT
HUMBER HUMBER DDSE DRUG ADN. THERP. SOURCE OUICOME

,

--- _---_---------_---------_------ _--__-- _----------- _---- _-__- _------------- -------------------___----------------_ - - - _ - - - - - - - - - - - - - - - - - - - - - - _ - - - - - - _ _ - - - - _ - - - - - - - - _ - . - - - _ _ _ - - - - - - - - _ - - _ - - - - - - - - - - - - - - - - - - - - _ _ _ _ _ - - - _ - _ - - - - - .

ALL DRUGS
- _ _ - - - - - _ _ _ - . . - - - - - - . . . - _ _ _ - - _ - _ . - _ - - - - - _ - - - - - - - _ - - - - - - - - - - - - - - - - _ _ - _ _ _ _ _ _ - - - _ _ - - - - - - - _ - - - - _ . - - - - - - - - _ _ - - - _ - _ _ _ - _ .

---------------------- ---------------------------------------------------------------------- ..-------------------.

ALL REACTIONS ,

--------------_------- --_------------------------------ .------------- _----_-_---_- _..--..----------------- -_---.-------------------------_---------------------------------------------- _-- -------- _---_-------- ..-------__.---.

MESSAGE i

...----------------------..---------------------------------....---------_---_--------------------------.-_------_-.

71040107502901 00023776 017.000 CC S PO 00003 048 M DOMESTIC RECOVER
POTASSIUM IDDIDE

LYMPHADEND
71040107505201 00023905 030.000 M S PD 00029 054 M DOMESTIC RECOVER

POT ASSIUM IODIDE() SIALADENITIS.

Q3 70100108100401- 90024245 030.000 M S PO 031 F DOMESTIC UNKNDHH
POTASSIUM IDDIDE

SERUM SICK --

69020117100101 00024888 032.000 M S NAS 00009 074 F DOMESTIC RECOVER
AMPICILLIN POTASSIUM IODIDE DILANTIN

RASN MAC PAP ,

71050111101601 00025006 040.000 M S PO 00008 035 M DOMESTIC RECOVER
POTASSIUM IDDIDE CODEINE CHLORAL HYDRATE

FEVER URTICARIA-
69020111102601 00025162 030.000 M S PD 00014 082 M DOMESTIC RECOVER

POTASSIUM IODIDE KANAMYCIN SULFATE '
RASH MAC PAP

70100202700301 00025290 010.000 M S PD 00015 055 M DOMESTIC RECOVER
PENICILLIN V POTASSIUM IODIDE

RASH MAC PAP
71060105000701 00025553 030.000 M S PO 00040 041 F DOMESTIC RECOVER

POTASSIUM IODIDE
FEVER

1

I

-, .-
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FDA SPONTANEOUS REPORTING SYSTEM
CAUSE-EFFECT RELATIONSHIP BETHEEN EACH DRUG AHD REACTION

CANNOT BE ESTABLISHED HITH CERTAINTY IN ALL CASES |
i

POTASSIUM IODIDE ;

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

ACCESSION CONTROL DAILY UNITS SUSPECT ROUTE DURATION AGE SEX REPORT PATIENI i
NUMBER NUMBER DOSE DRUG ADM. THERP. SOURCE OUICOME l

_____-_-___-__-_-___ ___.--___-_______-_ _________ _ -_____-___----_--_______._--_.

_-______________-_-___-___________-________-____--_-_.... _________--___. __-__--_-___.---..___________________________________ .--____ ______
,

ALL DRUGS
___________-___________. _ ._-_____-_.____-----__.___. .p
__________-___..._______- _-. _____=_-_ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ - _ . - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ - -__ ___ ==_____ - _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ - _ _ _ ..

ALL REACTIONS {

_-_______________=______-_=- - _ _ _ - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ . - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . ,
- _-___________ -

____________--_______----- _ - - _ _ _ _ _ _ - - _ . - - - - _ _ _ _ _ _ _ _ _ .
_ _ - _ . _ _ _ - _ _ _ _ . . _ _ _

MESSAGE
__--_ _ _ = - - - _ _ _ - _ =..--__=_-__-_____. _-__- ___-__-____-____ -__.-___________.____- _____----___________-___.

71120109501101 00035641 030.000 M S PO 90001 057 -M DOMESTIC RECOVER ;

POTASSIUM IODIDE
RASH MAC PAP |

71120104502601 00035643 040.u00 M S PO 00002 069 M DOMESTIC RECOVER '

n POTASSIUM IDDIDE
RASH MAC PAP=

.M 72040107501701 00038235 040.000 M S PO 00006 023 M DOMESTIC RECOVER
POTASSIUM IODIDE

ACNE
71070106505601 00038469 040.000 M S PO 00003 084 M DOMESTIC UNKNDHH i

POTASSI'fM IODIDE
SALIV GLAND ENLARGE

72020401503301 00040063 S M DOMESTIC RECOVER
POTASSIUM IDDIDE i

SALIV GLAND ENLARGE
72060107502001 00040658 045.000 M S 'PO 00031 074 F DOMESTIC RECOVER

!POTASSIUM IODIDE
DERM EXFOL EOSIN0PHILIA -

72070401501601 00042159 010.000 M S U DOMESTIC RECOVER |

POTASSIUM IODIDE .

EDEMA FACE SALIV GLAND ENLARGE !

72100400600101 00044623 010.000 M S PO 00001 065 M DOMESTIC RECOVER :

POTASSIUM IDDIDE
SALIV GLAND ENLARGE ,

}

r
'

f
L

!

!

!
.

L

!
!

_ r

:

f
L
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FDA SPONTAHEOUS REPORTING SYSTEM
CAUSE-EFFECT RELATIONSHIP BETHEEN EACH DRUG AND REACTION

CANNOT BE ESTABLISHED HITH CERTAINTY IN ALL CASES

POTASSIUM IODIDE
------. ----.----..-----------------------------------_----..-------..-------------------------------------------

ACCESSION CONTROL DAILY UNITS SUSPECT ROUTE DURATION AGE SEX REPORT PATIENT
NUMBER HUMBER DOSE DRUG ADM. THERP. SOURCE OUICOME

- - - - - - _ - - _ - - - - - - - - _ . . - - - - - - - - - - . - - - - - - - - - - - - _ - - - - - - - - - _ - - - - - _ - _ _ - - - - - - - - _ - - - - - . . - - - - - - - - _ - - - - - - - - - . . - - - - - - - - . .
--- ------------------------------------------..------------------------------------------------ .--------------

ALL DRUGS
- _ - - - - . - - - - - - - _ - _ _ - - - - _ - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ - - - _ . - -
.. ----------------------- . _-- __ -----------.. ..--------...--------------------------------------------

ALL REACTIONS
--------. -------------------- . -- _-_ ----------------------------------- ------------------------------------------------------------------.. ...---------------------------------------------------------------------_-

MESSAGE
- - - - - - - - - - . - - _ - - - - - - - _ _ - - - - - - . . - - - - - - - - - - - . . - - - - - - - - - - - - - - - _ - _ - - - - _ - - - - - - - - - - - - - _ - - - - - - - - - - - - - - - - _ - - - - - _ - - - - .

72110107500101 00045546 052.000 M S PO 019 F DOMESTIC RECOVER
POTASSIUM IDDIDE QUADRINAL

GOITER
72120107503101 00045906 030.000 M S PO 00002 055 M DOMESTIC RECOVER *

() POTASSIUM IODIDE
'

N'$
URTICARIA

72120107501701 00045934 060.000 M S PD 00004 060 M DOMESTIC DIED
POTASSIUM IODIDE

RASH VESIC BULL
72120107504101 00045959 001.000 GM S PO 00004 055 F DOMESTIC UNKMOHN ,~

POTASSIUM IDDIDE
URTICARIA i

73010202001901 00046198 002.000 GM S PO 00005 061 M DOMESTIC RECOVER
POTASSIUM IODIDE

CONJUNCTIVITIS EDEMA FACE .

73010202002001 00046251 030.000 M S PO 00001 049 M DOMESTIC RECOVER !

POTASSIUM IODIDE
SALIV GLAND ENLARGE

73020109501601 00047266 020.000 M S PO 00007 F DOMESTIC UHKH0HN
PDTASSIUM 20DIDE

ERYTHEMA MULT
73041000204701 00049311 015.000 M S PO 00002 U DOMESTIC UHKH0HH

POTASSIUM IODIDE TEDRAL
SALIV GLAND ENLARGE

1

6
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FDA SPONTANE0US REPORTING SYSTEM .

CAUSE-EFFECT REL ATIONSHIP BETHEEN EACH DRUG AND REACTION i
CANNOT BE ESTABLISHED HITH CERIAINTY IN ALL CASES '

POTASSIUM IODIDE
----------------------------------------------------------------------------------------------------------------

ACCESSION CONTROL DAILY UNITS SUSPECT ROUTE DURATION AGE SEX REPORT Pall [NTNUMBER HUMBER DOSE DRUG ADM. THERP. SOURCE DUTCOM
- _----------------------------- _------------ _---------------- _---------------------------------------------- __E-- ----------------------------- ------------- ----------------

-

----------------------------------------------
ALL DRUGS

----- ::::::-= :::--- :::::::::::::: ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::--

_-------_

ALL REACTIONS
----------_-__--_--------___-- - --- - - -

_ -----------------------------------------------------------------
- ----------------_----------__---------------------- ------------_ i=-

--------------------- -

MESSAGE
---------------------------------------------------------.----------------------------------------------------- .t73040116001401 00049621 500.000 MG S PO 90001 083 F DOMESTIC RECOVERPOTASSIUM IODIDE '

ALLERG REACT
73040116001601 00049810 500.000 MG S PO 00001 019 M DOMESTIC UNKNOHNPOTASSIUM IODIDE t

() SALIV GLAND ENLARGE i
t

hj 73050202201801 00050248 010.000 M S PO 00001 060 M DOMESTIC RECOVER I

POTASSIUM IODIDE
ARTNRALGIA PAIN

73050107501801 00053931 040.000 M S PO 00004 053 M DOMESTIC RECOVER
'

PCTASSIUM IODIDE '
RASH VESIC BULL

73061000207101 00054676 060.000 M S PO U DOMESTIC UNKNOHNPOTASSIUM IDDIDE QUIBRON SbHYCIN HCL
SALIV GLAND ENLARGE

n 73110305000101 00056028 150.000 MG S PO 00014 037 F FOREIGN RECOVER
,
'

k POTASSIUM IODIDE
SALIV GLAND ENLARGE

73110107502901 00056258 040.000 M S PO 00365 023 M DOMESJIC UNKNOHNPOTASSIUM IDDIDE - ,
-

ACME
!73120201000101 00057454 . 030.000 M S PO 00003 074 M DOMESTIC UNKNOHN iPOTASSIUM IODIDE POLYCILLIN AMINOPHYLLINE !

PRURITUS RASH MAC PAP '

I
i
'

I

,

'

f

r
i

F

|

h

i

r
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FDA SPONTANEOUS REPORTING SYSTEM
CAUSE-EFFECT RELATIONSHIP BETHEEN EACH DRUG AND REACTION

CANNOT BE ESTABLISHED HITH CERTAINTY IN ALL CASES -

POTASSIUM IODIDE
----------------------------------------------------------------------------------------------------------------

ACCESSION CONTROL DAILY UNITS SUSPECT ROUTE DURATION AGE. SEX REPORT PATIENT'.
HUMBER NUMBER DOSE DRUG. ADN. THERP. SOURCE OUICONE

---- -------------------------------------------------__--_-_----------_---------------------------------------.-_--_- ------------ - ------------- --- _ - - - - - - - - - - - - _ - - - - - - - - _ - - - - - - - - - - --_----------------------------.-

ALL DRUGS
-------- - -------- . _ _ _ . _--- -_----------------------------------------------------------------_ --- .

___ -------- __ _=- _------- ____ ---- __=_-------------------------------------------------------------.

ALL REACTIONS
_ --_= _ ____ __----=- __=__ - - - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _. _= -----------------------.

- __--_------=-z- - - - - - - =-- ---------------------_------------------------------------------------------_-.

MESSAGE
_ ----_--- . _------- ___ - - - - - - - = - _ = = - - - - - - - _ -_ - - - - - - - - - - - - - - - - - _-----------------------.

74041000200901 00060089 S U DOMESTIC UNKNOHN
AARANE MARAX POTASSIUM IDDIDE

COUGH INC SPUTUM INC
74120707100503 00072041 S PO U DOMESTIC UNKNOWN

POTASSIUM IDDIDE AARAME
c.) GUITER .

030.000 M S PD 00004 046 M DDMESTIC RECOVERIf 75940301700301 00072618
POTASSIUM IODIDE

RASH MAC PAP
75060107506401 00075045 010.000 M S PO 00003 052 F DOMESTIC RECOVER

POTASSIUM IODIDE
VDMIT

80011100100201 00107326 S U DOMESTIC UNKNOHN
POTASSIUM IODIDE ORAGRAFIN CALCIUM

CONJUNCTIVITIS
NERPES-LIKE ERUPTIONS AND DRAINAGE FROM EYES.

84080801800011 00189743 003.000 M S OPH 00009 060 M DOMESTIC . RECOVER
POTASSIUM IODIDE ASPIRIN

CONJUNCTIVITIS PAIN EYE URTICARIA
EXTEMPORAMENOUPSLY COMPUNDED PRESCRIPTION FOR USE IN RETAIDING THE GRDHTH OF CATARACTS.

85031100100161 00332693 S PO 00002 046 F DOMESTIC HOSPITAL
POTASSIUM IODIDE PREMARIN .

FEVER NECR0 SKIN PAIN EYE PETECHIA
YX OF ALLERGIES TO STREPTDMYCIN, CHLORDIAZEP0XIDE. OCCUPATION:NURS'S AID.

91040801600011 00736496 S U DOMESTIC UHKNOHN
POTASSIUM IODIDE

REACT UNEVAL
POTASSIUM 10DIDE IS AN EXPECTORANT AND IS NOT USED AS A POTASSIUM SUPPLEMENT AS STATED IN THE REPORI.THE COMPLA
DISCOLORATION OF THE PRODUCT AND IT IS NOT AN ADR.

. _ _ _ _ _ . _ . _ _ _ - _ _ _ . _ - _ _ _ _ _ _ . _ - _ _ _ _ _ - - _ _ _ - _ _ - _ _ - _ - _ _ _ - - - - _ _ _ _ _ _ _ _ _ _ - _ - - - _ _ - _ - _ _ - - _ _ _ _ _ _ _ _ __ - _ _ - _ _ - _ _ - _ _ _ -
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FDA SPDHTANEOUS REPORTING SYSTEM
CAUSE-EFFECT RELATIONSHIP BETHEEN EACH DRUG AND REACTIDH

CANNOT BE ESTABLISHED HIIH CERTAINTY IN ALL CASES
POTASSIUM IODIDE

_________________. _____ ._.----.___.__- .________ _ _-_...__.... ________-----______-_..______.--__..._____ .___,
ACCESSION CONTROL DAILY UNITS SUSPECT ROUTE DURATION AGE SEX REPORT PATIENTNUMBER HUNDER DOSE DRUG ADM. TilERP . SOURCE. OUICOMC_________________.-__________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . -___...________________ -__________________________________.- .,_____________________ ___- - . . __ ____ .___________________.____________._______ __________.-_______-_______ _.

ALL DRUGS ._______- =--- ________ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

_ . . - _ _ _ _ _ _ _ _ _ _ _ _ . _ - _ _ _ _ _ _ _ _ _ _ - - = - - - - - . ___________________-. - - - - - - .__________--___- -. .______________-_ ____-_____ ___________._----__________
ALL REACTIONS

_ _ _ _ _ _ - - - - -

_ _ _ _ _ _ - - - _ _ _ _ _ _ _ _ _ - - - . - _____ . ________ -
* =_________.-______-___________.____- .-______

. _ _ _ _ _ _ _ - - . _ _ _ ~ _ _ _ - - - _ _ - - _ - _ _ _ _ . . _ _ - _ _ _ - _ . - _ _ _ - _ - _ - _ _ _ _ _ _ _ . . - _ - . _ _ _ _ _ - _ _ - _ _ _ . _ _ _ _ _ - _ _ _ - _ _ . - - . _ . - _ .
MESSAGE______ - _ _______-

- - - = _ _ _ - _ _ _ _ _ _ _ _ - - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - _ . . _ _ _ - - _ _ _ . . - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . . _ . .19121000100000 70009047 5 064 ft DOMESTIC UNKNDHilPOTASSIUM IDDIDE
RASH
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i APPENDIX D
!
;

; COST-BENEFIT ANALYSIS

:

{ Introduction
!
'

The rapid proliferation of commercial nuclear power in the 1970's gave rise to'

increasing concerns among policy makers to control radiation exposure to the worker and
j the general public. Policy decisions relating to radiation protection standards had to balance
'

the benefits of exposure reduction to the economic impacts of protective measures. As a
rule, whenever radiation exposures can be controlled by a protective measure, its.

endorsement by policy makers is linked to a favorable cost-benefit ratio. A major difficulty
-

! that is frequently encountered, however, is that the cost-benefit requires value judgements
| for which there are few points of reference, and on which administrative and political
! authorities must, nevertheless, take a stand. In 1972, Sagan (Sagan 1972) assessed the
'

human cost of nuclear power by establishing a monetary link between radiation exposure
and the primary health consequence of cancer. Applying the 1972 BEIR Committee's risk.

i coefficient of lod fatal cancers per person-rem to an assigned value oflife at $300,000, he
j established the monetary equivalence of $30 per penon-rem.

! Over the years, cost-beneSt analyses have adopted this or other simplistic models in
! which radiation exposure is directly converted to monetary terms. While this model
j approach may be appropriate for some applications, it is grossly inadequate for others. For

example, the previously cited 1972 figure of $300,000 would yield a current value of about
-

; $1 million for a human life. This value may be considered appropriate since it is well within
the range of values currently used by Federal agencies as discussed below.!

;

j The limitation of this model is demonstrated, however, when it is applied to complex
| situations such as the 1979 accident at the Three Mile Island Nuclear Station. Exposure to

the general public was esFmated at 3300 person-rem (Behling 1986). At $30 per person->

; rem, the total economic impact to the general public at the time of the accident would have
! been estimated between one-hundred and two hundred thousand dollars. For the complex
: condition of a major accident, the need for more soph'sticated models is obvious.
|

The first step in the conduct of an impact-value analysis is the identi8 cation of
: pertinent factors which constitute the cost and the benefit. Included are subjective factors !
| which must assess logistical / practical problems, public perceptions, etc. The second and |; more difficult requirement is the coherent quantification of all factors, inasmuch, as these l

| are not normally expressed in dimensionally-equivalent terms. When cost benefit
j parameters are expressed in their normal units, a highly subjective approach is required at

the final stage of decision making. A cost-benefit analysis, in which all parameters are!

; expressed in monetary terms, can support a more objective and defensible decision.

$
.
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i
! The quantification of gul for the protective measure can be obtained by the
; conventional method of assigning monetary values to materials, labor, and other resources '
; . needed. In special circumstances, however, the cost of providing a protective measure must

also incorporate a term which represents the potential harm associated with the protective,

measure itself. For potassium iodide prophylaxis, the cost of public protection must consider.

i the potential adverse reactions to KI that some individuals may experience (see Appendix
'

C).
1
)
' The assignment of monetary values to avoidable radiation health effects is less
! standardized and of considerable complexity. This appendix provides a comprehensive cost-
: benefit analysis which compares the programmatic cost of providing KI to the public to the
| avoidance of costs associated with radioiodine induced thyroid effects. In order to minimize
? the need for a subjective decision, all major elements which define the cost or the benefit

of KI prophylaxis are expressed in terms of their dollar value. |,

i

! The Econnmic Cast of K1 Pronhvlaria

|- Critical to a discussion of cost is the method by which KI is made available to the
j general public. The two principal options include stockpiling and pre-distribution and any
i policy decision must address the logistical and economic aspects for either option. Logistical
] considerations are governed by (I) the potentially short time interval between the initiating |
: events of a serious reactor accident and atmospheric releases of radioiodines and (2) the |
. need to administer KI prior to plume exposure for optimum thyroid protection. The i

j timeliness of KI availability is most critical to persons living in close proximity to a nuclear
| facility where potential plume exposures are maximal and plume travel times approach zero.
;

In spite of the apparent advantage of timeliness for the pre-distribution option, there
are limitations as well as disadvantages which include the following:

Accessibilitv - KI predistributed to households (and stored at the residence) may note
be readily available during times when residents are at work, school, etc.

Availability - At any point in time, there are transients as well as new residents to*

whom KI was not provided.

Loss or misplacement - Based on a 5 year shelf- life / replacement period, there is a*

significant probability that tablets will be lost or misplaced. J

Imoroner stormae - Improper storage may adversely affect its shelf-life and potency.e

!

Misuse and acridental adminictration - Ilke any pharmaceutical kept by a household, ]e

there is a potential for misuse and/or accidental administration.

Imoroner disoasal - For expired tablets, there is a loss of control for proper disposal.e

D-2
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For the stockpiling option, most of the disadvantages associated with pre-distribution !
#

are either eliminated or minimized. Under the direction of a State's emergency
'

,

; management staff, a program can be developed which provides for the necessary controh
j and oversight of stockpiles. Thus, the advantages for the stockpiling option include proper
j storage, controlled access to stockpiles, assurance of adequate replacement and proper

disposal of expired capsules.;

!

! With a properly trained emergency staff and an informed public, potential problems
| associated with a timely distribution of KI can be minimized. Timely distribution requires
; an adequate number of strategically located stockpiles within the community. Suitable
i locations would include police stations, fire houses, schools, community centers, hospitals
' and major health care centers, etc., from which an efficient localized door-tcxioor

,

distribution could be conducted or where residents themselves could procure the needed KI. I
|

Beyond logistical and practical issues, a major factor which must be considered in a
j policy decision that selects stockpiling, pre-distribution, or a combination of these two |

| options is cost.

A unique aspect of the stockpile option is that it is essentially transparent to the
public, and the cost of distribution to residents only becomes a reality in the unlikely event
of a major nuclear emergency. Thus, for the stockpile option, the principal cost is the initial
purchase of KI and its periodic replacement from the two FDA approved sources: Carter
Wallace and ANBEX. |

1

Carter-Wallace - At the current purchase price of $75.00/ carton, containing 100 vialse

with 14 tablets of 130 mg KI per vial, the cost per tablet is about 5 cents. With a
suggested 5-year shelflife (i.e., replacement period) and a 10 day supply (i.e.,10
tablets / individual), the annual cost of KI prophylaxis per individual is about 10 cents
for the stockpiling option.

ANBEX - The initial cost for 14 scored tablets of 130 mg KI in a moisture resistant*

blister pack is 60 cents per pack with a guaranteed four year shelflife. Thereafter,
annual payments of 15 cents per package would be required if, and only if, the
stockpiled product can pass required FDA tests for stability and effectiveness. The
annual stockpiling cost of KI procured from ANBEX would also be about 10 cents
per individual

4

Additional costs may include the amendment of existing emergency plans to include
pmtocols for distribution, public notificadon and training of the emergency staff. These
ore-time costs, however, are likely to be modest and may only margmally add to the
baseline purchase / replacement cost of KI at 10 cents per year per individual.

D-3
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For pre-distribution, the cost of dispensing KI tablets to residents is an integral part
of the program cost. Additionally, for a pre-distribution program to be effective, there has
to be a very comprehensive public relations program which not only informs the public of
the objectives of iodide prophylaxis and provides supportive information regarding safe
storage, proper usage, dosage, contraindications, etc., but also establishes public confidence.
In summary, the mst for pre-distribution of KI includes the purchase / replacement of KI, the
pre-distribution of tablets, and a comprehensive public information program.

An assessment of cost for the pre-distribution option an be derived from the
Tennessee pilot program in which State officials pre-distributed KI to residents within a 5-
mile radius of the TVA's Sequoyah Nuclear Power Plant. (For a detailed cost analysis of
this pilot project, see Appendix E of this report.) It is estimated that the cost of pre-

,

! distribution of KI to 3704 households around the Sequoyah Nuclear Power Plant was

| accomplished at $125,000.00. Conservatively assuming that within the 5-year replacement
i time there is no loss of KI or relocation of households and that the average household
j represents four individuals, a lower bound cost per individual for the pre-distribution option
; is estimated at $1.70 per year.
|

| The cost estimates for providing KI to specific population segments of the Reference
LWR are presented in Table D-1 for st~+=ilig with and without pre-distribution to the less
than 5-mile resident population.

Table D-1

Annual Programmatic Costs of KI Prophylaxis

; Distribution Options

| Stockpile Combination'
| Distance Number of segmc wst cumulative cost segment cost cumulative cost
! (miles) Individuals (x $1000) (x $1000) (x $1000) (x $1000)

| <5 10,699 1.1 1.1 18.2 18.2

5 - 10 55,142 5.5 6.6 5.5 23.7

; 10 - 25 468,472 46.8 53.4 46.8 70.5

| 25 - 50 1,820,3 % 182 235.4 182 252
!

50 - 100 4,713,000 471 706.4 471 723

100 - 150 7,855,000 786 1492 786 1509 ;

150 - 200 10,997,000 1100 2592 1100 2609 I

200 - 350 51,843,000 5184 7776 5184 7793 |

350 - 500 80,121,000 8012 15,788 8012 15,805

| ' includes pre-distribution for the < 5-mile resident population
.

I

J
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The Economic Benefit of KI Pronhvlaxis '

The " benefits" of protective measures commonly employed to safe-guard public
health, frequently involve the avoidance of disease, injury, or death. For such cost-benefit
analyses, the monetary equivalence of human illness and disease must be assessed for the

| patient, family, and society. The burden ofillness may include financial losses, pain and
suffering, reduced quality of life, and premature mortality. This collective burden may
extend to family members who must share the emotional trauma and economic losses

;

associated with morbidity and mortality. At a minimum, the economic benefits must
,

| consider the cost of resources used for medial are and the loss of human resources due !

| to morbidity, disability, and premature death. Additional consideration should be given to
; the impact of disease, injury, or death on the quality oflife for the affected individual and

family members. ;

i i

To aid decision makers in situations where allocations of resources can affect health
and life-expectancy, economists have offered several valuation methods. Methods and

| models commonly used to assess disability, impairment, and loss oflife in monetary terms ;
include, (1) publicly implied valuation, (2) court compensation, and (3) direct valuation by

.

the " cost ofillness" approach. These three approaches are briefly discussed below. I

Publiclv Imnlied Valuatian

It is clear that society uses implicit values in order to make administrative decisions
on resource allocations in areas where human bealth and lives are at risk. It is reasonable )

'

to conclude that administrative decision makers in their role as public servants, make
decisions from which a " social value" oflife an be calculated. In the most recent annual
report issued by the Office of Management and Budget (OMB 1991), the cost effectiveness i

of several Federal programs was assessed. The range of cost per life saved for three
.

Federal program areas are cited in Table D-2. Specific example values for medical and
trafBc safety programs are provided in Table D-3 and D-4, respectively.

Table D-2

Ranges in Publicly implied Valuations of Federal Programs *

Federal Program Area Range of Cost Per Life Saved (1991 $'s)

Highway Safety 63,000 - 3,300,000

Air Transportation Safety 100,000 - 1,600,000

Occupational Safety 100,000 - 74,000,000
|

* Reference: OMB 1991

| D-5
|
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Table D-3
t

j Publicly implied Valuation of Life-Saving Medical Programs ;

Program $ / Life-Saved 2

Cervical Cancer Screening 63,000

Breast Cancer Screening 204,000

Lung Cancer Screening 178,000
.

Colo Rectal Screening !
Fecal Blood Test 26,000 i

Proctosmpic Exams 76,000 |
'Hypertension Control 191,000

Kidney Dialysis $10,000
|

Mobile Intensive Care Unis
In Small Towns 153,000 (

2 Reference: Cohen,1980
2 Costs as presented in original reference were for 1975. Because health care costs

have more than doubled since 1975, these costs have been adjusted to 1991 $'s by
multiplying original costs by 2.55. '

Table D-4
;

lPublicly implied Valuation of Trame Safety Measures

Trame Safety Measure $ / Life - Saved 2
Improved Trame Signs 31,000 |

Improved Lighting 80,000

Upgrade Guard Rails 101,000

Breakaway Sign Supports 125,000

Obstacle Removal 160,000

Median Barrier 163,000

Impact Attenuator 167,000

Median Strip 181,000

Channels; Turn Lanes 290,000

New Flashing Lights at Railroad 295,000

Crossings
i

2 Reference: DOT 1984 |
i2 Cost:: are based on fatal accidents and assume that there are 1.1 fatalities per fatal

accident. Costs are expressed in 1984 dollars.
,

!
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|

|

L .
The relatively wide range in values is not surprising inasmuch as the only common

'

denominator is a reduction in mortality rates. Not reflected in these sets of cited values are
important variables which include, (1) average years oflife-lost per mortality, (2) the ratio
of mortality to morbidity / injury and, (3) property damage. Additionally, there may be a
host of value judgements which for example may include the potential contribution of the
victim by his own conduct, the degree with. which individual participation is
voluntary / involuntary, and the moral, ethim1, and/or legal obligation to provide protection.

]
|

The public's willingness to pay to save a "statisticallife,"(i.e., buy risk reduction), was
reviewed by the EPA. In a 1983 study, the EPA concluded that the public appears to value

l risk reduction at a cost between $600,000 and $9,900,000 per life saved (EPA 1983).

In summary, publicly implied valuations may serve as a reference. However, there
are too many ill-defined variables which obscure their direct application in assigning
definitive monetary values to thyroid related morbidity and mortality.

L Comnen== tion in Isaal Claima
!

| The second method commonly used to assess the monetary value ofinjury, morbidity,
| or death involves the legal system. In instances of medical malpractice, product failure,
i negligence, etc., the courts must frequently assess the monetary awards granted to the

injured party or the survivors. The Court's purpose and function is decision-making on the
basis of conflicting evidence. In court, the burden is on the plaintiff and defendant to
present information which is believable and accepted by the judge and jury. It can be
argued that the size of the awards of damages reflects society's values of mrnpensation for

| the " collective detriment" of a given situation involving injury or death. In addition to
| awards of punitive damages, compensatory awards determined by litigation (or out-of-court
| settlements) frequently represents the sum of medical costs, property damage, loss of
| earnings, and psychological factors involving pain and suffering, loss of quality of life, etc.
| An assessment of monetary judgements awarded plaintiffs in personal injury uses involving
) radiation and other injurious agents are discussed below (pages D-29 through D-34).

| The " Cast-of mness" Annrnach

The " cost-ofillness" approach is the third and last method discussed in this report.,

| Because it is the most common and defensible of the methods used among health-policy
; researchers and health care administrators, a more detailed analysis of this method will be
! provided. The " cost-of-Illness" approach was pioneered by Dorothy Rice, former Director

of the National Center for Health Statistia (Rice 1985), and is frequently used to assess the
economic burden of disease. In brief, this methodology is defined by three components
which include: direct medical costs; morbidity / mortality costs; and psychological costs.

|

,

!
3 D-7
,

4



.. - - . - . - _ _- _ -- . . .

|
|

|
'

Direct costs include resources used for medical care from the time of diagnosis until
|total recovery or death. Morbidity and mortality costs, when combined, are referred to as !

|

| indirect costs (Hodgson 1984). Indirect costs are the time and output lost or forgone by the
family members and others from employment (including imputed earnings for domestic

'

work), volunteer activities, and leisure. Lastly, morbidity and mortality invariably cause
| patients and family members to incur psychological cosa, such as pain and suffering, ;'

impaired function in personal relationships, and a general reduction in the quality of life. |
|

National estimates of the direct and indirect economic burden of neoplasms were !
originally reported for the year 1980 (Rice 1985). Direct costs were derived from data
collected by the Health Care Financing Administration which has estimated national health

| expenditures according to type of service (e.g., hospital care and physician services) and |
| source of funds (Gibson 1983). The direct costs of personal health care are summarized in i

| Table D-5 below. |

1
For 1980, the American Cancer Society estimated that there were over five million :

living Americans with a history of cancer, of which two million were diagnosed within the I
previous five years and with new cases occumng at the rate of 900,000 per year (ACS 1982). i

| For that same year, neoplasms required 26 million days of hospital care and 27 million visits
to physicians for diagnosis and treatraent. The total costs for medical care of neoplasms for
the five million cancer patients was $13.6 billion in 1980. This yields an average annual !

medical cost of about $2700 per cancer patient. i
|

i
,

Table D-5
i

Summary of Direct Health Care Expenditures for Neoplasms in 19807
!

(cost expressed in millions of dollars)

Hospital Physician Nursing Other Profess. !
Neoplasms Care Services Home Care Drugs Services Total
All Neoplasms 9,130 3,163 469 677 184 13,623 l

Malignant 7,462 2,264 430 166 10,32f-

Benign 1,667 900 2247 18 2,832-

2 Reference: Rice 1985
2 Does not include expenditures for Nursing Home Care. I

:

|

The indirect costs for morbidity were derived from work-loss days due to illness data
obtained from the National Health Interview Study. Morbidity costs of neoplasms were
estimated for the currently employed, persons not institutionalized, who were unable to,

work, and women unable to keep house because ofillness or disability (Table D-6).

I
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" Table D-6

: Summary of Morbidity Costs of Neoplasms
(in millions of dollars)

't

) Currently Unable Keeping

j Type Employed To Work House Total

All Neoplesms 1017 1205 342 2563

; Malignant 582 1096 205 1882

Benign 435 109 137 681

| 2 Reference: Hodgson 1984

I Morbidity and disability from neoplasms in 1980 resulted in nearly $2.6 billion of
output and productivity forsone as measured wages and salaries of idled labor and

,

| housekeepers. Morbidity losses from malignant neoplasms were nearly three times those
L of benign neoplasms. For each of the Sve million living cancer patients in 1980, the average
; indirect cost due to loss of economic opportunity was $512 per year.

*

Iastly, the indirect costs due to cancer mortality were based on estimates of the
: number of years lost to premature cancer induced deaths using cancer-mortality data from i

the National Center for Health Statistis (Table D 7). The number of years lost for each'

; age / sex category was multiplied by the expected earnings for each category, including
i,nputed value of housekeeping services. For the 422,702 persons who died from neoplasms

,

h.1980, it is estimated that their premature death represented a total of 6.8 million person-
years lost. The average number of years lost per individual was estimated at 14 for males'

)!
and 18 for females. These values yield an average monetary value of about $64,000 per
premature cancer death or about $4000 for every year of life lost.

i-
Table D-74

Summary of Mortality Costs for Neoplasms in 1980
(in millions of dollars)

'

Both Sexes Males Females

i All Neoplasms 26,994 15,713 11,280

i Malignant 26,506 15,438 11,068

Benign 488 275 212

&

5
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The economic impact of neoplasms for 1980 were updated for the year 1985 (Rice
1989) and more recently for 1990 (Brown 1990). Table D-8 is a summary of the direct and
indirect costs of neoplasms for 1990.

Table D-8

Estimated Direct and Indirect Costs for Neoplasms for 1990

Cost for 1990
| Cost Category (millions of $)
L Direct Costs 35,256

Elignant . 29,328 :
Benign 5,928 i

! Indirect Costs
,

'Morbidity 11,896

Wlignant 9,895 |

Benign 2,001

Mortality 56,788

mlignant 55,127 :

Total (Direct and Indirect) 103,940

mlignant 94,350
t

Benign 9,590

While the above cited prevalence-based data provides useful information regarding
the economic burden incuned for a given year for various diagnostic groups of neoplasms, j

this type of information is not without criticism (Robinson 1986; Shiell 1987) and has a '

limited value in the application of a cost benefit analysis (Weinstein 1986).

A frequent criticism of the prevalence-based approach is that it represents the
aggregate economic burden of direct and indirect costs incurred only in the current year due
to all prevalent disease in that same year.

,

It is generally assumed that a cost-benefit analysis is more accurately defined by an
'

-incidence-based" cost which represents the direct and indirect costs of a disease as they
occur from the time of diagnosis until recovery / death. These dated costs can then be
summed, using the economic principle of discounting. In principle this states that when
costs to be incurred in the future are discounted, they are reduced when compared with
current costs in order to account for the fact that dollars invested in productive resources
today will yield returns in the future. A discount rate of 5% is commonly used in cost-
beneSt studies of health are issues (Luce 1990).

|

|
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| Federal agencies are currently coordinating efforts to construct incidence based cost-
of-illness estimates (Brown 1990). This involves the linkage of data between NCI's

| Surveillance, Epidemiology, and End Results (SEER) Program, and the Medicare program
| files maintained by the Health Care Financing Administration (HCFA). The successful

linkage of these data bases willin the future, provide cost estimates ofillness on a patient
by patient basis from the time of diagnosis to the time of death or total recovery.

Preliminary direct cost-of-illness data have recently been obtained on this basis |
(Baker 1989). From the continuous Medicare History Sample File (CMHSF) maintained
by the Health Care Financing Administration, 125,832 individuals were identified with an
' initial" diagnosis of cancer among the 1.6 million CMHSF sample cohort. Data analyzed
for these Medicare beneSciaries included costs for inpatient hospital stays, skilled nursing

'

facility stays, home health agency use, physician services, and out-patient care. Costs were
assigned to three time intervals; (1) initial treatment (i.e., first three r anths following
diagnosis); (2) continuing care (i.e, interval between initial and terminal treatment); and

,

(3) terminal treatment (i.e., final six months prior to death).
|

Table D-9 lists phase-specific treatment costs for each of the 13 cancer diagnostic
groups.

,

|
!

!
:

.
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Table D-9

| Charges Made to Medicare for Treatment During the
| Initial, Continuing, and Termmal Phases of Cancer of 13 Sites
; (in 1984 dollars)
'

-

Cancer Phase

Initial Continuing Terminal
Cancer Site (3 months) (Monthly) (6 months)
Colorectal $14,190 (%.57 $572 $15,776 (222.3)
Lung 12,916 (147.1) 690 15,565 (273.1)
Prostate 8,112 (69.4) 560 14,613 (283.2)
Breast 7,606 (58.1) 483 15,136 (301.9)
Bladder 8,470 (122.2) 766 18,577 (447.3)
I2ukemia 9,068 (307.7) 676 19,777 (692.9)
Pancreas 14,009 (468.5) 677 14,790 (737.9)
Stomach 14,443 (314.7) 660 16,132 (639.5)
Uterine Corpus 9,260 (134.8) 424 17,623 (741.2)
Kidney 12,608 (241.1) 670 19,302 (994.2)
Ovary 11,055 (272.5) 647 18,650 (867.9)
Uterine Cervix 8,979 (269.6) 493 16,414 - (924.6)
Melanoma 6,954 (201.8) 488 16,194 (905.9)
All sites

combined 10,039 (35.1) 578 16,280 (98.7)

* (Standard error of the mean)

Initial treatment of a cancer varied in average cost from about $7,000 for melanoma
to more than $14,000 for digestive system cancers. Differences in initial costs are thought
to reflect the extent of surgery involved as well as the need for short-term post-surgical care
representing the 13 macer sites. Continuing care costs do not show as much variation by
site as do initial treatment costs. Continuing care costs were, however, defined per unit of
time (i.e., month) and provide no cost estimate for the full duration. Terminal care costs
show the least variability by site, when mmpared to the initial or continuing care phases of
ancer treatment The weighted average direct costs for all cancer sites yielded values of
$10,039 for the initial, $578 per month for continuing, and $16,280 for tenninal care of
cancers expressed in 1984 dollars.
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Conclusion

For a cost benefit analysis involving radiation induced thyroid disorders, currently
available incidence-based cost-of-illness data is neither sufficiently detailed nor complete. |
This is due to the following reasons: (1) thyroid neoplasms have not been identified as a ~ '

distinct cancer category, (2) costs such as prychological costs have not been quantified for
any cancer site and (3) even ifincidence based thyroid cost values were extracted from the
CMHSF data base, these values would require extensive modification to account for a shift
in age: CMHSF prevalence-based cost-of-illness values presented above correspond to
spontaneous occurrmg/ idiopathic cancers in the U.S. population. On the average, thyroid
cancer induction by accidental exposure to radioiodine'would undoubtedly occur at a
younger age than spontaneously occurring thyroid cancers. This shift in age would have a
significant impact on indirect costs.

i

In summary, there cunently exists insufficient incidence-based data for quantifying |

costs for thyroid disorders. In order to assess the cost-benefit of KI prophylaxis, the author
of this report considered it necessary to derive cost estimates for each thyroid disorder, on

;

the basis of (1) direct medical expenditures, (2) individual costs resulting from the loss of '

economic opportunities, and (3) psychological costs imposed by the intangible impacts of the
ithyroid disorder. The derivation of these monetary values is presented below,

i

!

|
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| Derivation of the Monetary Value of Avoidable Thyroid Health EfTects
i

! l

:
'

{ Derivation of Direct Costs

, Direct cost estimates of radiation-induced thyroid illness include medical costs
i

j associated with the initial diagnosis,. treatment of the disease, and the long-term '

'

management, surveillance, and care of the patient. Estimates of costs for relevant diagnostic
,

2 procedures, treatments, hospitalization, etc. are based on 1991 Government and private
insurers' reimbursement schedules defined by Physicians' Current Procedural Terminology,

.
(CFT) Codes. CPT is a listing of descriptive terms and identifying codes for reporting

i medical services and procedures performed by physicians under Government and private
i health insurance programs. Additional information was obtained from the Health Care
j Financing Administration Division (HCFA) of the U.S. Department of Health and Human

Services. The HCFA maintains a computer data base which identiSes current health care |
*

! costs for specific Dianamic Related Grouns (DRGS). DRG 290 identifies surgical l

| procedures involving the thyroid. :
'

!

) Thyroid Nodules. Table D-10 identifies specific costs elements for a benign nodule
,

! which may or may not require surgery. Costs are segre&ated on the basis of belongmg to |
| the initial diagnosis, treatment, or long-term follow-up. For long-term follow-up of patients, j
j an average residual life-expectancy of 30 years is assumed followmg the initial diagnosis of ;

a nodule. Estimates of costs for long-tenn patient management and surveillance include
]

4

routine office visits, hormone replacement therapy, and diagnostic procedures. For a benign ;
. thyroid nodule which does not require surgery, a lifetime medical cost of $5148 to $7375 was
! identiSed. When surgery is required, direct medical costs for a benign nodule range
; between $11,820 to $14,047. For either situation, the upper value reDects the discretionary
j- use of ultrasound for patient evaluation. i

|
: 1

:
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Table D-10
,

Medial Costs for Benign Thyroid Nodule
'

i

Nodule Without Nodule With
; Surgery Surgery
'

Medical Services CPT Code Cost ($) Cost ($)
and Procedures

.

Dupmu|

! - Consultation 99243 87 87
- Iaboratory

Free T, 88439 29 291
'

TSH 88433 42 42
'

- Nuclear Medimi Scan 78011 99 99

: - Ultrasound 76536 73 73

- Needle Aspiration 60100 60 -

; - Cytology 88173 59 -

| Treatment (Surnerv)
- Consultation 99243 N/A 87
- Anesthesia 00320 N/A 460,

- Lobectomy 60220 N/A 627
- Surgical Assistant 88331 N/A 125.

j - Pathology
j Frozen 88331 N/A 32

Pennanent 88307 N/A 60 |
- Hospital (DRG 290) N/A 5400 |

Follow-un Evaluation
*

: - OfHce Visits 99213 1190 1190
'

- Laboratory,

; Free T 88437 986 9864

| TSH 22433 1428 1428
~

- Medication (Thyroxine) 1095 1095-

- Ultrasound 76536 2227 2227
i (Discretionary)

'IDTAL DIRECT COST
1. O W : $5148 311,820

HIGH: $7375 $14,047

2
Follow-up evaluation assumes an average of 30 years of residual life-expectancy
following initial diagnosis of benign nodule. Patient follow-up evaluations are 4 times
in first year,2 times in second year, and once a year for the remaining 28 years.
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!.

! Thyrold Cancer. The major cost difference between a thyroid cancer and a thyroid
i nodule is the need for aggressive treatment of the former. Table D-11 cites medical costs

for a thyroid malignancy which is estimated to range between $15,413 and $19,348. This
! range in cost estimates may, nevertheless, be low in instances where residual thyroid tissue :

'

is suspected of malignancy following an initial course of treatment. In cases of persistent
suspected malignancy, additional I-131 therapies and associated procedures and services are

; required. It is estimated that each additionalI-131 therapy would increase the total cost by
about $4000. In rare instances up to 10 separate therapeutic treatments may be required1

; for the total eradication of malignancy.
!

! For the 10% of thyroid malignancies which are fatal, cost estimates are adjusted to
! reflect (1) the reduced follow-up period of medical care and (2) the tenninal patient care

costs. Based on mean survival times of papillary and follicular thyroid cancers, the mean
,

follow-up period of 35 years assumed for non-fatal cancer is reduced to about 9 years. From
the previous Table D-9, it was conservatively estimated that the average terminal care of-

a cancer patient costs about $16,000.,

! !

| Given the variable options available for the treatment and management of thyroid
1 malignancies and the range of virulence which may require multiple therapeutic treatments !
| with I-131 or result in premature death, the following direct costs were assigned to thyroid |

j cancer

Non-fatal Thyroid Malignancy = $20,000
: Fatal Thyroid Malignancy = $32,000
i

!
,

.

i !

!
1
i

d

!
4

f

:

i
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Table D-11
Medical Costs for Thyroid Cancer

!
Meoical Services and Procedures CPT Code Costs (8) '

Dinanos1s
- Consultation 99243 87
- Laboratory: Free T. 88437 29

TsH 88433 42
- Nuclear Medical Scan 78011 99
- Ultrasound 76536 73

Treatment
!suroery

- Consultation 99243 87
- Aneathesia 00320 576,

i- Tetal Thyroidectomy 60252 975 i

- surgical Assistant 195----

- Pathology: Frozen 88311 32
Permanent 88307 60

- Hospitat (DRG 290) 5400
1-131 Ablation Thernov
- Consultation 99243 87
- Laboratory: Free T. 08437 29 I

TsH 88433 43 l

* Nuclear Nad., Neck & Chest
* Survey

. 78015 115
- (2-10 sci 1-131) 79900 90-120

- I-131 Therapy 79035 129
- (100-200 sci 1-131) 79900 564-1064 )- Hospital (pag 290) 1350 '

Initial Follow-uo
- Hormone replacement

Consultation 99213 35
4

Laboratory: Free T. 88437 29 !

TSH 88433 42 |- Effectiveness of I-131 Therapy |Consultation 99213 35 j* Laboratory: Free T. 88437 29
,

TSH $6433 42 {Thyroglobulin 86318 19
Neck & Chest Survey 78015 115
- (2-10 act 1-131) 79900 90 120

- Follow-up Hospitalization for
I-131 Therapy

Consultation 99221 110
1-131 Therapy 78015 115

- (100-200 att 3 131) 79900 564-1064
Hospital (DRG 290) 1350

Lono-Tera Follow-up Eval. (35 yr)
- Minimum follow-up at 1-3 yrs. LVI or MOffice Visit 99213 420 1225

Laboratory: Free T. 88437 348 1015
TSH 88433 504 1470
Thyroglobulin 88318 228 665

- Thyroxine (35 years) 1277----

TOTAL O!RfCT COSTS
LOWCR RANGf Co$7$: $15,413 - $19,348
UPPER RAffit Cost 5: > $50,CK)D*

*

For some thyroid malignancies, several repeat 1-131 therapeutic treatments are required for total
eradication of malignancy. Each therapy which includes a battery of sedical procedures / services, and
hospitalization is assigned a cost of 54000.
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. Hvoothyroidhm. Medical cost in cases of radiation induced hypoth>Toidism are
i

limited to initial diagnostic tests which confirm the reduction or loss of thyroid function,
hormone replacement and management, and follow-up evaluation of thyroid status. Specific
cost elements are identified in Table D-12. Cost estimates are based on a 35 year life-
expectancy following the diagnosis and Ice of thyroid function. For hypothyroidism, medical
costs are estimated at $5669.

Table D-12

Medical Costs for Hypothyroidism

Medical Service or Procedure CPT Code Cost
($)

Diagnosis

- Consultation 99243 87

- Laboratory: Free T, 88439 29
TSH 88433 42

- Nuclear Medicine Scan 78011 99

Follow-up Evaluations * (35 yr)

- Office Visit 99213 1365

- Laboratory: Free T, 88439 1131
TSH 88433 1638

- Hormone Replacement 1278 !-

(medication)
;

TOTAL DIRECT COSTS: $5669

* Assumes 4 times in first year,2 times in second year, and once for remaining
years.

Table D 13 provides a sumrrary of direct medical costs estimates for the four radiation
thyroid effects under consideration.

1

I
|
|
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;

!

Table D-13

Summary of Direct Medical Costs
1

! Total Direct
Thyroid Disorder Cost ($) -,

'

Thyroid Nodule * 9600

| Thyroid Cancer
#

- Non-fatal 20,000

| - Fatal 32,000

| Hypothyroidism 5600
;

*

assumes that 50% of nodule require surgery,
,

; ;

{ Derivation ofIn<limet Costs
:i

! Loss of Time. Indirect costs principally reDect the time and output lost or forfeited
by the patient due to illness, permanent disability, and premature monality. Indirect costs!

; may also be incurred by individuals other than the patient who may forego economic
; activities to accommodate a family member's illness. Economic activities include ,

! occupational work that is lost to either the patient or his/her employer, as well as non-
i occupational (e.g., domestic) work which must be performed by someone else at the expense
; of the patient. For illness, the loss of time from economic opportunities corresponds to

three discrete stages:i

4

; (1) Illness - The period of time during which the thyroid dysfunction becomes sufficiently
; symptomatic and prompts the individual to seek medial evaluation, and treatment.
| During this time the patient may physically suffer from either hyper- or hyposecretion
! by the thyroid gland.
:

Hypersecretion by the thyroid due to a toxic nodule / cancer may be
manifested by nervousness, weight loss, heat intolerance, tachycardia,

'

: palpitation, diarrhea, tremor, and muscle weakness.

i Hyposecretion due to ablation of the thyroid gland may be manifested by
; slowing of mental processes, lethargy, weakness, cold intolerance, dry skin,

constipation and possible myocardial insufficiency.;
;

Either of these conditions is likely to render an individual physically unfit for normal
work and leisure activities.

4
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1

; (2) Treatment - Thyroidectomy and therapeutic administration of I-131 require;

hospitalization and convalescence; radioiodine therapy also requires that a patient
is first rendered hypothyroid.

:

(3) f ana-Term Mannaement - following treatment, the patient in most instances, is
! subject to a life-time dependency on daily doses of thyroxine and must be periodically
i

monitored for proper dosage. The patient must also be monitored for the recunence
of nodule / cancer. Patient management and surveillance requires routine office visits -,

and clinical evaluation. It is estimated that office visits and out-patient clinical,

i evaluation on the average, represents a loss of I day per year for the life of the
j patient.
i

i- Table D.14 provides estimates of the average total number of days lost from
j economic activities for the various thyroid dmorders.
|. .

! Table D-14
:
j Time I. cst From Economic Activities
} Due to Radiation Induced Thyroid Illness
4

J

! Time I. cst (Days)
!

4 Thyroid Diagnosis / long-Term
j Disorder Illness Treatment Management Total

,

j Thyroid Nodule 14 14 30 58
:- Thyroid Cancer
! Non-Fatal 14 14 35 63'

Fatal 14 14 10,731 =10,7502

Hypothyroidism 14 7 35 56

2

For a fatal malignancy, this value represents loss oflife-expectancy. See discussion
below.

The number of days appropriated to long-term management of the disorder are based
on the average remaining years oflife following diagnosis and latency periods previously
identified. A special case involves a thyroid malignancy which may result in premature

jdeath.

Years of Lifp f at to Malienant Thyroid can~r. Radiation-induced thyroid cancers
are essentially confined to the papillary and follicular kind. The proportion of papiiJary and
follicular thyroid carcinomas when induced by radiation are assumed to be 90% and 10%,
respectively (Beach 1%2). The fatality rate for this ratio of thyroid carcinomas is assumed

|

i
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!-
to be about 10% which, therefore, results in years oflife-lost. The times at which deaths |

,

;
'

from papillary an_d follicular thyroid macer occur following diagnosis have been documented |
| by McConahey (1981) and Cady (1976) who collectively analyzed a population of 1595

ithyroid cancer patients treated between 1931 and 1971. The distribution for the time of :
!~ death for each of the cancer types as well as their weighted mean values are provided in !
; lable D-15. 1

:

Table D 15 !
'

i Time Distribution of Deaths Due to Papillary
i and Follicular Carcinoma of the Thyroid

{

! Time after Papillary Follicular Weighted Average
: Diagnosis (Years) (%) (%) Value (%)
? :

j 1-5 44 51 44.7*

i

6 - 10 22 17 21.5 i
; 11 - 15 10.5 8.5 10.3
i

i 16 - 20 3.5 20.5 5.2
c
! 21 or more 20 3 18.3 i
;

| TOTAL 100 100 100

|
! Using the midpoint of time-intervals and the corresponding percentage value as a '

: weighting factor, an overall mean survival time of 9.3 years following cancer diagnosis can
j be estimated. From 1990 United States population data (see Chapter 3, Table 3.3) and a
; cancer induction of 5 years, it can be estimated that the average number of years lost per
{ fatal thyroid cancer is 29.4 years or 10,731 days. ;

t

i

The Indirect Cast ofImnniement. In addition to time lost from economic activity due
{ to illness, treatment, long-term management of the disease, and premature death, a patient

_

! may also be permanently impaired and/or disabled. Permanent impairment or disability can
reduce a patient's ability to be fully effective in occupational or economic activities and

'

j must, therefore, be included in assessing the total indirect cost.
i
'

The American Medical Association has published Guides to the Evaluation of
Permanent Imnairment (AMA 1990) which provides a reference framework within which,

; physicians may evaluate and report medicalimpairments. Various terms used in the Guides,
i such as " impairment", " disability", and " handicap" appear in laws, regulations, and policies
} of diverse origin and without consistent definition. The Guides define these terms as
j follows:
Y

!.
t D-21'
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Impairment an alteration of an individual's health status that is assessed by medical j|
' e

means..

| e Disability - an alteration of an individual's capacity to meet personal, social, or
occupational demands. Disability is assessed by non-medical means.

4

The Guides amplify these definitions by stating that:1

"
' impairment' is what is wrong with a body part or organ system and its...

function; ' disability' is the gap between what the individual sat do and what.

the individual would have been able to do or needs to do. Thus, an individual
'

who is ' impaired' is not necessarily ' disabled'. Impairment only gives rise to
i disability when the medical condition limits the individual's capacity to meet

- the demands oflife's activities. For example, losing the distal phalanx of the )
4

; little finger, right hand, willimpair the function of the digit and hand of both 1

a concert pianist and a bank president, but the bank president is less likely to |

be disabled than the pianist."4

i *The concept of ' handicap' is related to, yet independent of the terms
' impairment' and ' disability', although some use it interchangeably with these
terms. Under provision of Federal I.aw, an individual is identified as
' handicapped' if he or she has an impairment that substantia!!y limits one or
more of life's activities, has a record of such impairment, or is regarded as

{having such an impairment."
'

On the basis of these definitions, the economic impact of thyroid disorders on
indirect costs is most objectively assessed in terms of their permanent medical impairments.

'

The AMA provides guidelines for evaluating permanent medicalimpairment of the thymid.

'

due to hypothyroidism from radiation exposure or thyroidectomy (AMA 1990).

Class 1 - A patient belongs in Class I when; (a) continuous thyroid therapy is;

required for correction of the thyroid insufficiency or for maintenance of normal,

! thyroid anatomy, and (b) there is no objective physical c r laboratory evidence of
inadequate replacement therapy.

Class I level ofImpairment of the Whole Person: 0 - 10%

Chss 2 - A patient belongs in Class 2 when, (a) symptoms and signs of thyroid
disease are present, or there is anatomic loss or alteration and (b) continuous thyroid>

hormone replacement therapy is required for correction of the mnfirmed thyroid
insufficiency; but (c) the presence of a disease process in another body system or
systems permits only partial replacement of the thyroid hormone.,

D-22
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:

:

! Class 2 level ofImpairment of the Whole Person 15 - 20%
s

|
,

| In this report, the central value of 5% for Class 1 pennanent impairment will be ;
$

applied to the permanent hypothyroid conditions which are likely to result from (1) high :
i radiation exposure doses received accidently, (2) from the radiotherapy treatment for toxic !
i nodules /ancer, or (3) the surgical removal of nodules / cancer. It will further be assumed
i that this 5% medical impairment results in a 5% disability for occupational and non-

|
occupational economic activities for the affected individual, family members, and/or society. !

.

i ;

: Up to this point of the discussion, indirect costs have been quantified in terms of i

i time lost. The conversion of time lost from economic activities to equivalent dollars is most >

; fairly achieved by means of the Gross Natianal Product (GNP). The GNP is considered the j

most comprehensive measure of the country's economic activity and includes the market. .

i value of all goods and services that have been bought for final use during a year. From the
'

; G ross National Product of $5200 billion in 1989, the gross average annual per capita income
F of about $21,000 is derived. This value of $21,000 per year can be used to detennine the
; couivalent dollar value for the number of days lost over the lifetime of an individual ;

; affheted with a thyroid condition. This value can also be applied to determine the
|| equivannt value of a 5% permanent disability (Le., a 5% disability equates to deut $1000 ;

annually in reduced income). Table D-16 provides estimates of the total average indirect,

{ costs ==saciated with thyroid disorders.' i
.

1

Table D-16-
>

,

Average Ilfetime Indirect Costs-

] Associated with Thyroid Disorders !
t

,

i Ilfetime Indirect Costs ($)
.

Thyroid Duorder For Time lost For Disability (5%) Total <

t'

Thyroid Nodule 3337 30,000 33,337
,

i Thyroid Cancer {
Non-Fatal 3625 35,000 38,625 '

Fatal 619,586 9400 628,986,

i
Hypothyroidism 3222 35,000 38,222

.

.

J
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j Derivation of Psycholonical Costs ;
; i

! Disease may bring about numerous changes and impositions in the lives of the patient t

[ and family memben that may in part be linked to, but are not reDected in the direct and j
j indirect economic costs identified above. The wide variety of deteriorations in the quality i

; of life (QOL) brought on by illness are frequently referred to as psychological costs. For
thyroid neoplasms and dysfunction, a deterioration in the quality oflife may be precipitated

,

by the loss of bodily function, a lifetime dependence on medication, hormonal instability, !
,
'

disfigurement from surgical scan, the uncertainty of normal life expectancy, and reduced
; financial security. In characterizing psychological costs assodated with disease, Thomas :

!- Hodgson (Hodgson 1984), chief Economist for the Department of Health and Human i
Services' Office of Analysis and Epidemiology states: j

Ii'
" Disease may bring about penonal catastrophes . . . to the victims ofillness, )

; . . . children, spouses, and siblings of victims, friends and co workers of I

; victims; and those who render care may all be affected. A victim may suffer :
j a loss of a body part or speech, disfigurement, disability, impending death, i

| pain, and grief. He and those around him, may be forced into economic ]
: dependence and social isolation, unwanted job changes, loss of opportunities j

| for promotion and education, relocation of living quarters, and other j

g undesired changes in life plans. The environment created by illness often
; induces anxiety, reduced self-esteem and feelings of well-being, resentment,
; and emotional problems that often require psychotherapy. Problems ofliving
! may develop, leading to family conflict, antisocial behavior, and suicide. The
! victim and others may experience marked penonality changes and reduced
; sexual function. Disrupted development and delinquency may occur among

children. The quality oflife may be reduced beyond restorative capability of
i current rehabilitation efforts. The combination of financial strain and
| psychological problems can be especially devastating."

!

| OnHtative Elements Affeedam OOL Due to the fact that quality oflife issues have
i only recently solicited a formal interest among health care professionals, QOL data is both
| sparse and lacks standardization. In July of 1990, the National Institutes of Health (NIH)
; conducted a workshop on the quality oflife assessment in cancer clin 121 trials (NCI 1990),
j Among the major oblectives of the meeting were to define discrete quality oflife elements
i and to identify currently available instruments (i.e., methods) for QOL assessment. The
L workshop group consisting ofinternational experts concluded that (1) the quality oflife of

patients is affected by both the disease and by the treatment of the disease and (2) that
3

j quality of life is a multi-dimensional concept which must be evaluated by a set of

j instruments (i.e., methods) which measure both broad issues and disease / treatment specific
i

1phenomena.
3
4

} Data on a number of QOL dimensions have been collected from among cancer
i patients (Kaplan 1990; Patrick 1989; Patrick,1988). The most frequently cited dimensions
!

1
:

1

i
4

!
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|
|

!
'

which characterized the quality oflife include (1) physical symptoms of pain and discomfort, ;
(2) functional ability, (3) family well-being (4) emotional well-being, (5) spirituality, (6)
fmancial concerns, (7) future orientation (planning and hope), (8) sexuality / intimacy
(including body image), (9) social functioning, and (10) oo upational functioning. Research ;

over the past 20 years has also identi6ed a host of socio economic variables which modulate j
these quality oflife dimensions (Mor 1987; Teta 1986; Houts 1986). Given the literature,

i

there is justification to identify age, gender, marital status, educational level, religious |
beliefs, employment and economic status, and the number of children living at home as
crucial variables which affect changes in the quality oflife imposed by a given disease. '

Onantitative Methade for OOL Assemament. Various questionnaires and protocols 1

inclusive of psychometric evaluation have recently been developed and have been used in
clinical trials to provide QOL measurements among cancer patients (Schag 1990; Ganz 1990;
Schipper 1984) and patients with chronic debilitation medical conditions (Stewart 1988 and,

j 1989; McCorkle 1983 and 1989).

QOL measurements which speci6cally deal with thyroid cancer and/or thyroid
dysfunction are not currently documented. Additionally, available quality of life

| measurement data frequently focused not on the disease itself but on speci6c treatment
options in which the risks and bene 6ts of the treatment were assessed relative to their
impact on the patients' lives. Factors mnsidered in these studies included treatment toxicity,
physlal dis 6gurement, and bodily / sexual dysfunction. Not surprisingly, therefore, among|

| the limited number of clinical studies the most frequently evaluated cancers with regard to
; QOL issues are those that involve the lung, female breasts, ovaries, and prostate.

! In summary, while various QOL measurement protocols have been developed and
used to aid health care practitioners in clinical decisions, no standard format exists which

'

would allow such measurements to be used for economic or other non-clinical purposes.
Of limited application is the Social' Security Administration's (SSA 1985) guidelines for
assessing impairment due to mental and behavioral disorders. (The term " limited" refers
to the fact that mental and behavioral disorders are but two of several dimensions which

!

may characterize QOL changes.) Severity is assessed in terms func6onal limitations on
activities of daily living; social functioning; concentration, persistence and pace; and adaptive
functioning in response to stressful circumstances. Table D-17 provides the SSA's guide for
rating impairment in each of the four areas of functional limitation on a Sve-point ordinal

|
scale, ranging from none to extreme:

None means there is no impairment noted in this area of function| e

Mild implies that any impairment that is discerned is compatible with most useful| e

function !

Moderate means that impairments that are found are compatible with some but ante

all useful functions
Marked is a level of functional impairment that sign 16cantly impedes useful functione

Extreme signiSes that the impairment is not mmpatible with useful functione
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!

i Table D-17

Social Security Administration's Guidelines for Assessing Impairments,

|

! Area of Fw,ctten CLane 1 CLane 2 CLees 3 CLaos 4 CLaos 5
No impairment Mild Impairment Moderste Marked Extreme

tapeirment Impeireent Impeirment
,

'

Activities of No lapairments lapstroent Impetreont tapeirment
Daily Living impairments Levels Levels levels levels preclude,

i noted compatible with compatible with significantly useful function
'

Social most useful some but not ELL impede useful
j functioning function useful function function

Concentration

Adaptation

.

! To illustrate these ratings, extreme limitation in activities of daily living implies
j complete dependency on another for personal care. In the area of social functioning,

extreme impairment implies that the individual engages in no meaningful social contact. An1

{ extreme limitation in concentration, persistence, or pace means that the individual cannot
j contribute to conversation or any productive / occupational tasks at all. In an otherwise
; ordinary individual, a lingle area of extreme impairment would be likely to preclude
| performance of any complex task, such as recreation or work. Inn or more areas of

marked limitation would also be likely to preclude performance of complex tasks without
; special support or assistance. An individual who was impaired to a moderate degree in all
'

four areas of function would be expected to be limited in many, but not all, complex tasks.
Mild . and moderate limitations reduce overall performance but do not preclude

j performance.
!

| The AMA warns, however, that:
i

i " Translating these guidelines for rating individual impairment on onimal scales
; into a method for assigning percentage impairments, as if the ratings were

made on precisely measured insenal scales, is not recommended. For
; example, we cannot be certain that the difference in impairment between a

| rating of mild and moderate is the same as the difference between moderate
and marked. Furthermore, a moderate impairment does not imply 50%:

! limitation in useful function. Similarly, a rating of moderate impairment in
all four areas of function does not imply a 50% impairment of the whole

j person. In reality, however, physicians often are required to make such
i judgments. It is important to remember that such judgments are based on

,

clinicalimpression rather than on empirical evidence. In those circumstances i
!

! in which it is essential to make a percentage rating, the ordinal scale might
;

be of some help: one could assume that the extreme rating approaching i
i

j 100% mental impairment is similar to a coma, which is the extreme !
impairment of central nervous system function and level of consciousness.

'

i
'

.
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|

Eventually research may support the direct link between medical findings and
'

; . percentage of mental impairment. Until that time the medical profession
must refine its concepts of mental impairment, improve its ability to measure,

; limitations and continue to make clinicaljudgments."
|;

In the absence of thyroid-specific clinical data, as well as a standardized generic
protocol for assessing QOL dimensions, the author of this report consulted with medical

;

professionals experienced in the diagnosis, treatment, and surveillance of patients with
thyroid cancers.

'

;

) Consensus opinion of several qualified physicians is that the QOL impact of thyroid
| cancers, in general, ranks low in comparison to most other ancers. This view is supported

by the fact that thyroid cancers of papillary or follicle cell origin have a relatively low;

; mortality rate and patients are reassured of a high survival probability. In addition to a
;

good prognosis, treatment for a primary thyroid cancer (i.e., thyroidectomy and/or
radiolodine) invd.v : wall-established protocols and procedures. Absent is the toxic side
effects of chemotherapy and/or extensive whole body irradiation that is associated with:

j many other cancers. Following s accessful treatment of the ancer, proper replacement levels
i with exogeoous thyroid hormare in most patients is readily established with only " minor"
| discomfort to the patient. In fact some physicians regard the functionalloss of the thyroid !

3

! gland as a mere " medical nuisance". i

! !
! While the physicians' opinions may be understandable, they are not without bias.

Given the high mortality rate and toxic treatment for other cancer site, it is understandable
! why physicians view thyroid cancer more casually and without the usual intensity reserved

for more virulent cancers.
|

For the patient, however, who up to the time of diagnosis of a thyroid neoplase may
t

i
have been perfectly healthy, the anticipation of surgery, radiolodine therapy, hormonal
instability, a life-time dependence of hormone replacement therapy, and the probabliity of;

one chance in ten of dying is not likely to be inconsequential with regard to the patient's
! quality oflife. This discrepancy between patients and physicians has been documented in
; several studies, which have shown that the attending physicians of patients were not a
i

suitable source for patient QOL ratings (Slavin 1988; Martini 1976; Wartman 1983). When
! patient QOL ratings were compared to those of their attending physicians, a correlation
i value of only 0.63 was found to exist. In one study for example physicians did not recognize

34% of both psychiatric problems and life crises reported by patients (Wartman 1983). The,

conclusion among the QOL researchers was that iedividual patients provide the most:

i accurate information for evaluating the impact of a cancer or a chronic disease.

: For this reason and at the recommendation of the N)1C, the author of this report,
I in the presence of a health care professional, sought the personal testimony of an individual
i with a long and complex history of thyroid cancer. The patient who provided testimony is
j a white male in his late forties. He is a professional, currently employed, married, and the
i
1
*
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father of one child. In the time frame of 1948/1949, this individual received external '

medical radiation for the treatment of enlarged tonsils / adenoids. It has been estimated that
;

this exposure resulted in a thyroid dose of about 750 rads. 1

| In 1973, the patient was first diagnosed to have a thyroid carcinoma of mixed i
| papillary / follicular cell origin. Following the surgical removal of about 80% of thyroid ;

tissue, the patient was treated for thyroid insufficiency with desiccated bovine thyroid extract.
|

This treatment resulted in cyclic fluctuation of serum levels that were either too high or too!
:'

low. The patient, during this time, suffered many of the symptoms commonly associated
with hypo and hyperthyroid conditions inclusive of emotional and behavioral changes,
depression, fatigue, hyperactivity, etc. Substitution of desiccated bovine thyroid extract with

,

synthetically produced thyroid hormone (Synthroid) which became available in 1978 did not '

eliminate these problems.
|

|Because of persistent hormone imbalance thought to be in part the result of residual
i

thyroid activity, the patient received two separate radioiodine doses of 30 mci I-131 each j
in 1983.

t

h
As part of the continuing patient's surveillance, doctors identified a "new'' thyroid ;

malignancy in 1988 for which the patient received another 100 mci dose ofI 131. In 1989, |
the patient was subjected to yet a fourth therapeutic dose of radioiodine involving 150 mci |
ofI-131. As part of each I-131 therapy, the patient was intentionally rendered hypothyroid |

.

!
in order to maximize the uptake of radioiodine and to ensure maximum therapeutic tissue

; destruction. Subsequent thyroid scans showed residual evidence of viable thyroid tissue /
!

,

cancer. As of 1992, future treatmer.: is likely to include surgery and more radioiodine '

| therapy. To date, the prospect for successful treatment and hence the patient's prognosis ;
remains uncertain.

|

The disease and its symptoms,its persistence, the prescribed intermittent treatments,-
and the uncertain prognosis have hati a significant impact on the patient. There were
extended periods of time during which the patient was unable to function in his professional
capacity. He stated that he felt debilitated from fatigue, depression, and anxiety which also
affected his relationship and the well-being of his wife, child, and other members of his
family. The emotional trauma was particularly acute prior to each radioiodine therapy when
the patient's normal hormone replacement therapy had to be altered and following
radioiodine therapy when the patient, for radiological reasons, was isolated from family andi

the normal hospital environment. Due to the uncertain prognosis, the patient and his wife
have made a decision not to have any additional children. The patient also feels that his
career has been significantly impacted by his disease. The patient stated that he sought

-

counseling and psychiatric help at various times over the course of his illness for reasons
that were directly linked to his thyroid illness.

;

|

ON
,

|

1
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Valuation of Psychological Costs In spite of the fact that psychological costs are
'

consistently identified as a major cost component by health care researchers and economists,
no formal attempt has been made to quantify these costs in monetary tenns (Hodgson 1984;

4

Rice 1985; Brown 1990). The reason for this omission is obvious. From the forgoing
discussion, it is axiomatic to conclude that the intangible dimensions which define the quality
of life are (1) highly subjective, (2) vary greatly among individuals, and in time and space,
and (3) are not readily expressed in monetary terms. Independent of these difBculties, the,

; exclusion of psychological monetary costs in some instances may be justified for conditions'
in which the health effect is of unknown origin, self-inGicted or unavoidable. The omission

i of psychological costs, however, is not readily justified for situations in which the health
| effect is clearly avoidable, or is the consequence of negligence or wrongful action. A

complete cost-benefit analysis of KI prophylaxis must, therefore, include estimates of3

psychological costs expressed in the unit of dollars.i

; There are several potential approaches which can be used to estimate the monetary
value of psychological costs ==anciated with diseases or impaired health. Mooney (1977) and
Schelling (1968) proposed the use of survey techniques. Survey methods associated with
quality oflife valuation can be based on the amount an individual is either prepared to pay
to avoid a reduction in the quality oflife or would aa:ept in compensation for an existing

j reduction in the quality oflife. Such a survey technique, however, is not without flaws.

1
Survey-solicited responses may reflect a limited and unrealistic interpretation of the

proposed hypothetical condition and are, therefore, difficult to evaluate. Moreover, the
valuation of death can not be assessed by such a survey technique. (Nevertheless, the

|
i

reader may ask this very question of himselfin assigning a monetary value for a thyroid |
|' cancer and/or loss of thyroid function.) '

Another approach is to analyze data on health and life insurance premiums which
cover disability and death. Again there is difBculty in the interpretation of this type of data,

1 due to socio economic variables which motivate individuals. For instances, it cannot be
assumed that (1) a person who does not purchase health or life insurance does not value his

-

health or life or (2) that there is a proportional relationship between premium and personal
valuation of health and life.

The most credible approach to monetize psychological costs is to assess the,

: Judgements awarded to plaintiffs in cases of wrongful injury or death. Traditional legal
remedies of monetary awards in personal injury and wrongful death litigation are also
generally applicable in cases involving radiation exposure.

'

To date, litigation data involving claims of radiation injury and death, are relatively
sparse. In spite of numerous legal claims which have been filed in recent years, many |

radiation cases have been resolved on other legal issues with no damages being awarded.
Only a few cases have gotten as far as a specific econt.mic valuation. Three prominent cases
in which plaintiffs were granted financial compensation are briefly summarized below:

,
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j Allen versus United States.
In this landmark case, actions were brought against the United States by 24 plaintiffs;

;- in 1982, to remver for cancer or leukemia allegedly caused by the Atomic Energy
! Commission testing of atomic devices prior to 1%3. The District Court held that the

United States had been negligent in its conduct of the testing program by failing to:

properly monitor radioactive fallout and by failing to properly inform and warn the
people in the vicinity of the test site. Of the 10 plaintiffs awarded compensation,8
were wrongful death cases and 2 involved personal injuries.

Under Utah I.aw, the court stated that in an action alleging wrongful death, ". . . the
full value of the life of the deceased is determined and recovered". The judge
highlighted the following elements as important in assessing recoverable damages:
"(1) financial support furnished, (2) loss of affection, counsel and advice, (3) loss of
deceased's care and solicitude for the welfare of the family, and (4) loss of the
comfort and pleasure the family of the deceased would have received"(Switzer versus
Reynolds. 606 P. 2d,244 Utah 1990, p.246).

Among the 8 leukemia cases compensated for wrongful death,4 involved children.
When a wrongful death involves the loss of a child, there is minimal tangible ;

monetary compensation. However, the intangible loss to family and society involving
human relationships is considered the greatest loss.

In summary, for the 8 plaintiffs in Allen et. al. versus the United States. four i

elements were considered in determining compensation to survivors in wmngful
death actions: (1) loss of support; (2) loss of assistance and service to the family;
(3) loss of society, companionship and happiness of assaciation; and, (4) loss of the

;
possibility of inheritana, if the decedent is an adult. Awards in the 8 cases of

;

wrongful death ranged from $235,000 to $625,000 with an average value of $320,000. '

The Utah / Arizona Iaw concerning damages to personal injury is also clear. The
laws allow injured plaintiffs to recover general and special damages that naturally
and necessarily result from the harm done, including damages' for the loss of time -
and earnings, impainnent of future earning capacity, all costs pertaining to medical
treatment and care, pain and suffering, and other psychological impacts.

Of the two claims involving injury, one involved an adenocarcinoma of the thyroid
of a twenty-one year old female suspected of having received a thyroid dose between
30 to 340 rads from the fallout of radiolodine during early childhood. For the benign
thyroid cancer, the plaintiff was awarded $100,000.

Silkwood versus Kerr-McGee.
In November,1974, plutonium contamination was found in the private apartment of
a chemial technician (Karen Silkwood) an employee of the Kerr-McGee |

|
!
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Corporation. Following her death in a fatal car accident, post mortem analysis of
tissue samples were conducted. It was estimated that the total body-burden for
plutonium was less than 10 nCi, yielding 50 year committed organ doses of about 0.5,
2, and 0.8 rads, respectively to the lung, liver, and bone. Based on the 1972 BEIR |
Committee risk estimates, her life-time risk of fatal cancer was calculated to be !

1between zero and 0.0005.
!

Two key issues presented in the subsequent jury trial involved (1) the liability of
Kerr-McGee for the matamination and (2) the injury question due to a plutonium 1

exposure that was less than permissible limits for occupational exposure. (The death !
of Karen Silkwood in the automobile accident was not a point of contention in the

| trial). I
l

The jury found Kerr-McGee negligent in its operation of the facility under the strict
liability and also found that Silkwood had been injured by plutonium according to the

| Court's definition of injury. The court ruled that . . . "Certainly physical injury can
include a nonvisible or non-detectable injury and may include injury to bone, tissue,
or cells. If a person has suffered physical injury . . . on the basis of expert medical

,

| opinion, it is only necessary that a person believe he or she has been physically
| injured as a basis for mental pain and suffering to occur".

|
'

The jury awarded the Estate of Karen Silkwood $500,000 for injury, $10,000,000 for
,

| punitive damages, and $5,000 for property damage. In the appeal decision, the Tenth
'

Circuit Federal Court decided that the case should have been tried under the i

Oklahoma Workman's Compensation Law rather than under mmmon tort law. Thus
,

| the 10.5 million judgement was reversed.

Kerksieck versus McDermott Inc -
The plaintiff (Kerksieck) was the owner of a Cable Television business located next
to McDermott's pipe fabrication facility which engaged in radiographic pipe testing
of welds. The plaintiff alleged he had been exposed to gamma radiation between

,

1978 and 1984. Dosimetry experts for the plaintiff estimated his exposure betweeni

| 75 and 300 rems. Experts for the defendant estimated his exposure at less than 2
rems. The plaintiffs injuries were basically benign, consisting of pancreatic|
carcinoids in 1985, a benign thyroid condition in 1987 and lympiocytosis in 1989, as"

well as parathyroid tumors and the appearance of benign adrenal nodules. All of the !

plaintiffs conditions were benign and his thyroid had been surgically removed.

The jury awarded a total of $1,250,000 to the plaintiff: $830,000 in punitive damages; i
i

and $415,000 in compensatory damages. Of the compensatory award, $180,000 was
for anticipated future medical expenses. The only testimony on further health costs,

|

j however, was presented by the plaintiffs treating physician which identified the need

i for continual check-ups and patient surveillance. )

|

|
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|- In radiation injury litigation there are problems not faced in routine cases. One such |
j problem is the long latency period between exposure and the biological consequences of j

; radiation. Long latency periods tend to obscure the causal relationship between radiation !
j exposure and radiation injury. Other problems are sui generis to nuclear litigation and may,

,

in part, acmunt for the relatively small number of cases which have come to trial. :

a' '

. The relatively few radiation injury cases which have been resolved in court may, in :

1 part, be due to (1) the unsettled state of the law relating to Federal preemption, at least '

| until the Supreme Court decided Silkwood versus Kerr-McGee,464 U.S. 238 (1984) and (2)

| to the problems associated with having to sue the United States under the Federal Torts ;

Claims Act (e.g., the Nevada test site cases; Prescott versus United States 1992 WL 54002, !,

| F.2d,9th Cir.1992).
'

,

i Due to the limited data base involving radiation injuries, it is appropriate to review
! representative legal cases pertaining to other cancer-causing agents. It is worth noting that
i over the last 10 to 20 years the law has evolved considerably in this area. Based on
j emotional distress arising from their risk or their fear of developing cancer, persons exposed

to carcinogenic substances may now recover damages more easily than in the past. Oldera
.

! cases required a plaintiff seeking damages for emotional distress to prove: (1) physical t

harm as a result of the conduct that caused the emotional distress, (2) that the physical
harm either caused or was caused by the emotional distress, and (3) that the physical harm
had objective symptomatology. Therefore, in the past, risk without any accompanying,

physical injury was insufficient to recover damages (Mink versus University of Chicago,460,

; F. Supp. 713 (N.D. Ill.1978); Sypert versus United States, 559 F. Supp. 546 (D.D.C.1983)).
I

These strict requirements have been relaxed in manyjurisdictions. Some courts have
i held that the physical harm requirement is satis 6ed by evidence that a demonstrable physical
| change in the plaintiff's body has occurred (Plummer versus United States, 580 F.2d 72 (3d
j Cir.1978)). Other courts have held that the in.ed= of a toxic substances is sufficient for

a cause of action to accrue, even though a significant physical effect cannot be showne

; (Hagerty versus IJkL Marine Services, Inc. 788 F.2d 315 (5th Cir.1986)). Once a plaintiff
i satisfies either the demonstnable physical change or ingestion of a toxic substance test, many,
; if not most, jurisdictions will allow recovery of damages for the fear of a potential future
; disease (J. Albson, Evidence Supporting Recoverable Damages forPotential Disease, XXIV

Tort and Ins. L.J. 39 (1988)).-

a

Other courts have also allowed damages for the impa'ument of quality of life. In
those cases, a plaintiff has been allowed to recover damages for those activities, that need

; not be profit making, that he could enjoy prior to his injury but not afterwards.
4

i One element of damages frequently considered and allowed in tort litigation, but
j which will not be taken into account in this analysis, is the element of punitive damages.

The reason that this will not be considered is that such damages do not bear a direct4

; reir@nship to the value oflife or health. Rather, punitive damages are designed to punish

:
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:
:
j the wrongdoer who has acted in reckless disregard for the health and safety of others. It

;

is not extraordinary for punitive damages in some particularly egregious cases to be 10 or
i 20 times the amount of the compensatory damages. For this reason, some jurisdictions, !
j either by statute or decisional law, have limited the amount of punitive damages that may ;'

be awarded. ,!

a

i Accordingly, listed below are selected cases that reflect what value courts and juries
j in various jurisdictions have placed on some of the elements of damages discussed above.
j Significant among the missing cases is Silkwood versus Kerr-McGee, supra. This case is not ;
j listed because the issue de::ided by the Supreme Court involved principally punitive damages !j (which represented $10 million of the $10.5 million originally awarded). The penonal injury '

award, the Court of Appeals decided, should have been decided under state worker's
.

compensation law. |'

| !

Allen venus United States,588 F. Supp. 247 (D. Utah 1984): wrongful death and! e '

personal injury claims from radioactive fallout from open air testing of nuclear i
,

weapons - eight wrongful death verdicts from $235,000 to $625,000 and a pesonal ;
j injury verdict of $100,000. !

Kerksieck versus McDennott Inc., Louisiana district court,16th judicial district, St.. e

, Mary's Parish,1991: pre-canarous thyroid condition and pancreatic carcinoids from
j samma radiation - compensatory damages of $415,000 ($180,000 of which was for j
| future medical expenses). -|
|

1 e In Re: Fernald Litigation, U.S. District Court, S.D. Ohio, No. C-1-85-0149, filed i

4 September 29,1989: settlement fund of $73-78 million created by United States for
I- radioactive fallout from Fernald affecting a 14,000 person class. Covered by the fund

1

is medical monitoring, emotional distress, and diminution in property values.;

p

Ochiuto venus Johns-Manville Corporation,1992 WL 67140, A.2d (Ps. Super. Aprile
,

; 7, 1992): $400,000 to husband and wife for husband's exposure to asbestos resulting
i in increased risk of cancer (pleural thickening) and resulting emotional distress.
4

Ward venus Terminix,1991 WL 87336 (Tenn. Ct. App. May 29,1991): In this casee,

a chemical (ostensibly a fungicide) was applied to purdoss of a house occupied by
a mother and two daughters. The chemical had been inadvertently mixed with

.

i another that caused plaintiffs to suffer physical symptoms, e.g. dirziness, memory
; lapses. The mother was awarded compensatory damages of $1 million and each of

two daughten 'wete awarded compensatory damages of $500,000 each. The
daughten' verdicts were subsequently reduced by the trialjudge to $100,000.

: e Moran versus G. & W.H. Corson, Inc., 402 Pa. Super. 101,586 A.2d 416 (1991):
wrongful death action based en decedent's exposure to asbestos and contracting

-

| mesothelioma. Three defendant's settled for a total of $500,000.
'
.
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Potter versus Firestone Tire and Rubber Co.,232 Cal. App. 3d 1114,274 Cal Rptr.e

885 (Ct. App.1990): Defendant put carcinogens in water supply, which plaintiffs
drank. _Although there were no physical manifestations or any other evidence
showing that cancer was likely to occur, each property owner was entitled to $200,000
for har of getting cancer.

Eagle-PicherIndustries versus Balbos,84 Md. App.10,578 A.2d 228 (Ct. Spec. App.e

1990): Defendant survived husband by 17 months. Husband died from occupational
exposure to ' asbestos. Decedent's estate was awarded $750,000 essentially for
decendent's emotional suffering, inasmuch as there was little proof of other damages. -

Novelli versus Johns-Manville,395 Pa. Super.144,576 A.2d 1085 (1990): Decedent'se

estate received $700,000 in compensatory damages for his death from mesothelioma
and widow received an additional $150,000 for loss of consortium.

L Nussbaum versus Gibstein, 531 N.Y.S. 2d 276 (N.Y.A.D.1988): Jury awarded $500,00e
)

| . for pain and suffering and loss of enjoyment of life. This malpractice suit involved J

L a 35 year.old women's two-year losing battle with breast cancer. '

,

!

In summary, it appears that society, through the legal system, has shown an increasing ,

willingness to share the burden ofillness and injury that befalls the individual This attitude
| 1s particularly evident in matters of radiation cancer and injury. Mr. Don Jose, Esquire,

|
legal expert on radiation injury claims, in a personal communication has stated:

l "
. My personal beliefis that every radiation case is a million dollar case

even though the person had no cancer or disease (Silkwood = 10.5 million)
or had a benign thyroid condition (Kerksieck = 1.245 million). Thus, I woWd -

,

assess a value of around $750,000 to $1,2W4M for any thyroid problems
resulting from an accident at a nuclear pom t Wmt. This number is a market
value and the market is the legal system. This munber is likely to be what an

| innocent victim could recover if they sued the owners of the nuclear power
'

plant."

| Based on the monetary awards for the radiation and non-radiation injury claims cited,
; and the opinion expressed by a subject matter expert, the psychological cost component for

any radiation-induced thyroid health effect is estimated at $500,000 and will be applied to
the derivation of cost-benefit ratios for KI prophylaxis.

|
'

i |

I
i i
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Summation of Thyroid Health Effects Cost

Table D-18 summarizes previously derived values for the direct medical costs, the
indirect cost of lost economic opportunities, and the psychological costs attributed to the !

reduced quality oflife for each of the thyroid disorders considered in this report. For all j

thyroid effects, the direct medial cost for diagnosis, treatment, and follow-up represents the |
smallest contribution to the total cost. The assigned common value of $500,000 for

|
psychological costs dominates the total costs of potential thyroid effects 2 '

i
'

Table D 18 :
*

Average Total Cost Per Radiation-Induced Thyroid Effect i

'

Direct Indirect Psychological Total j
Thyroid Effect ($) ($) ($) ($) ;

Nodule 9600* 33,300 500,000 542,900 !
.

Cancer
i

Non-fatal 20,000 38,600 - 500,000 558,600
Fatal 32,000 629,000 500,000 1,161,000

;
j Hypothyroidism 5600 38,200 500,000 543,800 .

L !

| Value represents the mid-point of the range in direct medical cost estimates.
*

In-utero Cast Estimates. Fetal exposure in-utero may also result in thyroid nodules, I
| thyroid cancer, or congenital hypothyroidism. The resultant cost elements are similar to

i
| those involving the general population, but are somewhat higher in value to reflect the |

earlier age at time of first diagnosis. Affected by this shift in time are costs associated with
, long-term medical are and surveillance, as well as indirect costs. When in-utero exposure
j results in thyroid disorders, the costs are based on the following ages.ofinitial diagnosis: !

,

|

e hypothyroidism: at time of birth

thyroid nodule: at age 10e

|

e thyroid cancer: at age 5|
l

for fatal thyroid cancer, the time of death is assumed to occur at age 14.4
'

e

' atthoue.n the indirect cost of se9,ooo for . v t.t thyroid c.ncer is consie.r.bty t.reer, theto er ncy of f t.t conc.c. no thyroid .ff.et co.sn itie.t it. sep.et on th.
.ver.g. indirect cost 0, thyrcid di. order..

!
,
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;

j The cost of thymid effects which are the result ofin-utero exposure are summarized

| in Table D-19.

| Table D-19

| Cost Estimates of Thyroid Effects For In-Utero Exp6sure
;-

i hi-Utero Direct Indirect Psychological Total
! Thyroid Effect ($) ($) ($) ($)

j Nodule 17,000 53,000 500,000 570,000

i Cancer
Non fatal 24,000 56,000 500,000 580,000

i Fatal 32,000 N/A 500,000 532,000

;- Hypothyroidism 11,000 79,000 500,000 590,000

i
An Evaluadan of Derived Cost Es matesn

i The appropriateness of monetary values for thyroid dysfunction and neoplasms
: derived in this report may be assessed by comparing these values to those which have
; previously been endorsed by the NRC and other Federal agencies. For example, as part of
! a study performed by Sandia National I.aboratories to estimate the financial consequences
! of reactor accident health effects (NUREG/CR-2723), cost estimates were determined for
'

on-site emergency workers for five severe accident categories. Health effect " costs" to
emergency utility workers were converted to dollar-equivalents using the following

i conversion: (1) $1 million per early fatality, and (2) $100,000 per early injury or latent
cancer. These 1983 cost estimates, when adjusted to the current medical costs and market'

value of the dollar, yield cost estimates that are very comparable to those defined in this
.

report. It may further be argued that cost estimates derived in this report are subject to an
,

adjustment factor which accounts for the difference in the involuntary non-occupational'

; exposure of a member of the general public and the " voluntary" exposure conditions of the
~

utility emergency worker. As a rule, it is appropriate to assign a higher compensation value

| in instances of involuntary participation.
;

In a more recent value impact analysis involving public exposure to radon, the EPA
evaluated the cost effectiveness of radon testing and radon mitigation for five different
action levels of residential indoor radon (EPA 1992). Table D-20 provides a summary of

,

: the results of EPA's analysis of action levels. The results of this cost-effectiveness analysis
; show that the EPA's selection of 4 pCi/1, as its recommended action level, would result in
i a cost of roughly $700,000 per lung cancer death averted. At this action level, the EPA

concluded that ". . . the Radon Program would be as or more cost-effective than many other j

4 government programs for personal safety and environmental protection."

:

1
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Table D-20 |4

i; ;

Cost Per Life Saved For EPA's Radon Testing and Mitigation Programs i
,

.

| Average Cost per
~

Number of Lives Annualized Cost Life Saved '

Action Level Saved Annually (1000s of 1991 $) (1000s of 1991 $)
2 pCi/l 3,100- 3,421,000 $1,110 !

>

l

: 3 pCi/l 2,600 2,181,000 800 i

4 4 pCi/l 2,200 1,504,000 700
| 8 pCi/l 1,100 501,000 400

20 pCi/l 220 116,000 500.

i

In conclusion, values cited in Tables D-18 and D-19 are in agreement with values
: cited in other Federal impact analyses and publicly implied valuations of Federal program

'

! areas defined in Table D-3.

! i

'
:

}
'
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APPENDIX E

KI EXPERIENCE IN PAST NUCLEAR EMERGENCIES
,

Although there had been previous reactor accidents, it was the Three Mile Island
Accident on March 28,1979 that initiated major review of existing policies by regulatory
agencies and public omeials responsible for protecting the public in the event of a nuclear
emergency. The TMI Accident demonstrated that (1) when KI prophylaxis is not an integral !
part of a nuclear emergency plan, and (2) if no readily available stockpile of KI exists, a t

decision by public omcials to mitigate thyroid exposure following the declaration of a
nuclear emergency can not succeed.

| The success of VJ prophylaxis even if these two conditions are met may be less than

| optimal. In response & the TMI experience, Tennessee State health omcials attempted to ;

provide KI tablet near-field residents under the simulated conditions of a nuclear
emergency drill. Distribution at the time of a nuclear emergency proved too slow to avoid;

| the initial plume inhalation exposure to near-field residents. In recognition of this potential
limitation, Tennessee State Health oscials in 1981 conducted a pilot project in which KI

,

| was pre-distributed to residents within a Sve-mile radius of the Sequoyah nuclear facility.
! Authorities considered pre-distribution as the preferred option of providing prompt access

to the drug for those persons at highest risk and most likely to benefit by its early
a%istration.

The accident at the Soviet Chernobyl nuclear facility on April 26,1986, which
| involved massive releases of radioiodine, tested the escacy of the Soviet emergency plan
! in providing KI to near-Seld residents from existing stockpiles. KI was also administered
; to far-Seld residents of Poland where fallout of radiolodine resulted in significant air
i concentrations and contaminated food products.

This appendix brieDy describes these three events and identi5es salient findings which
may be useful in reassessing Federal and State policies regarding KI prophylaxis.

The Three Mlle idand Exnerience

In the early morning hours of March 28,1979, the Unit-2 reactor at the Three Mile
Island Nuclear Station located in south central Pennsylvania experienced a loss of feedwater
to the steam generators. Because of a combination of design deficiencies, mechanical

|- failures, regulatory policies, training inadequacies and human errors, the initial loss of
| feedwater progressed to the point of severe fuel core damage and the atmospheric release
| of radioactivity.
!
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! Following the accident, extensive investigations were conducted (NUREG-0588; |
| NUREG-0600; NUREG-0637; NUREG-1250). It was concluded that 30% of the core

inventory of iodines was released from the damaged fuel into the primary coolant.,

i However, the majority of iodine was chemically absorbed by the coolant which was
i enhanced by increasing the alkalinity through the deliberate injection of sodium hydroxide.
: The general reducing environment created by a hydrogen-rich mixture of steam, water, and

,

hydrogen in which little or no free oxygen was present promoted the formation of metallici '

iodides. The majority of the iodine released in the partial core melt at TMI was found to
have been converted to cesium iodide, a highly water soluble and relatively nonvolatile
compound. Thus, the cesium iodide was largely rete'.ned in the water that leaked from the

! primary containment structure or was retained within the reactor's primary system.
i Although the containment building was not mmpletely isolated, there was no structural
| failure of the reactor containment building at TMI. The release of radioactivity occurred
i through penetrations in the secondary systems of the auxiliary building. Of a totalinventory
| of 64,000,000 Ci of I 131, only about 17 Ci were released to the environment, yielding a

7release fraction of 2.7 x 10 .
7

f The average thyroid dose from internal exposure to the released radiaiMine to the
| near field population has been estimated at less that 0.001 rad with an upper limit individual

exposure of about 0.02 rad.
:

| While in retrospect these small quantities of released radiaiMine and the resultant
; insignificant thyroid exposure did not warrant the prophylactic une of potassium iodide, the
: potential did exist for release oflarge quantities of radioiodine. The ability to implement
j KI prophylaxis was compromised because there were no commercially available preparations
{ of potassium iodide in suitable form and quantity for timely public distribution,
i

i Only months earlier, the FDA had solicited sponsors for new drug applications
j (NDAs) for KI as a non-prescription drug in oral dosage form for use as a thyroid-blocking
| agent in a radiation emergency (43 FR 58798, December 15,1978). At the time of the TMI
: Accident, no NDAs had been received. The FDA's concern for high thyroid exposure on !

| March 29th prompted its Bureau of Drugs to petition on an emergency basis drug
j manufacturers and pharmaceutical suppliers for the needed potassium iodide. It was

estimated that the equivalent of 7500 kg of KI was needed in a saturated solution (SSKI). |
,

.

FDA's request could not be met: companies had neither the quantity of KI and containers,>
'

i nor the facilities to manufacture SSKI within the needed time frame. |
[.. !

| A chemical manufacturer, Mallinckrodt Company, had the necessary quantity of KI
j and mobilized a workforce on an emergency basis. Joined by Parke-Davis Company, SSKI

| was delivered to Harrisburg as quickly as it was being manufactured over a period of several
i days, with the first shipment of 11,000 bottles arriving at 11:00 p.m. on March 31st (Halperin
: 1989). Over the next four days, six more shipments totaling 225,033 bottles arrived in i
5 Harrisburg with the last shipment arriving at 9:00 a.m. on April 4,1979. '

s
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|

Under these emergency conditions the manufacturers experienced problems with
labels and erroneously included droppers not calibrated to deliver the 65 mg of KI per drop
for a two-drop dose. By the time the various problems had been resolved and a decision
was made to provide SSKI to area residents of the TMI facility, the risk of radioiodine
release had declined considerably and the State decided not to use the drug.

!

|

The Tennessee Exnerience

| Following the Three Mile Island Accident and the failure to provide KI to the public
| in a timely manner, an attempt was made to simulate distribution of KI to area residents

as part of a nuclear emergency drill at the Sequoyah Plant operated by the Tennessee
Valley Authority. On two separate occasions, the simulated distribution of KI to downwind
residents was considered "too slow" with respect to plume arrival time in order to protect

| residents effectively,(Fowinckle 1983).
|

| As a result. Tennessee public health officials decided to pre-distribute KI to residents
within a 5-mile radius of the power station. A significant mnsideration was the anticipated
degree of public acceptance and anxiety induced by the pre-distribution of KI tablets. While
TVA officials expressed concern and recommended that pre-distribution not be undertaken,
State health officials, nevertheless, proceeded on the premise that open mmmunications and
proper explanations can achieve public acceptance. The method for pre-distribution
included the following:

(1) A letter from the Tennessee Commissioner of Public Health was mailed to respective
households. The letter advised recipients that a member of the local health |
department would come to their home to deliver a vial of KI tablets and to explain
their proper use. |

1

(2) The 6 eld staff selected to make house-tohouse deliveries were professional I
personnel who were experienced in communicating with the public. A total of 38
individuals were given a one-day training session to ensure their ability to provide.
technical information and respond to potential questions.

(3) The news media reporters were also encouraged to attend the one-day training
session which schooled the home visitors for their tasks. News coverage of the
project was extensive and involved lomi and national television and newspapers. Dr.
Fowinckle, Director of Tennessee's State Health Department, stated that ". . . during
the week preceding and the first week of distribution, there was intense public
interest. Answering questions from the press and the public required almost all the
time of two physicians. Thereafter, each Monday and Tuesday produced a large
number ofinquiries during the six-week period when KI was distributed."(Fowinkle
1983)

|
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!

(4) Each household was provided a package containing a child-proof capped vial of 14 |
KI tablets of 130 mg. This quantity was considered sufBeient to give household j
memben a starter dose for thyroid blocking and yet be insufficient to cause serious
consequences if an overdose were taken accidentally or the package instructions were
ignored. )

|
(5) The labeling on the vial and a package insert from the manufacturer carefully I

~ provided worded information and instructions clearly indicating that the drug was to |
be used only for thyroid-blocking in a radiation emergency. '

Program Effectiveness:

The KI packages were distributed door to door from November 16 through
i

December 11,1981. 'Ihe 38 health department staff members spent 166 penon-days visiting
5591 households. A total of 3022 households accepted the tablets. If residents were not
home, a letter was forwarded which informed residents of their option to pick up KI tablets I
at one of two local health care centes. An additional 682 household memben responded I

which brought the total to 3704 households or 66% of the total households in the area.
;l

Health ofBeials suspected that a signifiant percent of the 34% of the households !
, where door-to-door distribution was unsuccessful represents summer residents of cottages !
i who during the time of KI pre-distribution (November / December) had vacated their :

| residence (Dr. Sarah Sell,1991 - personal mmmunicatione.
I

!
Additionally, a supply of 450 vials was provided to two schools located within the

five mile radius in order to provide a fint dose to the 6100 students at those schools.

1
In the fall of 1984, three yean after the initial door-tcMioor pre <ilstribution of KI, i

residents within the same five-mile radius were contacted by mail and advised that their
supply of KI had expired its shelflife and that a new supply of KI was available for pickup
at the local health department. 'Ihose that received KI previously could exchange their,

! expired KI for a new supply; and those who had either lost or had never accepted any
L previously could also obtain a new supply.

Thirty-two percent of the eligible households responded by coming to the health
department. This response can be compared to the 66% of households that initially
accepted the KI distributed door-tcxioor in 1981. To date, there have been no reports of
accidental administration or adverse effects of misuse of pre-distributed KI (Dr. Sarah Sell
1991 - personal communication).

In summary, the Tennessee State health officials considered the pre-distribution pilot|

| program a " success," but no official cost-benefit analysis was performed. While it is difBeult
! to argue the beneSts of prompt access to KI to near-field residents who would most likely

i E-4
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experience the highest thyroid doses with the shortest time interval, pre-distribution is
considerably less efficient than might be expected. The cost of pre-distribution is'

considerably higher than that of stockpiling.;

i

f For a KI prophylaxis program limited to local stockpiles, the program costs are
| primarily those ofinitial purchase and five-year replacement at the estimated price of $0.50
. per vial of 14 tablets. In contrast, pre-distribution includes the up-front costs associated with

| pre-distribution which are independent of the unlikely occurrence of a major nuclear I

! accident. Based on the Tennessee experience, the mllective cost for the pre-distribution of
3704 vials to a corresponding number of households was estimated at $125,000 (Fowinckle ::

1983; and Fowinckle 1991 - personal communications). The unit cost of pre-distribution at

5
about $30 per vial can, therefore, be estimated to be 60 times the cost of stockpiling.

!

I The Chemobvl Exnerience

Soviet Unlan- The accident at the Chernobyl nuclear power station occurred on
April 26,1986, at 1:23 a.nt. This facility is located 3 km from the nearest town of Pripyat:

and 30 km from the nearest city of Kiev. The phenomena ===aciated with the Chernobyl'

[ accident, including relene fraction, duration, rate, and pathways for environmental release,

| were greatly influenced by design features and materials unique to the RBMK-1000 reactor
i which differ from those of U.S. commercial power reactors. Thus the Chernobyl data on
; radionuclide release are not directly applicable to predicted releases from U.S. reactors.
i.

i Moreover, the release of radionuclides from Chernobyl did not occur as a single
; acute event. Only about 25% of the radio-particulate release to the environment took place
. in the first 24 hours (Table E-1); the remaining 75% of the activity was released as a
! protracted piecess (NUREG-1250). Nevertheless, owing to the high temperature of the

molten fuel, the initial explosion and fuel fragmentation disproportionately released volatile

i radionuclides of radio iodine, -tellurium, and -cesium. It is estimated that of the 7.3 million. .

; curies of I-131 released in total, about 4.5 million curies were released in the first 24 hours
4 (NUREG-1250).
:
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Table E-1

Daily Releases of Radioactivity into the Atmosphere
(Exclusive of Noble Gases)

i .

Days After Quantity of Activity<

Date Accident (Mega Curies)

4/26 0 12

| 4/27 1 4.0

4/28 2 3.4

4/29 3 2.6

| 4/30 4 2.0

( 5/1 5 10
l 5/2 6 4.0

| 5/3 7 5.0

5/4 8 7.0

5/5 9 8.0

5/6 10 0.1

5/9 14 0.01

i

!

The radiological conditions in the near-field and far-field were complex and
profoundly affected by the release conditions and the chan#ng meteorological conditions
prevailing over the ten-day period. In the first hours after the accident, the radioactive

i

release bypassed the town of Pripyat; but later when the effective release height declined '

substantially along with changes in the wind direction, contamination and samma dose-rate
levels increased to alarming levels. By 7:00 a.m. on April 27,1986, the gamma dose rate !
in areas closest to the plant had reached 180 to 600 mrem per hour levels (Il 4n 1987).3

The Soviet radiation emergency preparedness plans induded procedures for
swirniHan and dist?ibution of potassium iodide tablets. KI tablets were made available to
on-site personnel at 3:00 a.m. on April 26, one-and-a half hours after the accident. On the
assumption that local residents were at home asleep with closed windows (Le., effectively
sheltered) during the first few hours, public notification of the accident was delayed until
morning. Door-todoor distribution of KI tablets to the 45,000 residents of the town of
Pripyat commenced at 8:00 a.m., or six-and-one-half hours after the accident. It took much
lorger, from April 28th to the first days in May to complete distribution of KI to an
additional 90,000 persons residing in 71 villages within a 30 km radius of the damaged plant.
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In light of predictions that the external exposures received by near-field residents
might exceed the protective action level used in the Soviet Union, it was also decided to
evacuate the inhabitants of Pripyat and several other nearby population centers. The

,

i criteria in the Soviet Union for taking protective measures are provided in Table E-2.

! Table E-2
i

Soviet Criteria * for Taking Protective Actions
i. (Ref. Ilyin 1987)

Level of Exposure

[ A B

| e External samma radiation (rad) 25 75

| e Thyroid exposure due to intake of 25-30 250
j radioactive iodine (rad)

| e Integrated concentration ofiodine-131

[ in air (micro-curie per day per liter)
Children 40 400.

Adults 70 700;

i e Totalintake ofiodine-131 with food 1.5 15

: (micro-curies)
.
'

o Maximum contamination by iodine-131
{ of fresh milk (micrtHanrie per liter) or 0.1 1

i daily food intake (micro. curie per day)

{ e initial iodine-131 fallout density on 0.7 7

| pasture (micro curie per square meter)
:

*

; Noter If exposure or contamination does not exceed level A,
; emergency measures that involve the temporary disruption of
i the normal living routine of the public are not needed. If
! exposure or contamination exceeds level A but does not reach !
i level B, it is remnmended that decisions be taken on the basis
i of the actual situation and local conditions.
i

{ If exposure or contamination reaches or exceeds level B, it is re=nmended that
emergency measures be taken to ensure the radiation protection of the public; the.

i public should immediately seek shelter indoors; time spent outdoors should be
j restricted; on the basis of the actual situation, rapid evacuation should be organized;
; prophylactic iodine should be distributed; the use of contaminated products in food
i should be banned or limited; dairy cattle should be switched to uncontaminated !

pasture or fodder.,

I
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|

!
|The decision to evacuate the local population was based on a projected external

exposure value in excess of the lower level (level A or 25 rem). For intenuti exposure of1

| the thyroid due to inhalation of radioiodine, the decision to evacuate was based ott the |

| upper level B or 250 rads to the thyroid. These selected dose levels of intervention 'all i
j within the range of the two levels ofintervention cited by the ICRP, WHO, and the IAFA '

i for decisionsD evacuate populations at an early stage of an accident (i.e.,5-50 rads ior
| whole body exposure and 50 to 500 rads for thyroid exposure).
;

'
Orders for the evacuation of the 45,000 residents of Pripyat were announced at 12:tM

!

hours with buses arriving from Kiev at 14:00 hours on April 27 (i.e.,36 hours after the !
,

j accident). Evacuation was completed in three hours. Evacuation of the additional 90,000 |
! residents within the 30-km radius started several days later and was not completed until one '

! week after the accident. Among the 135,000 persons administered KI and subsequently
! evacuated were about 2000 pregnant women.
;

1.

Estimates of Public Ex-e !
,

I

The combined protective actions of sheltering, decontamination efforts, limiting
'

i ingestion of contaminated food products, potassium lodide prophylaxis, and evacuation have

i been credited for reducing exposures among residents living within the 30 krn radius of the
plant. With the exception of evacuation which was slowed by the absence of privately,

; owned vehicles, the Soviets were otherwise prepared to enact emergency measures inclusing
;

j KI distribution. School children received KIin most instances within six hours of the initial i

; releases. The use of KI by the approximately 135,000 individuals ir de immediate area of
i Chernobyl did not result in any adverse side-effects requiring hespiulization. Among
i residents of Pripyat and those within a 30-km radius, average exposure to the whole body
; has been estimated at 3.3 rem and 16 rem, respectively (NUREG-1250). Although a precise
{ measure of the prophylactic value of KIis difficult to ascertain, thousands of thyroid activity
'

measurements ofindividuals in the exposed population suggest that the observed levels were
| markedly lower than those that would have been expected had the prophylactic measure not
;' been taken (Table E-3).
i

! Table E-3

i

Dyroid Burdens to Near-Field Residents of the i
,

| Chernobyl Nuclear Facility (Ref: Ilanemann 1987)

!
: Hyroid Burden Persons Affected
1 (pCi) (%)
,

i < 20 87

) <M M

i 100 - 150 1.5

| > 200 0.5

| i

|
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i
1 In August of 1991 (08/03 to 08/17), the World Federation of Ukrainian Medical

| Asscciation (WFUMA) held its third congressional session which specifially addressed {
medical consequences including thyroid disorders, to residents of the most highly
contaminated regions of the Ukraine. Included were regions well beyond the 30-kilometer

!
] radius where KI had not been distributed. On the basis of radioiodine intakes by inhalation |

i . and consumption of dairy products as well as measurements performed on populations, 1
; thyroid doses were estimated. Using a ''realktic" rather than a conservative model, the
1 following thyroid doses among children were t imated (Shandala 1990):

56,000 children received thyroid doses of up to 30 radse

; 29,000 children received thyroid doses between 30 and 200 radse

For 7000 children, the thyroid dose is thought to have exceeded 200 radse
.

Based on risk models used by the WFUMA, it was estimated that the collectivee,

thyro oncogenic dose of 7,400,000 rads among these children could cause about 300
future thyroid malignancies *

For a significant number of children, the individual thyroid exposures exceeded the: e
i

threshold dose for hypothyroidism. For the collective 4,200,000 thymid rads in excess
of threshold levels,418 cases of hypothyrnam were estimated.

The impet of radiation exposure on thyroid endocrinological and auto-
; immunological status was also evaluated. Measurements among 1074 exposed pregnant

women and 9560 neonates showed an elevated level of thyivuoi,in is.-one and T.
-

(Yakolev 1991; Oliinyk 1991). Children evaluated for their immunological competence
showed a generalized weakening of T-cell mediated immunity (Chaban 1991). This evidence
may imply an increased risk of auto immune disease of the thyroid gland in the future.

.

(

*
Using the lifeties risk coefficients for 1-131 used in this report, the number of thyroid
melignancies would be expected to number appromiestely 381 emeng this highly esposed population
of children (i.e., (31.5 + 71.5)/2 thyrwid eencees per 10' thyroid rose = 301 thyroid antipiencies).
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( The Chernobv1 Exnerience Palmad
:
:

The effective release height generated by the intense heat of the Chernobyl accident
i was such that radioactive fallout outside the Soviet Union was suf5ciently high to prompt
; various protective measures iaMing KI prophylaxis. Plume arrival in northeastern Poland
| was thought to occur some time during the night of April 27 (Ilanemann 1987). Analysis
j of air samples by the Polish Central laboratory for Radiologial Protection verified the
j presence of radiciodines and other nuclides around noon on April 28. High air

concentrations ofI-131 in most
a maximum value of 5.4 nCi/nf. parts of Poland lasted from April 29 to April 30, reaching

2-

; In the early boun of April 29, a Polish governmental task
j group evaluated the radiological situation and established the following protective actions
j with respect to thyroid exposure (Nauman 1988):

'

(1) The committed thyroid dose in persons less than 16 yean of age should not exceed
j 5 mm.
|

; (2) The committed thyroid dose for penons over the age of 16 yeen should not exceed
50 rem.

| On the basis of radiological factors and the low dietary content of iodine among
; Poles, the government at 3:00 p.m. on April 29 appioved the prophylactic use of potassium

iodide to block further exposure from inhalation and ingestion as well as to minimim the<

i recirculation and reutilization of radiolodine that had already been taken in. The decision |
1

initially limited iodide prophylaxis to children and teenagen and recommended the following I

daily doses of KI::
e
;

! e less than 2 yean: 30 mg

| e 2 to 5 yean: 50 mg
i

; e 5 years and older. 70 mg
i
; Initially, the protective stiministration of potassium iodide was not recommended for
i adults. It was agreed that the thyroid cancer risk in this group was low and the possibility
j of adverse side effects was higher in this group than in youngerindividuals. The government

also assumed a neutral position on iodide prophylaxis for pregnant females. The mass !

i media was used to annanace and outline the protective guidelines to the public. Potassium |
| iodide was distributed in all kindergartens, ehd public health centers, and pharmacies.

Volunteen were used to distribute KI to these centers. On April 30, radiological conditions;
'

worsened and government rennemendations for iodide prophylaxis became considerably less
i restrictive.
i

! Follow-up studies were undertaken to assess the effectiveness of KI prophylaxis. The
j Central laboratory for Radiological Protection estimated committed thyroid dose
j equivalents in children and adults in two different parts of Poland where contamination was
j considered " moderate" and " severe." The results of this study were included in the

i
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;

Government Commission Report (GCR 1986) and the WHO Working Group Study (WHO
1986). A summary of their findings are presented in Table E-4 below. '

,

Table E-4

Thyroid Doses for Protected and Unprotected Populations
in Poland Following the Chernobyl Accident ;

*

'
Dose (rads)

! Without Protection With Protection
Adults Children Adults Children

Moderate cont"nination
Inhalation 0.12 0.84 0.12 0.75
Ingestion i 0.45 6.00 0.15 0.40

Total 0.57 6.84 0.27 1.15

| Severe Contaminatiqn
Inhalation 0.36 2.5 0.36 2.30
Ingestion 1.35 18.0 0.45 1.20

Total 1.71 20.5 0.81 3.50
'

The obvious conclusion cited by the study was that the prophylactic administration
of KI was highly effective in reducing radiciodine uptake through ingestion which;

contributed the bulk of the thyroid dose among unprotected individunis. Because KI
prophylaxis had been delayed and did not commence for several days afier the initial plume
arrival, it did not significantly reduce thyroid exposure from inhalation.

Adverse Reacriane to KI

The most likely population groups to manifest intrathyroidal adverse reactions leading'

to hypothyroidism and hyperthyrnidism are neonates whose mothers were administered KI
during pregnancy and older adults with underlying thyroid pathologies. Although the exact
number of pregnant women who received KI is unknown, a best estimate assumes that
approximately 10,000 pregnant females took 70 or 100 mg of lodide in single or repeated !
daily doses (Nauman 1988). Clinical data for 140,000 newborns delivered in the " severely" |
contaminated portions of Poland and tested for neonatal hypothyroidism indicate that
neither radioiodine or KI prophylaxis alen1Acantly affected the incidence rate of neonatal

,

.

hypothyroidism (Nauman 1988). Among the approximately 8 mimna adults who were '

| administered KI, no single case of thyroiditis was reported. However, among an unspeci5ed
number ofindividuals with a history of Graves' Disease who under medical supervision had
become euthyroid, relapse was expected to have occuned in some, but this remains
undocumented.

E-11
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For extrathyroidal effects, Nauman (1988) reported the following- (1) Among the
10.5 million teenagers and children given KI, only a few minor to moderate allergic
responses were noted and (2) for the 8 million adults, severe but non-fatal anaphylactoid
reactions were reported for only three individuals. There were, however, reports of nearly
5000 cases involving mild to moderate renetions.

The adverse reaction incidence rates experienced by Poles are not directly applicable
to U.S. populations due to significant differences in dietary levels ofiodine.

1

Conclusions

The ability of stable iodide to block thyroidal uptake of radioiodine with an emeiency
approaching 100% is a matter of sdentific observation. For programmatic iodide j
prophylaxis which is primarily directed to the plume inhalation pathway, the single most
limiting factor affecting escacy is time. For effective prophylaxis, stable iodide must be

| administered shortly before and no later than exposure to radiolodine. The potentially brief
time interval between the initiating events of a serious nuclear accident and the subsequent
release of radioactivity into the environment dictates the need for quick dedsions and rapid

|
implementation of emergency actions.

| During the TMI Accident, the absence of available KI clearly limited its potential
| use. For any emergency plan with provisions to provide stable iodide to the general public,
| a readily accessible stockpile and a prompt method for distribution are essential
| requirements. Even when these two requirements are met, distribution to residents in the

immediate vicinity of a nuclear plant may not be achievable prior to plume arrivat Under
mnditions of delayed distribution, the residual prophylactic value would be limited to the |
balance of plume exposure following the administration of stable iodide. An alternative to

!

the stockpiling option, is a limited y.4hibution of KI to nearby residents. The pilot
project undertaken by the Tennessee State health omdals, however, demonstrated the

.

limitations and costs for this option. j
l

To date, the only experience with KI prophylaxis involves the Chemobyl accident. |

| In spite of claims that the Soviets were well prepared for such an emergency, KI distribution
i to nearby residents was delayed by hours to days following the initial burst of released

radioactivity. Similar delays by government oscials in Poland to make KI available,
| reduced or eliminated the emacy of KI to prevent inhalation thyroid exposures. He bulk
| ofiodide prophylaxis was restricted to the avoidance of thyroid burdens from irgestion of ;

| contaminated food products.

The ability to extrapolate the value of iodide prophylaxis on the basis of the
Chernobyl experience to a potential future accident in the United States is complicated by
a host of differences which may either enhance or diminlah its potential benefits or need.

| He following is a partiallist of variables:
i
'
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'

Eng;neering design features of the Soviet RBMK-1000 reactor versus the typical*

United States LWR affect the accident scenario including release fraction, release
rate, duration of release, etc.

Housing and population densities differences for the near-field populations.e r

Pcpulation densities affected by multi-family residents in the Soviet Union have a
profound affect on distribution procedures, methods, and dbtribution efficiency.

Availability of privately owned vehicles may play a key role in the distribution of KI 'e

as well as the prompt and alternative protective measure of evacuation.

Food distribution system and the degree of dependency on locally obtained food*

| products. For the Soviet Union and eastern bloc countries, total or partial
dependency on locally contaminated food products implies prophylactic beneSts fromi

! the ingestion pathway. For U.S. populations, there is a lack of dependency on
localized food products in the event of a nuclear emergency which, therefore, limits
the value ofiodide prophylaxis to plume inhalation of radiciodine.

Dietary intake of iodine. A low dietary intake of iodine (Le., 50-70 pg per day is*

common among European countries versus 125 700 pg per day in the U.S.) increases,

'

the thyroid uptake and thyroid dose for a given exposure condition. The prophylactic
benefit of stable iodide is, therefore, enhanced by low dietary intakes. Offsetting this .

| benefit are the adverse intra- and extrathyroidal effects associated with stable iodide
that are disproportionately seen among persons with low dietary imakes ofiodine.
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Summary of Assumptions Made by and Results of the
Potassium Iodide-Stockpiling Cost-Benefit Ratio Reanalysis

Costs in the new NRC-sponsored study (Attachment 4) were minimized by including
only the purchase and periodic renewal price of the potassium iodide itself; that
is, storage, transportation, and distribution costs were not included. Benefits
were maximized by assuming that any prevented (malignant or benign) thyroid nodule
causes a $500,000 benefit from avoided psychological costs (this is the dominant
benefit), and by assuming that stockpiled KI would be immediately available to the
entire exposed population during an accident (in reality, such prompt distribution
during an evacuation would be unlikely).

The cost / benefit analysis took into consideration the latest knowledge and data
concerning the subjects relevant to this issue. The discussions that are
presented in the cost / benefit analysis report (Attachment 4) for the following
subjects are thorough and concise, and are not repeated in this summary: exposure
pathways, inhalation rates, inhalation dose coefficient, fetal thyroid dose,
efficacy cf internal radionuclides relative to external radiation, risk of thyroid
cancer, risk of benign thyroid nodules, risk of hyperthyroidism, risk to the
unborn, population distribution around U.S. nuclear power facilities, frequency of
severe accidents (releases) at U.S. nuclear power plants, iodine radioisotopes
released during severe accidents, effectiveness of potassium iodide for thyroid
blocking, costs of stockpiling potassium iodide for population segments around
nuclear plants, direct costs of medical treatment, and indirect costs of economic
opportunity lost plus psychological costs.

The key assumptions made by the contractor are stated in boldface type below,
followed by a discussion of the assumption. Also given within the discussion are
corrections suggested by t' e NRC staff as being appropriate to obtain a more
realistic estimate of the cost / benefit ratios from the contractor's results:

.

(1) The cost effectiveness of potassium iodide use can be evaluated independent of
other protective actions such as evacuation or sheltering.

Compared to the actual situation during a real emergency, this assumption
maximizes the benefits calculated for potassium iodide (thus tending to
minimize the cost / benefit ratio and make potassium iodide stockpiling seem to
be more cost effective than it actually would be).

The cost / benefit ratios were derived assuming that the exposed population
continued normal activities, i.e., no evacuation or sheltering was assumed ;

beyond normal amounts of time that would be spent indoors. The benefits were
'

calculated as the dollar value of thyroid illness prevented by potassium
iodide use, which was assumed to have been available to, and promptly taken
by, the entire at-risk population before and during exposure to radiciodine.

During a real emergency, potassium iodide would have to be distributed during
an evacuation or sheltering operation. Since potassium iodide is effective
only in reducing exposure of the thyroid to radiciodine isotopes (potassium
iodide is not effective in reducing any other type of radiation damage to any

,

part of the body, such as that due to noble gases, or strontium, or cesium
i radioisotopes), evacuation or sheltering would be essential in addition to

_}_
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.

potassium iodide use. Evacuation or sheltering would significantly reduce the )
fraction of the population that would be able to effectively (i.e., quickly)

| obtain and use potassium iodide (going somewhere to obtain stockpiled
potassium iodide is not compatible with promptly taking shelter or evacuating i

the area). This incompatibility would reduce the number of people who would i

obtain and effectively use potassium iodide. |

This would reduce the total potassium iodide benefits and increase the
cost / benefit ratio of potassium iodide stockpiling (that is, make its,

|

I stockpiling even less justifiable on a cost / benefit ratio basis). The.

fractional reduction in benefits cannot be calculated in any known rigorous
But if one wishes to move toward "best estimate" or "mean" costmanner.

benefit ratios from the cost / benefit ratios given in the contractor's report,
then for the purpose of illustration it is postulated that at least a factor
of three reduction in benefits (i.e., a factor of three increase in the .

cost / benefit ratio) may be assumed. This would cause the "best estimate" |

cost / benefit ratios to increase by a factor of three (due to this cause alone) |'

above those given in the contractor's report, which were calculated using |

assumptions that give potassium iodide stockpiling a reasonable chance of,

|

being cost effective.

Additionally, with potassium iodide available, its benefits would be further
reduced because some fraction of the at-risk population would f ail to evacuate ,

or take shelter in the mistaken belief that "I don't need to evacuate or take |
I

| shelter - I've taken potassium iodide, and I'm protected". It's considered
unlikely that this factor will ever be quantified; it wouldn't be possible to
collect reliable data concerning this personal, private matter even after an
actual event. But this factor should be noted, even though this paper will
not attempt its quantificatien, since this factor would increase the
cost / benefit ratios by some unknown amount. Increased public education
regarding the limited benefits tf potassium iodide (potassium iodide protects
the thyroid gland from exposure to radiciodine, but potassium iodide provides
no other protection for other sources of radiation exposure to the thyroid |

gland or to other parts of the body) would minimize the increase on the
cost / benefit ratios from this cause, but would not eliminate it completely.

(2) The plume center-line exposure calculations made by the MACCS computer code
are the appropriate representation of expected population exposure to be used
in deriving the cost / benefit ratios for potassium iodide stockpiling.

The meteorological model used in the current " state-of-the art" MACCS code
maintains a straight-line plume over extended periods of time following a
release (i.e., the plume does not meander). This projects unrealistically
high center-line doses for populations located at significant distances from
the release. Any recommended stockpiling of potassium iodide would likely be
in the form of a recommendation that it be stockpiled for "that population
whose exposure is predicted to exceed (some stated limit)". Thus, use of:

unadjusted MACCS code results from our cost / benefit analysis would result in
stockpiling potassium iodide for an unnecessarily large population, thus
unnecessarily increasing the costs of such stockpiling.

The benefits of stockpiling would not be significantly affected by assuming
results based on the non-meandering plume in the MACCS code as opposed to the
more realistic meandering plume. Due to the linear dose model assumed (health
effects are directly proportional to the level of exposure), the total

-2-
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benefits would remain the same. It would not matter whether the same total '
avoided dose were spread among many people each receiving a small dose
assuming a meandering plume, or among a smaller number of people each
receiving a larger dose, assuming a steady plume - due'to the linear dose ,

,
model, the total health effects avoided by potassium iodide use would remain

' the same in the two cases.
|But the costs of stockpiling potassium iodide would be significantly affected

by assuming results based on the non-meandering plume in the MACCS code as
opposed to the more realistic meandering plume. It is estimated (verbal j
estimate on July 29, 1992 by telephone from the contractor's principal :

'

technical investigator to the NRC staff's task manager) that the maximum
radius at which an individual's thyroid exposure might exceed 100 rads or 50
rads (the levels most often mentioned as candidate limits) would be a factor
of three lower in the realistic (meandering plume) case compared to the MACCS
results (steady plume). This comparison is for the most likely case of a
release extending over some hours as opposed to a single, brief but massive
release.

Assuming a uniform population density and noting that area is proportional to
the ;quare of the radius, this implies that if one wishes to move toward "best
estimte" or "mean" cost benefit ratios from the cost / benefit ratios given in
the contractor's report, then for the purpose of illustration it is postulated ;

!that a factor of nine reduction in costs may be assumed. This would cause the
"best estimate" cost / benefit ratios to decrease by a factor of nine (due to
this cause alone) below those given above which were calculated by the
contractor using assumptions that "give potassium iodide stockpiling a
reasonable chance of being cost effective".

(3) No redundancy in stockpile quantities is needed.

The contractor's report assumed that it was only necessary to stockpile the !

exact amount of potassium iodide needed for the population predicted to exceed I

the specified maximum allowable thyroid exposure. !

1

!This is an unrealistic assumption. For efficient distribution, a stockpile is
needed containing at least twice the quantity of potassium iodide that would
be distributed in the event of an accident.

This implies that if one wishes to move toward "best estimate" or "mean" cost
benefit ratios from the cost / benefit ratios given in the contractor's report,
then for the purpose of illustration it is postulated that a factor of two
increase in costs may be assumed. This would cause the "best estimate"
cost / benefit ratios to increase by a factor of two (due to this cause alone)
above those given above which were calculated using assumptions that "give KI
stockpiling a reasonable chance of being cost effective",

i (4) The only cost of potassium iodide stockpiling is the purchase and periodic
replacement cost of the potassium iodide itself.'

| Other costs of potassium iodide stockpiling (transportation, inventory,
I storage space, providing instructions / informational / educational material)
( might not be charged directly to the potassium iodide program. For example, '

the Veterans Administration might volunteer to store potassium iodide " free"
|

|
'
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in its hospitals. Nevertheless, in some less direct way these other costs!

i would be borne by society, and so an increase in the cost (and thus the
cost / benefit ratios) by a factor of at least two for these other costs appears

i to be a reasonable assumption, if one wishes to move toward "best estimate" or
"mean" cost benefit ratios from the cost / benefit ratios given in the

,

! contractor's report, q

|

| (5) It is appropriate to include avoided psychological costs among the benefits
attributed to potassium iodide use. The amount assumed for this benefit is
$500,000 for each thyroid problem of any kind (fatal and non-fatal cancer,
benign nodule, or hyper-thyroidism). ;

This assumption is a departure from previous practice, where the benefits due !
to avoided psychological costs have not been included _ in the cost / benefit
ratio determination. This assumption is presented for the Commission's ;

attention.

Based upon a NRC staff re-tabulation of all of the contractor's results with
the sole exception of the $500,000 avoided psychological costs, it has been ,

found that the cost / benefit ratios are increased by a factor of 9.2 if this ,

benefit is deleted. ,'
Combining all of the above and applying it to the previously presented ;

Cost / Benefit Ratios yields the following: i

KI Cost / Benefit Ratios. Showina Results of
Assumotions that Give A More Realistic Result

I
'

| Population Zone C/B Ratio More Realistic C/B Ratio
(mi. from plant) from contractor's with and without

report with all costs psychological costs

<5 2.2 2.9 27
5 - 10 7.6 10 93

10 - 25 50 67 610
25 - 50 250 330 3100
50 - 100 1000 1300 12000

100 - 150 2300 3100 28000
150 - 200 4200 5600 52000
200 - 350 11000 15000 130000
350 - 500 10000 13000 120000

|

| |
l !

|
|

1

| j
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Enclosure 3 j

. Factors other than the Cost / Benefit Ratio
That May Be Related to Potential Commission KI Policy Recommendations

|

Uncertainties regarding accident frequency.

The Commission typically weights the "best estimate" or "mean" cost /benef it ratio |

most heavily in its policy decisions. Accordingly, all of the cost / benefit ratios ;

given above (except those resulting from the accident frequency sensitivity study) i

are representative of "best estimate" ratios. As such, they are based on the mean |

frequencies calculated for significant releases in NUREG-1150. ;

I

However, it is recognized that estimates regarding accident frequencies and other ;

parameters have a wide uncertainty band. Since the benefits of potassium iodide j
stockpiling are directly proportional to the frequency of using the potassium |
iodide (i.e., the significant release frequency), if one were to perform a 1

sensitivity study, the cost-benefit ratios would change accordingly. For example,
if the sensitivity study indicated that the frequency could be higher by a factor
of ten, then the cost-benefit ratio for various segments of the population
surrounding a nuclear plant would be reduced by the same factor, i.e. by a factor
of ten, as shown in the following table: )

KI Cost / Benefit Ratio Sensitivity Study Showina Result of I

a Factor of Ten increase in the Severe Re';ase Freouency |
|

Population Zone More Realistic C/B Ratio Sensitivity Study C/f_ Ratio |
(mi. from plant) from Attachment 2 with psychological cos?s

with psychological costs

<5 2.9 0.29
5 - 10 10 1.0

10 - 25 67 6.7
25 - 50 330 33
50 - 100 1300 130

100 - 150 3100 310
150 - 200 5600 560
200 - 350 15000 1500
350 - 500 13000 1300

i

!

Present State and Foreign Government Potassium Iodide Programs.

At present, only the states of Tennessee and Alabama have plans to provide
potassium iodide to limited portions of the general population.

Following the TMI experience, in late 1981 Tennessee State Health officials
conducted a program to pre-distribute potassium iodide tablets to all households
within 5 miles of TVA's Sequoyah Nuclear Power Plant. The initial distribution
succeeded in providing the tablets to 66% of the households within that area. i
However, after three years, when the distributed tablets were considered to have '

become out-of-date and to be in need of replacement, only 32% of the households so
advised responded by picking up their free replacement tablets at the local health

3-1
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department. Thus, a few years after the initial distribution, coverage was less-

.
than half complete due to expired tablets that had not been replaced, and due to

! new residents that had moved into the area.
<

The Alabama plan does not include predistribution like the Tennessee plan.
Rather, the Alabama plan calls for potassium iodide to be distributed at reception'

centers, after evacuation, should the State Health Officer decide on its use.

The (former) Soviet Union emergency preparedness plans included procedures for
stockpiling and distribution of potassium iodide tablets. This stockpile provided
tablets for 135,000 persons following the Chernobyl accident.4

Following the Chernobyl accident, in Poland potassium iodide was distributed in
all kindergartens, schools, public health centers, and pharmacies. It was
initially recommended for use by children and teenagers, but not for adults, and i

the government was neutral with respect to a recommendation for pregnant women. ,

As the radiological conditions worsened later during the event, the governmental |
Irecommendations regarding use of potassium iodide became considerably less

restrictive. It is estimated that 10,000 pregnant women used potassium iodide |
during the event along with 10.5 million children and teenagers, j

An ordinance to activate a plan to distribute potassium iodide tablets to 6.9
million inhabitants of Switzerland became active August 1, 1992. The initial
distribution over the first several months will be to 50,000 residents within 4 km
of Swiss nuclear plants. The entire plan is expected to require 100 million
tablets, with distribution to be completed in 1994. The Federal government is ,

responsible for production, distribution, storage, and provision of informational ;

materials about use of the tablets. The initial cost of the tablets is estimated
at the equivalent of irore than V. S. 54 million at current rates with 55% for
tablets, 40% for informational material, and 5% for administration.

In Canada, the policy regarding use of potassium iodide rests with each province.
The three provinces that have nuclear power reactors (New Brunswick, Quebec, and
Ontario) each maintain a stockpile of potassium iodide for the general public
within the " primary zone", which is the area within ten kilometers (6.2 miles) of
each plant. In New Brunswick, due to the sparse population density, potassium
iodide has been predistributed to families within the primary zone of that
province's single plant. In Quebec, potassium iodide is stockpiled at a single
location to be distributed door-to-door by local municipal personnel within the
primary zone of that province's single plant. In Ontario, there are 20 nuclear
power units which are located at 3 sites, each of which has its own stockpile of
potassium iodide which would be distributed to residents in the primary zone.

;

Consideration of opinions and expectations of the general public in setting i

national potassium iodide stockpiling policy.

There is preliminary indicaticn from the staff of Federal agencies [for example,
the Federal Emergency Management Agency (FEMA), and Health and Human Services
(HHS)] that the agencies might favor Federal sponsorship of a reserve potassium
iodide stockpile which could be quickly provided to state or local authorities
upon their request during a nuclear emergency.

This would not require any change in national policy. It only calls for the

acquisition of such a stockpile, and for a communication to state and local

3-2
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agencies.that such a stockpile now exists and would be made available to them upon
their request during a nuclear emergency.

i

These Federal agencies might favor acquisition of such a Federal potassium iodide
stockpile because:

,

(a) potassium iodide was requested during the TMI event and could not be provided4

! in the time frame during which it was thought to be needed (although
i thankfully it was not needed); and

i

1 (b) the Chernobyl event resulted in the actual need for (and tse of) tens of
thousands of potassium iodide doses; and

(c} the occurrence of those events (and other potential precursor events) might be
an indication that the need for potassium iodide could be more frequent than

| predicted based on the NUREG-1150 results.

These Federal agencies might therefore conclude that potassium iodide should be
'

stockpiled as insurance against the general public expectation and belief that
potassium iodide should and would be available if it were ever needed (or even
thought to be needed, such as after TMI).

,

:

a

t

'
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From: Richard A. Dopp (RAD 1b (Ao
To: DFH h * N A~ u CG C_f

Date: Friday, August 21, 1992 2:10 pm !

Subjects Use of NRC Appropriated Funds |

Don:
NRC staff is reviewing some possible positions regarding NRC's
policy regarding the use of potassium iodide (KI) tablets in,

areas near nuclear power plants in the event of a serious
accident. A couple of states and foreign countries have used
" stockpiling" and " pre-distribution" approaches. As the staff
evaluates some studies and approaches, one that has been
discussed is "How about NRC buying KI tablets and supplying
them to all States (if they want them) to be used for
stockpiling, pre-distribution or whatever?" Probably limited co
population within a 5 mile radiius of the plant. Cost might be i

$60K - $100K per year. The hypothetical QUESTION is - Can NRC I

uce appropriated funds to buy KI tablets and provide them to
States? I understand NRC spends some funds on training, etc.,
for States, but am not knowlegdgeable of all the considerations
given to such projects. I did mention this subject to R.
Scroggins. He said he'd mention it to his staff, but that you j

would be the person to contact in OGC. Let me know if I can help i
with more information. Thanks.

i

Dick Dopp (504-1729)

i

1

.!
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| September 18, 1992
:
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I

f NOTE To: Richard A. Dopp B

FROM: Donald F. Hassell, OGC

i SUBJECT: USE OF APPROPRIATED DS TO PURCKASE AND

!. SUPPLY POTASSIUM IODIDE TABLETS
-

,
-

i

|
You have asked whether the NRC may use appropriated funds to
purchase potassium iodide (KI) tablets. Once purchased, thesei

] tablets will be supplied to all states wishing to obtain the
j tablets for stockpiling or pre-distribution. '

!. In order to provide a legal opinion on whether NRC appropriated
funds may be expended for such a purpose, it must first be

,

| determined whether the NRC has the explicit statutory
authorization to expend funds for that particular purpose or, in'

,the alternative, whether such an expenditure is a "necessaryi

{ expense" of the NRC.

| Thsre does not appear to be any specific statutory authority that
! permits the NRC to use appropriated funds for the purchase of KI
| tablets. Absent specific authorization under our organic or

enabling legislation or some other independent statutoryi

authority, the use of NRC's appropriated funds to provide KI
tablets would not be permitted, unless such an expenditure would

,
be authorized under the "necessary expense" rule.;

,

Under the "necessary expense" rule, an agency's appropriated
funds may be expended for a particular purpose under the
following conditions:

;

(1) the purpose of the expenditure bears a,

j logical relationship to our statutory

j mission;

! (2) the expenditure is not subject to another
; appropriation which makes a more specific
i provision for such expenditures; and

i (3) the expenditure is not prohibited by law.
.

I In order to provide a legal opinion on whether this agency's
j funds may be expended for such a purpose under the "necessary
i expense" rule, the first issue that must be addressed is whether

the provision of KI tablets is within the scope of the NRC's*

: responsibilities for offsite radiclogical emergency response as
i it relates to the taking of protective actions. In considering
4

|

4
:
, .
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,
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that issue, the responsibilities for offsite radiological*'

energency response of FEMA and HMS may have to be addressed.2

If you would like an oGC determination on this issue, please let
Joe Scinto know so that he can coordinate the appropriate groups*

in OGC who would be involved in the response to this issue.

3 ,
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$ 4 UNITED STATES [,n
f aE. NUCLEAR REGULATORY COMMISSION

# WASHINGTON, D.C. 2OliE6

M November 23, 1992
*..,*

4

MEMORANDUM FOR: Joseph F. Scinto
Deputy General Counsel for Hearings,

Enforcement and Administration

FROM: Hugh L. Thompson, Jr. :
!Deputy Executive Director for

Nuclear Materials Safety, Safeguards,
'

and Operations Support

SUBJECT: USE OF APPROPRIATED FUNDS TO PURCHASE AND
SUPPLY POTASSIUM IODIDE TABLETS

A note on this subject from Donald Hassell to Richard Dopp, dated
September 18, 1992, is attached. The note was a response to my
original question as to whether NRC appropriated funds could be
used to purchase potassium iodide tablets, and once purchased, if
they could be supplied to the states for stockpiling or pre-
distribution.

The note indicates that further legal research would be necessary
to determine if the NRC has explicit statutory authorization to
expend funds for this purpose or, in the alternative, whether .

such an expenditure is a "necessary expense" of the NRC.

After an extensive review of the potassium iodide distribution
question, I have concluded that purchase of potassium iodide by
the Federal Government, to be supplied to the states upon their
request, would be sound policy. I would like to make that
recommendation to the EDO. You are therefore requested to
provide an opinion as to the legal barriers, if any, to such a
purchase by NRC. In the event that your research indicates that
purchase of potassium iodide would fall outside NRC's authority,
please advise as to what other Federal agency or agencies would
possess such authority.

I'

Ill
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Joseph F. Scinto -2- Noverser 23, 1992 /"
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|

If you need any additional information regarding this request,
'please contact Richard Dopp (504-1729).

1 &
L. Th mp n, . .

ty Execu ve i ctor for |
'

Nuclear Materi Safety, Safeguards, i

and Operations Support
*

'

i Attachment:
As stated

:
cc: J. Taylor, EDO |

E. Beckjord, RES4 '

i E. Jordan, AEOD
F. Congel, NRR J

R. Woods, RES Ii

i P. Crane, OGC
'
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September 17, 1993

MEMORANDUM FOR: Hugh L. Thompson, Jr.
Deputy Executive Director for

Nuclear Material Safety, Safeguards,
and Operations Support

FROM: Thomas E. Murley, Director
Office of Nuclear Reactor Regulation

SUBJECT: REEVALUATION OF POLICY REGARDING USE OF'

POTASSIUM IODIDE AFTER A SEVERE ACCIDENT
AT A NUCLEAR POWER PLANT

I

IIn your memorandum of August 20, 1993, subject as above, you stated that you"

had provided the Federal Radiological Preparedn' ass Coordinating Committee
(FRPCC) copies of the NRC-sponsored report, "An Analysis of Potassium Iodide
(KI) Prophylaxis for the General Public in the Event of a Nuclear Accident." i

You also advised the committee that NRC is censidering a revision to its |
policy regarding the use of KI, including tha recommendation that the Federal :

'

Government stockpile KI. You stated that the EDO has requested that we inform
the Commission of our considerations on thfs issue. For that purpose, you
enclosed a draft Commission paper and requested our comments.

We have considered this matter in consultation with AE00 because both offices
share responsibility for radiological emrergency planning and response. As you
know, NRR is responsible for the regulatory program of emergency planning and
preparedness for all licensed reactors. AE00 is responsible for NRC's emer-
gency response and its integration into national Federal emergency response
plans and programs. Division Directors from NRR and AE0D represent the NRC as i

'

members of the FRPCC.

NRR and AE0D believe Federal policy on the use of radioprotective agents
should continue to be formulated by the 15 Federal agencies in the FRPCC and ,

then endorsed as appropriate by the respective participating agencies. If the i

Commission adopts a formal unilateral position before the FRPCC completes its i

reviews, it will be acting without the benefit of information being developed !

through the FRPCC process.

We recognize that the FRPCC process may seem too slow for persons holding
strong opinions about the need for a new policy. But we do not believe this
is an urgent issue of public health and safety. Accordingly, we recommend

|

!

- - - .
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' Hugh L. Thompson, Jr. -2- September 17, 1993
.

'
!

that the draft Commission paper be rewritten as an information paper to update |

| the Commission on the FRPCC's review of this issue. We believe the enclosed
| information should be included in the Commission paper. ;

C;;- r9
Thomas E. Murley, Director
Office of Nuclear Reactor Regulation

,

Enclosure: [
As-stated !

!
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ENCLOSURE

INFORMATION TO BE INCLUDED IN COMMISSION PAPER

I
The current Federal guidance to State and local agencies on the distribution !
of potassium (KI) was promulgated in 1985 by the Federal Emergency Management
Agency (FEMA) (50 FR 30258) in its capacity as Chair of the Federal Radio-s
logical Preparedness Coordinating Committee (FRPCC). The guidance stated that
using KI to prevent radiciodine from accumulating in the thyroid gland could
be an effective ancillary protective action during a nuclear power plant |
incident. It further stated, however, that many factors made stockpiling or j.

predistributing KI for use by the general public questionable. Therefore, the'

FRPCC recommended stockpiling or distributing KI during emergencies for
| emergency workers and institutionalized persons, but did not recommend

requiring stockpiling or predistribution for the general public.

As described in 44 CFR Part 351, the FRPCC was established to coordinate all
Federal responsibilities for assisting State and local governments in ,

emergency planning and preparedness for peacetime radiological emergencies and I

to enhance Federal response planning and preparedness for such emergencies.
About 15 Federal agencies participate in the FRPCC: FEMA, NRC, EPA, DHHS,
DOE, DOT, USDA, D0D, DOC, DOI, DOS, DVA, GSA, NCE, and NASA.

In September 1989, the American Thyroid Association (ATA) submitted a letter
to the Chairman of the FRPCC requesting that the committee reconsider the
issues involved in stockpiling KI. In a statement attached to the letter, the
ATA proposed that suitable stockpiles of KI be available at central locations
for possible distribution to the public. On the basis of the ATA letter and
statement, the FRPCC asked the Department of Health and Human Services (HHS)
to review the medical and clinical status of the use of KI. In an initial ,

response to this request, HHS reviewed current scientific literature on KI and
its use as a blocking agent. In February 1990, HHS reported to the FRPCC that
no new scientific data had been found that would affect the basis for the 1985
guidance. To ensure a comprehensive review, HHS also decided to solicit, from '

appropriate organizations and individuals, new data, scientific options, and
reports on the experiences of States concerning KI use and distribution. This
resulted in a meeting on issues associated with the use of KI as a
radioprotective agent.

HHS convened that meeting of experts on July 24, 1990 in Atlanta, Georgia (see
I 55 FR 25373). In attendance were representatives of the State and Federal

agencies responsible for medical research, drug regulation, and radiological
emergency response; representatives of medical associations; and nationally
recognized experts in the fields of endocrinology and nuclear medicine. The
meeting was chaired by Daniel A. Hoffman, Ph.D., M.P.H., Assistant Director
for Science, Center for Environmental Health and Injury Control, Centers for
Disease Control.

-
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Dr. David V. Becker, M.D., was the principal spokesperson for the ATA at the
meeting. His 1987 paper, " Reactor Accidents, Public Health Strategies and ,

Their Medical Implications," was distributed to participants (Journal of the
American Medical Association, 1987: 258: 649-654). It contains the following
statement in its conclusions:

For maximum effectiveness, KI must be taken immediately before or
at the time of exposure, a requirement producing major distribu-
tion problems. The logistics of KI distribution are complex and
seem to limit its use to special situations. Significant side
effects can occur from iodide ingestion, although they are not ;

likely to be frequent with the KI dose proposed. In most accident i
'

scenarios, the overall gain from KI use seems to be marginal.

[A copy of Dr. Becker's paper should be enclosed with the Commission paper.]

In October 1990, HHS reported to the FRPCC on its Atlanta meeting. The report
contained the following recommendations:

,

1. The 1985 FRPCC Guidance need not be changed at this time
since no compelling evidence to support a modification was
presented.

2. Existing stores of KI should be inventoried. The FDA has
agreed to attempt to determine the locations and size of .

some KI supplies by identifying large customers of KI .

manufacturers. The FRPCC should request that the Conference
of Radiation Control Program Directors attempt to identify
appreciable supplies of KI within the States by surveying
State Radiation Control Programs.

3. The FRPCC should establish a working group of appropriate
FRPCC agencies to address the issue of stockpiling. Group
objectives should be to:

Review and catalog type, location, and expira--

tion of existing suitable supplies of KI.

Review and determine feasibility of specific-

stockpiling recommendations made by meeting
participants.

Make final recommendations to FRPCC on U.S.-

Government KI stockpiling policy.

[A copy of the HHS report should be enclosed with the Commission paper.]

In 1992, an NRC-sponsored reanalysis of KI policy was prepared by S. Cohen and
Associates. On June 10, 1993, the contractor's report was provided to repre-
sentatives of FEMA and HHS, who co-chair the FRPCC Subcommittee on KI. On
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August 25, 1993, members of the NRC staff and tha principal investigator from
the contractor met and discussed the report with the co-chairs of the KI sub-

,

| committee.
,

The KI subcommittee reported on this new NRC-sponsored analysis at a meeting
of the FRPCC on September 15, 1993. Among other things, before making final
recommendations on the U.S. Government KI stockpiling policy, the FRPCC
intends to seek pertinent information from the States about the practical
aspects of KI distribution and use. If a change in policy is contemplated, we
would expect the FRPCC to develop proposed new policy guidance and formally
seek comment or endorsement from member agencies. As was done in the past,
the NRC staff would' seek Commission review of any such proposed new FP.PCC
guidance to State and local agencies regarding the distribution of KI for use ;

as a thyroidal blocking agent by the general public. {
:
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E03: The Commissioners*

FROM:~ James M. Taylor
Executive Director for Operations

SUBJECT: RE-EVALUATION OF POLICY REGARDING USE |

,

OF POTASSIUM IODIDE AFTER A SEVERE
ACCIDENT AT A NUCLEAR POWER PLANT'

!

PURPOSE:

To seek Commission guidance concerning a possible change in the NRC policy
regarding the use of potassium iodide (KI) as a radioprotective agent for the
general public.

.

JUMMARY:

As part of the effort to resolve a Differing Professional Opinion concerning
the use of KI, the staff recently sponsored a reanalysis of the costs and
benefits of stockpiling potassium iodide for use by the general public, a
protective measure not currently endorsed by Commission or Federal policy.

4

Although the reanalysis continues to show that there is insufficient benefit
2

to justify requiring power reactor licensees to purchase and stockpile
potassium iodide, the balance between costs and benefits is much closer than
when the issue was first examined in the early 1980's. In particular, costs

*

and benefits are almost equivalent for populations within five miles of a
nuclear plant.

J

Results of the reanalysis differ in degree but not in substance from previous
Consequently, there appearsi

studies upon which the current policy is based.
to be little quantitative evidence to support a change in Commission policy on

However, also discussed in this paper are other, equally-'

public use of KI.
important factors which suggest that the Commission may nevertheless consider
such changes. _

There are thr.ee options that can be taken with regard to this matter: (1)
make no change in existing NRC policy, (2) await a request from the
appropriate interagency group which recommends federal policy in this area to
comment on or endorse any proposed guidance before changing the current NRC

' policy, or (3) adopt a change in policy which would encourage the federalemergency planning authorities to acquire potassium iodide reserves that could
Contact: R. Woods, RES
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be made available during a nuclear emergency. The staff is not united in its
views on which is the recomended option. In light of the fact that this is a
national policy issue, and both Commission level and EDO level offices are
involved, Commission guidance is requested.

BACKGROUND:'

The current federal guidance to State and local agencies on the distribution
of potassium iodide (Enclosure A) was promulgated in 1985 by the Federal
Emergency Management Agency (FEMA) (50 FR 30285] in its capacity as Chair of
the Federal Radiological Preparedness Coordinating Committee (FRPCC). As
described in 44 CFR Part 351, the FRPCC was established to coordinate all
Federal responsibilities for assisting State and local governments in
emergency planning and preparedness for peacetime radiological emergencies.,

FEMA, NRC, EPA, DHHS,About 15 Federal agencies participate in the FRPCC:
DOE, DOT, USDA, D0D, DOC, DOI, DOS, DVA, GSA, NCE, and NASA. The NRC, as a
FRPCC member, contributed an analysis (NUREG/CR-1433, Reference 1), which
examined the costs and benefits of using potassium iodide as a radioprotective
agent for the general public. The guidance stated that using KI to prevent
radiciodine from accumulating in the thyroid gland could be an effective
ancillary protective action during a nuclear power plant incident. It further
stated, however, that many factors made stockpiling or predistributing
potassium iodide for the general public questionable. Therefore, the FRPCC
recommended stockpiling or distributing pota'ssium iodide during emergencies
for emergency workers and institutionalized persons, but did not recommend
requiring stockpiling or predistribution for the general public.

In 1989, a Differing Professional Opinion (DPO) was filed by a member of the
OGC staff, which alleged deficiencies in the original cost-benefit analysis
(NUREG/CR-1433) provided to the FRPCC by the NRC. The DP0 suggested that
discussion by the staff at a November 1983 Commission briefing on KI couldi

have left Commissioners and members of the public with insufficient
understanding of the nature of the adverse consequences (thyroid disease) that
use of potassium iodide could avert. The DP0 also suggested that the cost-
benefit analysis, by simply balancing the dollar costs of a KI program against,

the dollar costs of treating radiation-caused thyroid illness, gave inadequate
-

'

consideration to the non-monetary costs of having an illness.

As reported to the Commission in SECY-91-321 (Reference 2), the DP0 panel
developed a simplified analysis of the value and impact of the potassium
iodide policy, including revisions to several factors used in NUREG/CR-1433.'

The panel cor.cluded that no change in the Federal policy was warranted.'

However, in order to take into account all of the issues raised by the DPO, .

and to incorporate new data currently available for several of the factors
used in the analysis, the Office of Nuclear Regulatory Research was directed
to perform a detailed update of the NRC's potassium iodide policy basis,
taking into account both qualitative and quantitative factors.

In September 1989' (Reference 3), the American Thyroid Association (ATA)
submitted a letter to the Chairman of the FRPCC requesting that the committee
reconsider the issues involved in stockpiling potassium iodide. In a
statement attached to the letter, the ATA proposed that:

?redecisional-
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As best as can be determined at this time, no substantial stockpile ,

of potassium iodide is available for public use. Despite the
)
I

unlikely event of an emergency requiring its use,'the ATA believes
that the option of potassium iodide distribution should be available
for consideration to those responsible for public health measures.
To this end, the ATA believes that it would be prudent to have
available at central locations a suitable stockpile of KI for
possible distribution should its use be contemplated.

,

On the basis of the ATA letter and statement, the FRPCC asked the Department
of Health and Human Services (HHS) to review the medical and clinical status
of the use of potassium iodide. In an initial response to this request, HHS
reviewed current scientific literature on potassium iodide and its use as a

In February 1990, HHS reported to the FRPCC that no newblocking agent.
scientific data had been found that would affect the basis for the 1985

i

!To ensure a comprehensive review, HHS also decided to solicit, from '

guidar.ce.
appropriate organizations and individuals, new data, scientific opinions, and
reports on the experience of States concerning potassium iodide use and

j

This resulted in a meeting on issues associated with the use of i

distribution.
potassium iodide as a radioprotective agent.

HHS convened [55 FR 25373) that meeting of experts on July 24, 1990 in
.

In attendance were representatives of the State and Federal ;

Atlanta, Georgia. |agencies responsible for medical research, drug regulation, and radiological !
emergency response; representatives of medical associations; and nationallyThe
recognized experts in the fields of endocrinology and nuclear medicine.
meeting was chaired by Daniel A. Hoffman, Ph.D., M.H.P., Assistant Director
for Science, Center for Environmental Health and Injury Control, Centers for
Disease Control.

'

Dr. David V. Becker, M.D., a signatory to the ATA petition, was the principal
spokesperson for that organization at the meeting. His 1987 paper (Reference
4) entitled " Reactor Accidents, Public Health Strategies and Their Medical
Implications," was distributed to participants. It contains the following

statements in its conclusions:

For maximum effectiveness, K1 must be taken immediately before or at ,

;

the time of exposure, a requirement producing major distribution
problems. The logistics of K1 distribution are complex and seem to
limit its use to special situations. Significant side effects can
occur from iodide ingestion, although they are not likely to be
frequent with the K1 dose proposed. In most accident scenarios, the -

overall gain from K1 use seems to be marginal.

In considering KI use as a public health measure, we are confronted
,

by the problem of establishing sound public policy in the absence of
sufficient scientific information and in the face of conflicting and

|often unrealistic perceptions.
,

The report
In October 1990, HHS reported to the FRPCC on its Atlanta meeting,. ,

(Reference 5) contained the following recommendations:

PredecisionaL
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1. The 1985 FRPCC Guidance need not be changed at this time since no
compelling evidence to support a modification was presented.

2. Existing stores of KI should be inventoried. The FDA has agreed to l
|

attempt to determine the locations and size of some K1 supplies by 1

identifying large customers of KI manufacturers. The FRPCC should
request that the Conference of Radiation Control Program Directors!

attempt to idantify appreciable supplies of KI within the States by
surveying State Radiation Control Programs.

3. The FRPCC should establish a working group of appropriate FRPCC agencies
to address the issue of stockpiling. Group objectives should be to: i

Review and catalog type, location, and expiration of existing-

suitable supplies of KI.

Review and determine feasibility of specific stockpiling-

recommendations made by meeting participants.

Make final recommendations to FRPCC on U.S. Government K1-

stockpiling policy.

In April 1992, a report entitled "An Analysis of Potassium lodide (KI)
Prophylaxis for the General Public in the Event of a Nuclear Accident"

r

(Reference 6) was completed by S. Cohen & Associates under the sponsorship of
NRC's Office of Nuclear Regulatory Research. A summary of the report is given
in Reference 7, with a discussion of the various assumptions made in the
analysis, including the assumption that stockpiled potassium iodide can be
distributed to the population surrounding a nuclear power plant before that
population is exposed to radioactive iodine.

The reanalysis shows that the cost / benefit ratio for use of potassium iodide
by the general public approaches a value of two for the small percentage of
the exposed population within 5 miles of a nuclear plant. The results also
show that the cost / benefit ratic remains from 50 up to 10,000 or higher for
the exposed population further than 10 miles from a nuclear plant.

In June 1993 the report was provided to representatives of FEMA and HHS, who
co-chair the FRPCC Potassium lodide Subcommittee. The Subcommittee reported on

ItthE NRC-sponsored analysis at a meeting of the FRPCC in September 1993. '

recommended initiating two studies to secure State input on implementation
strategies for providing K1 to the public: (1) request the Conference of
Radiation Control Program Directors (CRCPD) to survey those States with
nuclear power plants for opinions regarding Federal purchase and stockpiling
of K1 and on the feasibility of States providing K1 to the public under
emergency conditions; and (2) request the International Atomic Energy Agency
to provide information on existing plans and procedures from member States
related to K1 storage, distribution, and dosage. The Subcommittee will use
the results of the surveys and the NRC cost-benefit study and make

I recommendations to the FRPCC on whether the FRPCC 1985 policy statement on K1
! should be revised.'

Predecisional
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DISCUSSION: )

Reexamination of federal policy on the use of potassium iodide has been
subject to considerable controversy, both within and outside of the NRC. I
Because the reanalysis considers psychological costs, the assumptions and
resulting uncertainties in the analysis have served to exacerbate rather than ,

resolve this controversy. However, there are other factors (beyond those
<

iexplicitly included in the revised analysis) that may influence the
!

Commission's decision regarding potassium iodide. |
I

In support of a continuation of the present policy, that state and local
<

governments should consider stockpiling potassium iodide for use by emergency
workers and institutionalized persons but not for the general public, are the
following:

Perceived Contrast in Commission Policy on Need for Protection-

To some members of the public, existence of a potassium iodide stockpile
(like other kinds of ' emergency planning) may seem inconsistent with a
Commission position that nuclear power plants are acceptably safe, even
though the Commission requires K1 tablets for emergency workers. (On the
other hand, the stockpile may provide reassurance to others that the j

Commission has taken appropriate measures to deal with remote |

contingencies).

Correct Emphasis on Protective Measures-

Use of potassium iodide could be an effective auxiliary protective
measure for the general population under some conditions, but the primary
protective measure for most individuals is, and should continue to be,
evacuation.

Psychological Costs in the Regulatory Decision Making Process-

The current Commission policy on potassium iodide focuses on the monetary
costs of illness in the recognition that non-monetary costs (discomfort,
pain, anxiety, etc.) do not lend themselves to being quantified.

Inappropriate Sense of Protection-

'

In the case of predistribution, self-administration of potassium iodide
may lead to an inappropriate sense of protection (e.g., "I took potassium
iodide so I don't have to evacuate").

In support of a change to the existing policy, which would encourage federal,
state, and local authorities to acquire potassium iodide reserves that could
be made available during or before a nuclear emergency, are the following
considerations:

Efficacy of Potassium Iodide as Radioprotective Agent-
,

I Based on the ability of K1 under optimal conditions to eliminate nearly
| all internal thyroid exposure (Reference 3), use of potassium iodide as a
| thyroid-blocking agent is widely accepted.
!

Prececisional!
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Low Cost of Stockpiling-

7

The absolute cost of stockpiling is very modest ($100,000 to a few
$100,000 depending on the population radius to be protected, with a
yearly maintenance cost somewhere around 20% of the initial cost). Costs
in this range present no significant barrier to stockpiling and are
probably less than the cost of the continued studies.

Policy Applies to the Populations Closest to a Nuclear Power Plant-

i
The recommendation to exclude the general population from the existing
potassium iodide policy is based on perceived lower risk to the general
public, higher costs of stockpiling for a greater number of people, and
the ability to evacuate the general public during an emergency. These
considerations are less pronounced for~ populations closest to a nuclear
power plant where the risk is highest and the number of people is
relatively small.

Consistency with Some State and Some Foreign Government Potassium Iodide-

Programs

Several states, including Alabama and Tennessee, and a number of foreign
governments (e.g., the Canadian provinces of New Brunswick, Ontario and
Quebec, Austria, the Czech Republic, Poland, Slovakia, the former Soviet
Union, and the United Kingdom) have plans to provide potassium iodide to
limited portions of the general population near nuclear power plants.
The staff's proposal would bring the Commission into line with what has
become, especially since the Chernobyl accident, generally accepted
practice in some parts of the developed world.

Expectations of the General Public-

There is the perception that potassium iodide should be stockpiled as a
measure consistent with general public expectation and belief that
potassium iodide should and would be available if it were ever needed (or
even thought to be needed, such as at Three Mile Island).

The Commission may consider: (1) no change in existing NRC policy, (2) await a
request from the FRPCC to comment on or endorse any proposed FRPCC guidance
before changing the current NRC policy, or (3) adopt a change in policy which
would encourage the federal emergency planning authorities to acquire
potassium iodide reserves that could be made available during a nuclear
emergency.

OPTIONS:

1. Make no change in existing NRC policy.

This option would result in continuation of the present policy that state
and local governments should consider stockpiling potassium iodide for
use by emergency workers and institutionalized persons but not for the

j

I
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general public. However, the public may consider the 1985 policy
contradictory because on the one hand it states that KI can be an
effective ancillary protective action during a nuclear power plant
accident, and on the other hand, it does not support Federal stockpiling
or predistribution of K1 so that it could be made available to provide
protection to members of the public.

2. Await request from FRPCC to comment on or endorse any proposed new FRPCC
guidance before changing current NRC policy.

This option is favored by the Deputy Executive Director for Nuclear
Reactor Regulation, Regional Operations and Research and the Director,
Office of Nuclear Reactor Regulation, and the Director, AE00 because it
is consistent with the established federal process of waiting for the
FRPCC to formulate federal policy that is subsequently commented on or ,

!endorsed by member agencies. It would result in continuation of the '

present policy until the FRPCC completes its studies, reconsiders the
|federal policy, and seeks the NRC's position on any proposed new FRPCC

guidance. However, the current Commission policy on stockpiling potassium
iodide may be an impediment to the willingness of the FRPCC to propose ,

policy changes. Furthermore, we are spending almost as much money j

continuing to study this issue as it would likely cost to establish
'

|potassium iodide stockpiles.
l

3. Revise the current Commission policy now. !

!

This option is favored by the Deputy Executive Director for Nuclear
Materials Safety, Safeguards and Operations Support who has been ,

primarily involved in attempting to reach resolution of the Differing,

Professional Opinion related to potassium iodide since it crossed EDO and
Commission level offices. It would result in the approval of the

|following position:
|

Even though severe releases from potential accidents at NRC-licensed
'

nuclear power plants are extremely unlikely, the Commission recognizes ;

'

that in that unlikely event, potassium iodide could prove effective and
useful under certain conditions. There also may be a benefit to the
public in the immediate vicinity of the nuclear power plant in knowing
that, in that unlikbly event, a stockpile of potassium iodide will be
available if needed.

for these reasons, the Commission supports the Federal Emergency
Management Agency, which has the appropriate statutory authority for such_,

expenditure, if it wishes to promulgate a new federal policy that
includes maintenance of a potassium iodide stockpile. This stockpile
could be made quickly available to state and local governments in the
unlikely event of a severe release from a nuclear power plant, or (on a'

strictly voluntary basis) be made available to the State emergency
planning personnel for stockpiling in the local vicinity of the nuclear

.

'

power plant, if they so desire.

-
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COORDINATION:

The Of fice of the General Counsel has reviewed this paper and has r.o legal
objection.

RECOMMENDATION:

The staff is not united in its views on the recommended option. In light of

the f act that this is a national policy issue and both Commission level and
ED0 level offices are involved, the staff requests Commission guidance on the
options presented.

|,

/.__,
-W

J es M. Ta or
xecutive irector
for Operations

Enclosure:
Present NRC-Endorsed Federal Potassium

lodide Stockpiling Policy .

Commissioners' comments or consent should be provided directly
to the Office of the Secretary by COB Wednesday, December 8, 1993.

Commission Staff Office comments, if any, should be submitted
to the Commissioners NLT Wednesday, December 1, 1993, with an
information copy to the Office of the Secretary. If the paper
is of such a nature that it requires additional review and |

comment, the Commissioners and the Secretariat should be (
!apprised of when comments may be expected.

DISTRIBUTION:
Commissioners
OGC
OCAA
OIG
OPA
OCA
CPP
EDO
SECY
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Present NRC-Endorsed Federal Potassium Iodide Stockpiling Policy

The present policy was established by the Federal Emergency Management Agency
(FEMA), the chair agency of the Federal Radiological Preparedness Coordinating
Committee (FRPCC), based upon the NRC-sponsored cost / benefit study
" Examination of the Use of Potassium Iodide as an Emergency Protective Measure
for Nuclear Reactor Accidents", NUREG/CR-1433, Sandia National Laboratories,
March, 1980 (Reference 1).

The final Federal policy was published by FEMA in the Federal Register, Vol.,

50, No. 142, July 24, 1985, cf. 30258, which states in part:

"In summary, the policy recommends the stockpiling or distribution
of KI during emergencies for emergency workers and institutionalized
persons, but does not recommend requiring predistribution or
stockpiling for the general public."

Prior to its publication in the Federal Register by FEMA, a draft of the
proposed policy had bann presented to the Commission for their negative
consent by SECY-85-167. " Federal Policy Statement on the Distribution and Use
of Potassium Iodide", May 13, 1985. In SECY-85-167, the Commission was
informed that:

...The proposed Federal position with regard to the predistribution"

and stockpiling of KI for use by the general public is that it
should not be required. The new draft policy statement observes
that while valid arguments may be made for the use of KI, the
preponderance of information indicates that a nationwide requirement
for the predistribution or stockpiling for use by the general public
would not be worthwhile. The statement leaves the decision on the
use of KI by the general public to the state and local authorities
on a site specific basis. ..."

By a Memorandum to William J. Dircks, EDO, from Samuel J. Chilk, Secretary,
"SECY-85-167 - Federal Policy Statement on the Distribution and Use of
Potassium Iodide", June 11, 1985, the staff was infnemed that "...the
Commission has not objected to your proposal to concur with the new draft
Federal Policy Statement on Potassium Iodide."

As described in complete detail in SECY-85-167, the above-described approval
by the Commission of the final form of the Federal potassium iodide policy (as
published in the Federal Register, cf. 30258) followed a series of events
during which the Commission had earlier stated that they favored inclusion of
a recommendation against requiring the distribution and use of potassium
iodide by the general public. This was later changed to reflect that the
Commission favored inclusion of a statement that they believed "...this
protective action is not worthwhile. ..." The final form of the policy,
without such a statement, was approved by the Commission (as described above)
following an 0GC recommendation (SECY-84-161, April 17, 1984) that theI

Commission adopt a more neutral approach to the distribution and use of
potassium iodide as a protective action.

l
Predecisional



_ - _ _ -- .. . _-- - - - - _ -. - _ _ - -

-

;
'

4 ENGLOSURE .

'

i SM i
,

| NUCLEAR MANAGEMENT AND RESOURCES COUNCIL )

| 1776 Eve Street. N W. . Suite 300 . wastungtert DC 2CD063706
|

|' (202)872 1280
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! December 7,1993
,

.

4

:

! The Honorable Ivan Selin
! Chauman
! U.S. Nuclear hea1=wy Cammininn j

i Wa*binatan, DC 20555 i
'

!

!

: Dear Mr. Chairman:
!

! The Nuclear Regulatory Camminion announced in the Federal Regrster

! (55 Fed. Reg. 39768) on Sqw=her 28,1990, that it is reconsidenng the federal policy
issued in July 1985 on distribution and use of potassium iodide (KI) during an

;

j emergency. The present federal policy is that prediscibution or stockpiling cf K1 far use

| by the general public shall not be required. We understand the Commission is presently
j considering input from the staff on this subject contained in SECY-93-318, "Reev=1=='==
! of Policy Regarding Use of Potassium Iodide After a Severe Accident at a Nuclear Power

| Plant."

:

We completed a review of events that have oaua d since July 1985 that may;

| support ah=9g the present policy. The results of that review are provided irrthe
! enclosed white paper, " Review of Federal Policy on Use of Potassium Iodide."
;

! The indusuy believes that the nacLailiae or predistribution of potassium iodide

| will not add any significant public health and safety benefit to the adequate level of
protection cmrently provided by existing myocy preparedness at and around,

! cammercial nuclear power plantr Events that have occurred and studies initiated since

i the 1985 federal policy make a strong case for maintaming the current policy. In addztion
to the substannal cost ==w to our indusay that we believe are unjustifiable, ;ii

j M~ Lailing or predistribution and the associated public~ education would result m a -

i ;-:= : illy significant negative public perception. The industry strongly urges NRC to
retain its current policy as providing adequate protection of public health and safety.

'

:

i
i
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The HonorableIvan Selin
*

i W W 7,1993

l Page 2 '

2. ,

.

!

If the Commiesian has any questions regarding the enclosed white paper, please'
-

| callme orTomTipton.
;

Sincerely,
;

!

/t<$*| Job -

~

J ' F. Colvin
.

t
4

|~ JFC/TET: pig

i. Enclosure

| c: C '4 .er Kenneth C. Rogers*

Conunissioner Forrest J. Remick
,

cammiteioner Gail De Planque
.

i James M. Taylor, Executive Director of Operations
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INDUSTRY WHITE PAPERj

i

! REVIEW'OF FEDERAL POLICY ON USE OF POTASSIUM IODIDE
i
:

^

I

j INTRODUCTTON

%
j On September 25,1990, the Nuclear Fegnlatory Cammincion (NRC) announced in

!. the Federal Regrster (55 Fed. Reg. 39768) that it is reco edW the federal policy on
j the distribution and use of potassium iodide (KI) during an emergency. The purpose of

| this industry white paper, " Review of Federal Policy on Use of Potassium Iodide," is to

! di ~~ teekniaal and historical y igdves pertment to i== : kn of the policy-for ,

'

j aa-L niling and public use of potassium iodide for hypothestzed nuclear power reactor
' - eid-ts. Study of these issues clearly demonstates that stockpiling and public use of

potassium iodi!.c will not add any significant public health and safety benefit to the l

adequatelevel of estion -. dy pmvided by plant safe operations and on-site and I-

off-site emergency roy..d.v s acavities. The industry stmngly urges NRC to close
.-- == d- ation of this issue and to retam the carent policy.

,

t

i

FEDERAL POLICY CONSIDERATIONS

i The use and application of potassium iodide as a thyroid blocking agent in a |
:= diad = emergency has been debated for at least 15 years. On December 15,1978, the

| Food and Drug Administration (FDA) issued a notice in the Federal Register (43 Fed. !
Reg. 58798) announcag its conclusion that potassium iodide was safe and effective for

.

use as a thyroid blocking agent in a radiation emergency under certam specified- !

| conditions. ~nne final rea-mandaniane noted that uncertamnes still exist about its use :

and side offacts. The FDA noticed the av=it Miity ofpotassium iodide in its final'

reammendafian and stated that "[e]ach state is responsible for fa-alad=g g'dd-=-- on
i

i when, if at all, the public should be supplied with potassium iodide alor.g with
j instructions on how to use it." FDA also *=ahad'ad that "[t]hese final recammendarians
j on potassium'iodsde use must be seen in the context of radiation emergency pt ==i=g as a
; whole. The use of potassium iodide in radiation emergencies is not a panacea." 'The
j NRC's "P--=I-+ary impact ofNuclear Reactor Accident Source Term A" c "==." i

,

i NUREG-0771 June 1981, supported the FDA's position and ree-dad that e-phede ,

! be placed on other, more comprehensive emergency protection measures.
i

-

NUREG/CR-1433, " Nuclear Regulatory Camnnt<ian, 9 iaadon of the Use of'

Potassium Iodide (KI) As An Emergency Protective Measme for Nuclear Reactor
Accidents," March 1980, prepared by Sandia National Laboratories for the NRC, stated

.
'

1

.
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that based on cost effectiveness the use of potassium iodide was not wonhwhile. His
report also emphasized that potassium iodide was not a panacca and that its use =W to ')
be balanced against the cost and effectiveness of other protective measures such as
sheltering and evacuation.

T1 - F4cralEs sv.ocy Management Agency (FEMA) and the NRC have been
consider.eg se + piling potassium iodide since 1981. Richard Krimmi of FEMA testi6ed
on the is:m E , lore Senator Simpson's Subcommittee on Nuclear Regulation in April
1981, and again before Representative Markey's Subcommittee on Oversight and
Investigations in March 1982. At both ha-inge FEMA was supportive of the use of

;

pa*=* i- iodide for the general public in an emergency, but recognized that its use |

should be evaluated by each state or localjurisdiction and that specific plans for
distrik'*iaa adminimative and =adie=1 assistance would be needed by these -.

g - ~ -- ifPO'"**inm iodide were to be effective.

FEMA published a notice ofissuance of Federal Policy, " Federal Policy on i

DLewiMion of Potassium Iodide AroundNuclear Power Sites for Use as a nyroidal i

Blae14=g Agent," (50 Fed. Reg. 30258, July 24,1985). He ='idaace provides
jusufication for the use of potassium iodide for emergency workers and institutionalized
individuals and stated that, "[t]he Federal position with regard to the predistribution or ,

'

=elmiling of potassium iodide for use by the general public is that it should not be

% si." ne Fedarol Register notice also identMed issues re sug stoelmiting ands
distribution that remain pertinent today, "[a]ny decision by state and local authorities to
use KI should be based on the conditions and site enviran=ent for the specific operatag
c~a=areial nuclear power plant and should include detailed plans for distribution,
pd=inietration, and medical assistance."

He NRC announced that it is recoa id- mg the current federal policy on.the
distnbution of K1 (55 Fed. Reg. 39768, Sap'==M 28,1990) based on a request by the
Amenean nyroid Association in Say-'aW 1989 for the establishment of a national
stockpile program. De NRC stated in the Federal Regrster notice that it believes that the
cost / benefit ratio supporting the current policy may have narrowed, based on m+d=e
during the Chernobyl accident, and a r-Medan in the cost and increase in the shelf-life of
potassium iodide.

As part ofits reconsideration, the NRC d ==-i a study in June 1993, " An
Analysis of Potassmm Iodide (KI) Phrophylaxis for the General Public in the Event of a

t Asmuner Asmunam Dimmar. oerum of Nahual and Tochaefosunt Hasses, Fedessi E- y

u-- -- Aguacy,"Pouennalodide %m== * AIF Coadstase Ocactw C.19s2.

:
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! Nuclear Accident," April 1992.2 In Chapter 7. "The Applicability of K1 Cost-Benefit
Rataos to Policy Daei*iaa" the analysis document states "[t]he unencumbered and directi

; application of the denved cost-benefit rados for KI in a policy decuion can in fact be
i justitied only under the following two conditions." A valid policy decision must (1)
! weigh the potential impact of model uncensinties and (2) the pmphylactic use of KI in
j the context of other protective measures. The report goes on to state that, "these two

! conditions do not exist." The report concludes by stanng, "Although these cost-benefit
! ratios as credible and objective u current data allow, caution must be exercised in using

| these values in a policy decision."
i
i
4

| CHERNOBYLIMPLICATrCNS
4

i The NRC's NUREG-1251, Final Report, Vol.1, April 1989, "hnplications ofbe

! Accident at Chemobyl for Safety Regulation of Commercial Nuclear Power Plants in the

! United States," Chapter 4 " Emergency Planmng," reviewed facts about the Chemobyl
j accident and their impact on emergency p1===ing and preparedness around U.S.

emnmarcial =- 'a powerplants. It addressed the contrasts in emergency p!- -Qj -

j noting the more advanced levels of emergency planning and response capabilities around
i U.S. plants. It also discussed specifics of the releases unique to the RBMK design,
! noting that radioscrive material paeaadaily released would be considerably less for U.S.

| plants because they have substantial containments. Chapter 4 also stated that, "[a]lthough
low-probability, fast-moving accident saq~aeae are possible, severe ---idaats at U.S.,

! plants would, in general, progress more slowly, remina* in longer tunes before release."
: This allows for employmg sheltenng or immediate evacuatior'. as a more pmdent

j rm 6ve action.
:

! The " Conclusion and P aca==andanan<" portion (Serdon 4.2.4) of NUREG-1251,
j states that the use of potassium iodik. for the &amabyl inc aient does not alter the U.S.

! p,w. <Hs policy on predistributeg or =+aebiling KI for use by the general public; it
j. should not be r%,-.d.
1

1

j NUREG 1251, Secuon 4.2 " Medical Services," re *=ad the use of potassitun

| iodide for the public around U.S. nuclear power facilides based on the Chernobyl
experience. Section 4.2.3 " a ee*===aar tares, "[f]ar: members of the general public,j s

j however:, these conditions [ exposure to release over an extended period] generally are not
scr mble, because evacuation is g-*11y feasible and, when c==iad out, is moreui

i
effactive in donc reduction than adminstration of KI, since it can reduce the dose for all

,

! 2 s. cc,hm a A- lac _ conuset No. Nac.oa.90-o70, prepared for U.S. Naciesr Resniatory

} e-a= Raamor and Plana Safety lasmas 8sanch. Division of Safety issue 8,= alma Of5cs of Nucisar
: Rapdasory Rassmach
;

j -3-
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body organs and not merely the thyroid gland. Because of these considerations, thej

policy statement concludes that a nationwide requirement for the predistribution or
'

s*~+ ail' g for use by the generalpublic would not be worthwhile. It further concludesj =

|
that the decision to use KI shcald be made by the States and, if.pr r.iate, by locale

|
authorities on a site-specific basis.... The apparently saE=#=1 use of KI at Pripyat does
not alter the validity of guidance that recognizes that evacuation of the general public in

!. the affected area could result in a greater overall dose reduction.
,

'
a

The NRCs most recent report also reviewed the Chernobyl experience and in
:

3;

|
Appendix E "KI Experience in Past Nuclear Emergencies" it concluded that while KI
was distributed to the public, "... the bulk ofiodide prophylaxis was restricted to thei

i av id==re of thyroid twiss from the ingestion of ce===i=~d food products." The

|
report recognizes that use of KI to counter some effects due to people eating .

er=*==i=~d food was more necessary at e h-nnbyl than would be the case in the U.S.j

i due to differences in food distnbution systems. The report states, "{fjor U.S. po-f -daae.i

| there is a lack of sp='==y on lae=lind food rmiiicts in the event of a nuclear

| emergency which thesfore, limits the value ofiodide prophylaxis to plume inhalatian of
! r-di.-4 r- " With the less localized food distribution situation in the U.S., food

i interdiction is more possible, and indeed is preplanned and periodically exercised. As

i with evnenmian. interdiction is preferable to use ofpe==in= iodide because it provides !
l

j protection forthe whole body.

1

! The report also recognized additional circumstances that could decrease the value

|
of public use of potassium iodide in the U.S. in comparison to the O~nnbyl setun5-
These include:'

I
'

M-= of the RBMK vs. typical U.S. LWR- specifically the accident
t

i .

scenario including release fraction, release rate, duration of release,
(Section 7.1.1 " Reactor Ac id-~ Frequeneses" states. "the values ofreactorj
socident W= -i- used in this report must be regar6:d as the single most
eignme==r uncertamty -N 1the cost-ba=#it ratio...");

,
'

HMg de==>dee in the Soviet Union "[p]opulation densities affected by.j

| -- W=J1y residems in the Soviet Union have a profound affect on
distribution procedures, mah-I and distribution efficiency"; and

" Dietary maske ofiodine. A low dietary intake ofiodine (is common; .

among European countries; the opposite dietary situation applies in the!,
-

i
k

j 3 An A - . of 7e - 2 f4 (Kn 7._..J- = for the t' .: 7 in the Event af s Nh
AampanL Agun 1W2.1

J

l
\
l -4-
a

.

!

!

!
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U.S.) increases the thyroid uptake and thyroid dose for a given exposure
condition. The prophylactic benefit of stable iodide is, therefore, enh==r-ad
by low dietary intakes."

The fact that potassmm iodide distribution is fairly conunon practice in Europe is
not a valid reason for changmg the current policy in the United States (U.S.). There are
ci-ai6-ae differences in the level of U.S. and European emergency preparedness (e.g.,
%- L daa. traming, facilities, equipment, and regulatory oversight) that need to be
considered in evaluanns the relative additional benefit of potassium iodide within the

| U.S. programs which stress rapid cap @iliy for notification and evacuation if naadad
Study ofiodine prophylaxis associated with the Chernobyl accident hi=hligha these and
ei-aid--- societal differences. Review of chanabyl indicates potasstum iodide would
be ofless benefit in the U.S. due to the additional r ctive features of our pmy usv

| Programs.

| .

i

SOURCE TERM WORK

A comparison of the 1975 WASH-1400 results (the current basis for the federal
policy) with NUREG-1150, " Severe Accident Risks: An Anse==mem for Five U.S.
Nuclear Power Plants," October 1990, shows that the accident frequencies and somte
terms were originally overstated by one to two orders of == ?=ide. Drafr NUREG- |

1465, " Accident Source Terms for Light-Water Nuclear Power Plants," June 1992, notes
the differences compared with WASH-1400 in the chemical transport ofiodine; thus the

,

iod%e available for release to the environment is also lower. These advancements in
'

m*d-di== of accident source term argue against source term as ajustification for
change to the carent federal policy on KL

._

iEPA PROTECTIVE ACTION GUIDELINES

'Ibe Environmental Protection Agency (EPA) issued its final guidance on
pw.cgive action pd-has " Manual of Protective Action Guides and Protective Actions
for Nuclear AMd-a* " EPA 400-R-92 001, May 1992. EPA reviewed the use and
applicanon of potassium iodide in Appendix C, " Protective Action Guides for the Early
Phase: Supportag :- r- ==h." Secnon C.2.3, " Thyroid Bl~-W: " EPA agreed with
FDA that use of potassium iodide has been identified as an effective protective action, but
noted,*[e]vacuation and sheltermg are, however, preferred altematives for most
situanons ':ause they provide protection for the whole body and avoid the risk of
misapplicata ofpotassium iodide." .

.

1' '
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FOREWORD

The enclosed report has been prepared to address specific questions that have been
raised regarding the cost benefit of KI prophylaxis as presented in a previous Draft Report.
The. initial intent of the Draft Report was to employ model parameters that would give KI an
enhanced chance of being cost-beneficial. To that effect, several assumptions were
incorporated into the derivation of a final cost-benefit ratio that are now considered less than
realistic.

Given the complexity and variability of circumstances surrounding potential reactor
accidents, the selection of " realistic and defensible" model parameters demands subjective
decisions that are not without personal bias. For this reason, parameter values proposed in
this report should be viewed as best estimates only. For near-field receptors, at least two
significant limitations of the MACCS computer code that affect the cost-benefit of KI are
also identified.

Structure of the Reoort

This report consists of three main sections, progressing from background information
to final findings, discussions, and conclusions. Section 1 provides background information
regarding the severe accident risk model defined by NUREG-1150 and employed by the
MACCS code used in the cost-benefit analysis. Information presented is germane to Sections
2 and 3 that follow.

Section 2 briefly summarizes salient elements of the cost-benefit methodology
employed in the Draft Report. A review of this methodology is vital to the understanding of
modifying factors. This section identifies five specific model parameters that have significant
impact on the cost-benefit of KI. Best estimates for these parameter values are given, and a
generic equation is provided that allows substitution of any/all values considered more
appropriate.

Section 3 discusses the potential role of evacuation in context of the severe reactor
release categories defined for the Surry plant. It establishes the important link between the
initiating event (s) of a serious reactor accident and the impediments to prompt evacuation.

An Appendix is provided that identifies costs for nuclear facilities based on site- !
specific demographic data. !

!
;

.
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1.0 AN OVERVIEW OF THE SEVERE ACCIDENT RISK MODEL APPROACH j

DEFINED BY NUREG-1150 AND EMPLOYED BY MACCS i

1.1 General Methodolorv - |

|
The Draft Report (An Analysis of Potaccium Iodide (KI) Pronhylaxis for the General j

Public in the Event of a Nuclear Acadgn!), identified four principal reactor release
categories for the Surry plant, whN. were considered to be representative of a LWR. It is *

important to recognize that the four principal reactor accident release categories do no! |
describe individual accident sequences but rather correspond to distinct gmas of accidents. !

The principal tool used in NUREG-1150 for characterizing the possible scenarios was I
the accident orocression event tree (APET). The event tree is a computational tool used to :

display the combination of plant system failures that can result from an accident initiating ;
event. (Initiating events are explained below and include support system failures such as !
electric power or cooling system water faults.) From system event trees, combinations of I
plant system failures are identified that can result in core damage for each initiating event. |

An individual path through such an event tree (a specific accident sequence) identifies a |
unique combination of system successes and failures leading to (or avoiding) core damage. !
As such, the event tree qualitatively identifies what systems must fail in a plant in order to f
advance the initiating event towards core damage. ;

In order to estimate the frequency of individual accident sequences, the failure ;

probability of each system must be obtained. The important contributors to failure of each .

system are defined using fault tree analysis methods. Such methods allow the analyst to I
identify the ways in which system failure may occur, assign failure probabilities to individual
plant components (e.g., pumps, valves, electrical components, etc.) and human responses to J
the system's operation, and combine the failure probabilities of individual components into an ]
overall system failure probability.

,

For a given initiating event, there are many permutations of intermediate events (i.e.,
accident sequences), which may all lead to the common endpoint of core damage. Initiating
events leading to core damage include both internal and external events. For the Surry plant,
the accident sequences initiated by interna! events include:

1) Station blackout.
2) Large and small loss-of-coolant accidents (LOCAs).
3) Anticipated transients without scram (ATWS).
4) All other transients except station bhckout and ATWS.
5) Interfacing-system LOCA and steam generator tube rupture.

The relative contributions of these groups to the mean internal-event core damage
frequency at Surry are shown in Figure 1-1.

1-1
'

\
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Collectively, internal events leading to core damage have a frequency of 4.0E-5 per year.2

,

Accident sequences initiated by extemal events imponant at the Surry plant are
limited to two general categories: (1) seismic and (2) fire.

~

;

i
"Ihe relative contribution of classes of seismically and fire initiated accidents to the

total mean frequency of externally initiated core damage accidents is shown in Figure 1-2.
.

Seismically initiated loss of off-site power plant transients and transients that (through
cooling system failures) lead to reactor coolant pump seal LOCAs are the most likely causes

,

of externally initiated core damage accidents.

<

.

In total, externally initiated accident sequences that lead to core damage have an estimated
frequency of 1.3E-4 per year.

A detailed description of individual accident sequences important at the Surry plant
(as contained in NUREG/CR-4550) is beyond the scope of this document. For illustration,-

however, two brief summaries of example scenarios are provided below in which the internal
'

| and external initiation events involve (1) loss of off-site power (LOSP) and/or (2) loss-of-
: . coolant accident (LOCA).

| Station Blackout Caused by Internal Events

| IAss of on-site and off-site ac power results in the unavailability of the high-pressure j
injection system, the containment spray system, the inside and outside containment 1

spray recirculation systems, and the motor-driven auxiliary feedwater (AFW) pumps.
While the loss of all ac power does not affect instrumentation at the start of the
station blackout, a long duration station blackout leads to battery depletion and
subsequent loss of vital instrumentation. Battery depletion was concluded to occur
after approximately 4 hours. The ability to subsequently provide decay heat removal
with the turbine-driven AFW pump is lost because of the loss of all instrumentation
and control power. Approximately 3 hours, beyond the time of battery depletion,
were allowed for restoration of ac power before core uncovery would occur.

1-2
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Figure 1-1. Contributors to Mean Core Damage Frequency from

Internal Events at Surry.
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Figure 1-2. Contributors to Mean Core Damage Frequency from External Events at Surry
!

Seismically Initiated Station Blackout /LOCA |
Seismically initiated loss of off-site power plant transients may lead to cooling system ;

failures inclusive of the reactor coolant pump seals. The failure of coolant pump '

seals results in a reactor coolant pump seal LOCA. Concurrently, station blackout
,

1
I

l-3 1

- .



. - . - . . - _ _ ._ . _._ _ _ _ ._._ _-_ _ . . . . _ . . __.. _ ._ _ . _ _ ._

4

V i

t

also results in the unavailability of the high pressure injection (HPI) system, as well {
j as the auxiliary feedwater motor-driven pumps, the containment spray system, and the i

!

inside and outside spray recirculation systems. Continued coolant loss through the
failed seals, with unavailability of the HPI system, leads to core uncovery. ;

,

l.2 Accident Relence (Nteoories for the Surry Plant'

1

For the Surry plant, the accident sequences' that not only lead to core damage but ;
j
' result in the release of significant quantities of radioactivity are grouped into four release

i categories. These accident release categories reflect grouped accident sequences which share

i a common initiating event (independent of whether it is internal or external) and major
accident progression characteristics.4

L

The characteristics of the four accident categories, RSUR-1 through -4, are given in
Table 1-1. For the first three categories,'the initiating event of the accidents is the loss of

I off-site power, while for the other category, RSUR-4, the initiating event is containment

[_ bypass resulting from a large break in a system interfacing with the primary reactor cooling
system. The highest release of iodine is associated with the release category RSUR-1 in

: which the containment rupture coincides with the breach of the reactor pressure vessel
3 induced by steam explosions. For the RSUR-2 category, the containment failure involves a

leak and follows the occurrence of corium and concrete interaction (CCI). For RSUR-3, the
>

: containment functions as intended, and a release occurs through a leak that is within the

i design limits of the containment. The RSUR-3 source term is further mitigated by the

: operation of a containment spray system which is not available for the other three categories.
1 For RSUR-4, no containment failure occurs but two plumes are released by bypassing the

containment. For all four accident categories, CCI occurs, and the reactor coolant system is

: at low pressure (<200 psia) at the breach of the reactor pressure vessel.

|
- nuclear plant in which significant quantities of radioactivity are released. The accident

The four accident categories represent all the accidents postulated for the Surry
.

frequency release time (s), release duration (s), and source term (i.e., fraction of corej
inventory released) are shown in Table 1-2.4

. \
4 )
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Table 1-1. Accident Characteristics for Surry

Release Plant Accident Progression Characteristics
Category Damage

'

State Containment Containment CCI Amt. RCS Pres. VB Sprays

Failure Time Failure Size CCI (psia) Mode

RSUR-1 LOSP CF at VB Rupture Prm-Dry Medium < 200 Alpha No

RSUR-2 LOSP CF after CCI I2ak Prm-Dry Large < 200 Pour No

RSUR-3 LOSP No CF No CF Prm-Dry Large < 200 Pour L+VL

RSUR4 Bypass (V) No CF Bypass Prm-Dry Large < 200 Pour No

:

Alpha Steam explosion induced failure
Pour Pouring or corium (molten core)
CCI Corium and concrete interactions

,

'

CF Containment failure
L I. ate period
LOSP Loss of off-site power

'

Prm-Dry CCI takes place promptly following VB. There is no overlying water pool to
scrub the release. '

V Large break in a system interfacing the high pressure coolant system ,

VB Vessel breach
VL Very late period

1-5
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Table 1-2. Radionuclide Release Characteristics into Environment for Surry.

i

Source Freq. Ele. Energy Rel. Release Fraction of Core Inventory Released i

!Term Time Duration
(yr-u (m) (MW) (h) NG I Cs Te Sr Ru La Ce Ba ,

I

RSUR-1 2.9E-7 10 28 6 200 s 1 0.25 0.18 0.08 0.02 0.005 0.001 0.005 0.02 y

10 28 6.06 2h 0 0.1 0.13 0.1- 0.04 0.001 0.005 0.005 0.04 .

',!

fRSUR-2 2.4E-6 0 0 12 3h 1 0.06 0.03 0.09 0.003 0.001 4E-4 4E-4 3E-3

i

RSUR-3 3.3E-5 0 0 6 10 h 2.5E-3 1.5E-5 1.2E-8 7.5E-9 2.5E-9 2E-10 3E-10 4E-10 2.5E-9

f0 0 16 10 h 2.5E-3 1.5E-5 1.2E-8 7.5E-9 2.5E-9 2E-10 3E-10 4E-10 2.5E-9
,

RSUR-4 1.6E-6 10 28 1 30 min 1 0.075 0.06 0.02 0.005 0.001 3E-4 0.001 0.005
10 28 1.5 2h 0 0.04 0.06 0.05 -0.02 6E-04 0.003 0.003 0.02 [
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Due to the lower release fraction of RSUR-3 and the insignificant number of thyroid
health effects that are estimated to occur, this accident release category is ignored in the cost-
benefit evaluation discussed in this report. |

1

|

For accident release categories RSUR-1, RSUR-2, and RSUR-4, the ecmbined annual j
.

frequency is 4.29E-6 per year. j

i I

( l

Note that the Surry plant's frequency of accident sequences resulting in core damane .|
: !

was estimated at 1.7E-4 (add external and internal event frequencies from Figure 1-2).
..

These values imply that for every 40 reactor accidents leading to core damage, on the4

i average, only one results in a significant release of radioactivity. It can be further surmised
that the frequency of initiating events, which have the DDigntial for progressing to core ;

'

damage (and release of radioactivity), may have a frequency that is order (s) ui ns;;-itde

]
higher yet.

j The significance of these higher frequencies is that a decision to take protective action

; is not based on the actual occurrence of a release but rather on an initiating event that has the

potential for (1) core damage and (2) release of radioactivity. This also implies that
emergency response measures must be initiated and carried out many more times than thee

{
accident release frequencies would suggest.

Pathways of Thyroid Exoosure and the Proohylactic Value of KI

, ,

j The prophylactic value of KI is limited to reducing internal exposure to the thyroid i

from radioiodides. It is, therefore, important to recognize that nat all thyroid exposure is |*

| mitigated by KI. Table 1-3 shows the percent contribution to total thyroid dose by inhaled
radiciodides and other sources. Between 90% and 95% of thyroid exposure results from the'

i internal dose of radioiodides of which I-131 is the dominant form. The small fraction "All
Other" is the thyroid dose from the combined inhalation of nQn radiciodides, and external;

exposure resulting from plume immersion, cloud-shine, and ground deposition.2

j Noteworthy, is the fact that the "All Other" exposure to the thyroid is a crude
! surrogate dose value for whole body exposure. Thus, the average whole body exposure is

| about 4% to 7% of the thyroid exposure and consists of prompt exposure from external
plume immersion, cloudshine, and ground deposition, and from internal exposure that may

j result from the long-term retention of various radioactive species.

|
,

!
"

.

!

:

.
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Table 1-3. Percent Contributions to Thyroid Dose .

! for 0-5 Mile Population * !
,

,

.]
1

Inhaled Radioiodides All ;
'

Accident . Other Total'

| Category 1-131 Other Iodides (%) (%) ;

| (%) (%) -|
1

l RSUR-1 71 23 6 100
'

.;,

RSUR-2 68 28 4 100 ;

RSUR-3 76 18 6 100
.

| RSUR-4 66 27 7 100

| ?
*

| From Table 4-12 Draft Report.
4

i

i

!

!

!

| ?
!
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2.0 DERIVATION OF A COST-BENEFIT RATIO FOR KI PROPHYLAXIS
i

This Section first summarizes the methodology used to derive the cost-benefit rxtios j
reported in the Draft Report which are regarded as lower bounding values. Cost-benefit I

ratios cited in the Draft Report (hereafter referred to as " Reference" values) employed ;

extreme assumptions, which may not be appropriate for conditions that define a nuclear ;
accident. Subsequent portions of this Section describe how key parameters and assumptions 1

may be modified to obtain more realistic (higher) cost-benefit ratios.

2.1 Summary of Methodology Employed in Draft Reoort

i
Population Thyroid Effects for 0-5 Mile Radius. Based on population data for nuclear '

power plants in the U.S., the average 0-5 mile zone is estimated to include 10,700 |
individuals (from Draft Report, Table 4-15). Population thyroid affects for the Reference
LWR are determined by deriving the cumulative population thyroid exposure for each
population subgroup by age and sex and applying the appropriate risk coefficient. (Risk
coefficients and the percentage of individuals representing each sub-population are described
in Chapter 3 of the Draft Report.)

Population thyroid cancers (non-fatal and fatal), nodules, and ablated thyroids
estimated to occur within the 0-5 mile radius for the population and fetuses exposed are
summarized in Table 2-I. Values are presented for exposure conditions in which no KI is :

provided and for KI administration, which is assumed to reduce thyroid exposure from !

inhaled radioiodides with a 99% efficiency. When KI is administered, it was assumed to be
distributed and administered to 100% of the population. With KI administration, the residual
thyroid effects are the result of thyroid exposure from external radiation and internal
exposure from non-radiciodide nuclides, which are not mitigated by KI. The differences
between no KI and KI administration are shown as delta M values and provide an estimate
of the net notential reduction in thyroid health effects attributable to KI administration under
maximally cotimum conditions.

It is important to note that the " exposed population" is limited to individuals within
the plume pathway, which, on the basis of dispersion parameters, may represent only a small |
fraction of the total population residing 360 degrees in the five-mile zone around the reactor.
Moreover, thyroid doses within the plume pathway for any given radial distance are assumed

--hibit a Gaussian distribution whose maximum values are equal to the plume centerlinetr

2-1
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iTable 2-1. Population and Fetal Thyroid Effects With
and Without KI Administration

|
|

Plume Non-Fatal Fatal Thyroid Thyroid

Accident Category Centerline Thyroid Cancers Nodules Hypothyroid

(Exposure Thyroid Cancers

Condition) Dose (Rem)
<

Pop. Fetal Pop. Fetal Pop. Fetal Pop. Fetal ]

RSUR-1 2.0E+04 i
!

No K1 Distr. 123 3 14 0 361 9 105 1

K1 Distributed _16 1 .2 0 .18 3 $ Q

Net Savings 4107 42 412 0 4303 46 499 al

RSUR-2 6.lE+03
No KI Admin. 52 1 6 0 155 4 31 0

KI Admin. J.4 0 2 0 .32 2 4 0
Net Savings A38 al 44 0 4103 42 428 0

RSUR-4 5.8E+03
No KI Admin. 47 1 5 0 139 4 33 0

K1 Admin. .2 0 1 0 .25 2 _1 0
Net Savings 440 41 44 0 4114 42 432 0

2.2 Thyroid Health Effects Costs

Ll3pter 5 and Appendix D of the Draft Report provide a detailed description of
thyroid-health-effects cost for a member of the population and for the fetus. Table 2 2
summarizes these costs.

Table 2-2. Costs Associated with Thyroid Health Effects

Excluding Psychological Including Psychological |

Thyroid Health Costs ($) Costs ($)
Effect

Population Fetal Population Fetal

Nodule 42,900 70,000 542,900 570,000 |

Non-Fatal Cancer 58,600 80,000 558,600 580,000

Fatal Cancer 661,000 32,000 1,161,000 532,000

Hypothyroidism 43,800 90,000 543,800 590,000

2-2



The monetary equivalence of avoided health effects resulting from each accident
scenario can be expressed in annual terms by incorporating the probability that a given
reactor accideni scenario may occur in a year's time. Best estimates of accident frequencies
for the three relevant release categories analyzed are dermed in Table 2-3.

Table 2-3. Reactor Accident Frequencies

Release Category Frequency (yr')

RSUR-1 2.9E-7

RSUR-2 2.4E-6

RSUR-4 1.6E-6

The multiplicative values of (1) the number of expected thyroid health effects,
(2) their monetary equivalence, and (3) the accident frequency provide an estimate of the
yearly economic benefits of KI prophylaxis. A sample calculation is provided on the
succeeding page.

Table 2-4 provides the annual savings in avoided thyroid health effects expressed in
dollars for each of the three release categories. It must be emphasized that the avoided
health effect costs (i.e., " benefit") are based on (1) 100% administration of KI to the
population and (2) a timely administration which provides 99% reduction in thyroid dose
from the inhalation exposure to radioiodides. These two conditioris clearly imply that the
annual benefit of avoided health effects in dollars represent upper-bound values that may be
substantially reduced by (1) an accessibility to KI that is less than 100% and/or (2) by a
delay in administration prior to plume arrival and other modifying factors.

Table 2-4. Yearly Monetary Equivalency of Thyroid Effects
Avoided by KI Prophylaxis

Release Category Excludes Psychological Included Psychological
Effects ($) Effects (S)

RSUR-1 $ 9.67 $ 93.86

RSUR-2 $22.47 $232.02

RSUR-4 $20.13 $169.22

Total $52.27 $495.10

2-3

i



- . _ _ _ . _ _ _ _ . _ _ __ __ _ __ __

.

S AMPLE CALCULATION: Derivation of the Yearly Reduction in Population Thyroid
f

4 Effects and Their Equivalent Monetary Values for the 0 to 5 Mile Population Cell

1. From Table (A), the total number of avoidable thyroid health effects per accident
release category for the 0-5 mile population are as follows:

;

Release Non-Fatal Fatal
Cateeory Cancer Cancer Nodules Hvoothyroid

RSUR-1 107 12 303 99

RSUR-2 37 4 103 28

i RSUR-3 0 0 0 0

RSUR-4 40 4 114 32

2. Annual reduction in avoidable thyroid health effect = (No. of expected effects) x -
| (Accident frequency):

'

:
! Release Non-Fatal Fatal
: Cateeory Cancer Cancer Nodules Hvoothyroid

RSUR-1 3. lE-5 3.5E-6 8.8E-5 2.9E-5
' RSUR-2 8.9E-5 9.7E-6 2.5E-4 6.6E-5
i RSUR-3 0 0 0- 0 !

| RSUR-4 6.4E-5 6.4E-6 1.8E-4 5.2E-5

TOTAL 1.84E-4 2.0E-5 5.18E-4 1.46E-4
,

E The total values of 1.84E-4 non-fatal cancers, 2.05E-5 fatal cancers, 5.18E-4 nodules, and
1.46E-4 hypothyroid conditions are given in Table 6-3 of the Draft Report for the 0-5

i mile population cell.
.

3. Annual equivalent cost estimates = (No. of thyroid effects) x (equivalent monetary
: cost)

e Non-fatal thyroid cancer: (1.84E-4 cancers) x ($558,600/ cancer) = $103,

e Fatal thyroid cancer: (2.05E-5 cancers) x ($1,161,000/ cancer) = $24;

'

e Thyroid Nodule: (5.18E-4 nodules) x ($542,900/ nodule) = $281

j. * Hvoothyroidism: (1.46E-4 hypothyroids) x ($543,800/ hypothyroid) = $ 79
j TOTAL = $487

2-4
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The Cost of Stockoiling

Critical to defiming a cost-benefit ratio of KI prophylaxis is a discussion of cost (s)
associated with making KI available to the public. The cost of stockpiling was calculated at
$0.10 per person per year. This value is based on the initial purchase and 5-year
replacement of KI of a quantity sufficient to provide 10 tablets per individual. No additional u

costs were assumed. l
i

Under the stockpile option, the distribution of KI (in the unlikely event of an accident) ,

was to involve distribution from local stockpiles within the 10 and 50 mile EPZ by state and j
local groups that are part of the existing emergency response organization (s). |

1

For the 10,700 individuals residing in the 0-5 mile radium of the Reference LWR, the
annual cost for the KI stockpiling option was, therefore, estimated at about $1100.

Applying the annual stockpiling cost of - $1100 to the avoided cost of thyroid health
effects derived in Table 2-5 yields the following cost-benefit ratios:

Table 2-5. Costs and Benefits Usul to Derive Reference C/B Ratios

'

Benefit: Cost-Benefit Ratio
fag: Reduced Thyroid Effects |

KI Stockpiling 1

Excludes Includes Excludes Incluoes(g)
Psychol. Psychol. Psychol. Psychol.

I100 552.27 $495.10 21 2.2

The cost-benefit ratios (C/B) of 2.2 and 21, which reflect the inclusion / exclusion of
psychological costs are considered upper-bound or Reference values that may be modified by
a host of variables. An increase (or less favorable) C/B value can be affected by (1) an
increase in seg for providing KI to the public, (2) a reduced e~uibility to or
administration of KI, and (3) a decrease in thyroid protection resulting in the dClay of KI
administration prior to plume arrival. The impact of these and other variables are discussed
below.

2.3 Modifvine Factors Anolicable to the Reference Cost-Benefit Ratio

Under conditions of a severe accident, more realistic assumptions must be applied that
affect the cost-benefit ratio of KI prophylaxis. Described below are independent factors that
have a significant value impact on KI.

2-5
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2.3.1 Cost of Predistribution
).

! An alternative to the stockpiling option is the pedistribution of K1 to individuals
residing within 5 miles of a nuclear facility. Details regarding the cost per individual and"

; limitations for this option are described in Chapter 5 and Appendix E of the Draft Report.
The information is based on the Tennessee pilot program in which State officials
predistributed KI to residents within the 5 mile radius of the TVA's Sequoyah Nuclear Power
Plant. The estimated cost of $1.70 per year per individual appears applicable to the,

Reference LWR defined in the Draft Report if the need for extensive public relations is
considered an essential component for the predistribution option. The incremental cost from
$0.10 to $1.70 per individual-yr' increases the Reference C/B values from 2.2 and 21 to;

; 37.4 and 357, respectively.

; 2.3.2 KI Accessibility

For either option (stockpiling or predistribution), it would be naive to assume that,

100% of the potentially exposed population will have access to KI in the event of an
accident.,

Stockniles Under this option, the accessibility to KI b principally affected by the
ability of emergency response personnel to distribute KI to residents (or for residents to
retrieve K1 from local distribution centers: police station, fire house, school, hospital, etc.).
Various options may be postulated regarding the mechanics and logistics for distribution,,

which may be modified by factors linked to or independent of the reactor accident.
1 Modifying factors affecting KI distribution that may or may not be linked to the accident

!

scenario include loss of off-site electrical power, earthquake, meteorological |
,

conditions, and a host of other circumstances.
|

As a central value, an accessibility factor of 0.60 will be estimated that assumes 60%
)

of the 0-5 mile population will be provided with KI.
i,

i

Predistribution. Accessibility under the predistribution option is by no means
'

guaranteed. Predistribution assumes recipients will store KI at their respective residence.;

Accessibility is adversely affected by (1) incomplete distribution (caused by relocation /new
arrivals, and the presence of transients at the time of the accident), (2) loss / misplacement of.

L: KI, and (3) periods of day when residents are at work, school, etc.

I
The low accessibility experienced by the TVA pilot program was affected by variables

! which are not applicable to the Reference Reactor (personal communication with Tennessee
State officials indicates that the reduced program effectiveness is likely due to the fact that ai

1

sizable percentage of the affected population involved seasonal occupants of summer
; cottages). I
;

2-6
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A 0.70 accessibility factor will be assumed as a central value for the predistribution
option. |

<

2.3.3 Timeliness of Administration ;

I

A 99% reduction in thyroid exposure may be assumed when KI is administered
shortly before or at the time of plume arrival. The time and duration of exposure is also
affected by meteorological factors that influence plume travel / arrival time in the environs.
Following plume arrival, subsequent administration of KI is primarily effective in reducing
the remainder of the plume exposure duration. When individuals are indoors / sheltered, the I

time of exposure may be shifted significantly and reflects the time of indoor air to equilibrate j
; with outdoor air following arrival and departure of the plume. This temporal shift and ;

significant reduction in exposure due to sheltering is discussed more critically in Section 3.0 i

of this report. l
|

Stockoile. Table 1-2 provides the times of release following the accident initiating
events and duration of releases. For RSUR-1 and RSUR-2, a reasonable estimate assumes a
modest delay in KI administration that, on the average, confers a 70% reduction in thyroid i
exposure. For RSUR-4, the short interval to release time and brief duration preclude the !

likelihood of any protective action by KI. Based on the relative contribution to the total
avoidable thyroid effects by these three release categories, an overall percent of thyroid dose
reduction of 43% is estimated.

Predistribution. For individuals who have access to their predis'.ributed KI, a
timeliness factor of 99% is assumed (i.e., all individuals who have access to their KI will
take it prior to plume arrival).

2.3.4 The Imoact of Acute Mortality on the Cost-Benefit of KI Prochvlaxis

The release of radioiodides in the event of a severe reactor accident are assumed to
occur concurrently with the total release of noble gases and various fractions of fission
products (see Table 12). Exposure to the biologically inert noble gases from a passing
plume results primarily in an external whole body dose from penetrating gamma radiation.
(Of limited interest here is the skin exposure from beta particles under conditions of plume
immersion.) Exposure doses from fission products other than noble gases are primarily the
result of inhalation and are based on committed dose equivalents for a 50-year period and
are, therefore, not considered a component of acute exposures. Secondary exposure
pathways for these radionuclides involve cloud-shine / plume immersion and ground deposition
which are of short duration.

It is axiomatic to conclude, therefore, that (1) thyroid exposure to r:Jioiodides is not
only inextricably linked to whole body exposures from noble gases and other fission products
but (2) this link is quantitative.

2-7
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: Thus, for high thyroid doses, whole body doses may also be assumed to be
proportionately high. The relationship of thyroid to whole body exposure for RSUR-1 is;

; dermed in Table 2-6. For the 0-5 mile radius, maximum values at plume centerline are

| estimated to produce a thyroid dose of about 20,000 rem and a whole body dose of 870 rem
yielding a dose ratio of 23:1. Although part of the whole body dose is due to protracted;

| exposure from internal deposition of radionuclides, exposures at or proximal to plume

i centerline are potentially lethal at near-field distances and must be accounted for in
: determining a cost-benefit ratio.

î
Table 2-6. The Relationship of Thyroid to Whole Body Exposure for RSUR-1

:

Thyroid dose (rem) Whole Body Dose Ratio
Distance Dose (Thyroid /

| (miles) Total (rem) Whole Body)
Radioiodines (All Pathways)

|
1-5 1.9E+04 2.0E+04 8.7E+02 23.0-

!

i 5 - 10 6.9E+03 7.3E+03 3.2E+02 22.8
i

: 10 - 25 1.7E+03 1.9E+03 7.9E+01 24.0
i

25 - 50 2.7E+02 3.0E+02 1.4E+01 21.4-

! 50 - 100 6.2E-01 7.0E+01 3.6E+00 19.4
:

; 100 - 150 2.8E+01 3.2E+01. 1.5E+00 21.3

150 - 200 1.7E+01 1.9E+01 9.6E-01 19.8 j

f 200 - 350 7.8E+00 8.5E+00 4.3E-01 19.8

! In order to estimate the potential impact of acute human lethality from whole-body -
exposure on the cost-benefit of KI prophylaxis, it is important to understand the following!

'
statements and their relationship:

i

| 1. The " benefit" of KI prophylaxis is based on the efficient blockade of iodide uptake

| that virtually eliminates thyroidal exposure dose from radioactive iodide.

1

2. Elimination / reduction of thyroidal exposure has the potential to eliminate / reduce

| thyroid nodules, thyroid neoplasms, and hypothyroidism.
!

! 2.a. Thyroid nodules and thyroid cancer (fatal and non-fatal) are stochastic effects.
j As such, they do not have a threshold. However, at very high doses that

'

: result in cell sterilization / cell death, the probability of thyroid nodules or
cancer declines and approaches a zero probability.i

n

1
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2.b. Hyoothyroidism (unlike thyroid nodt.les or cancer) is a non-stochastic

j effect that har a threshold dose value (see Table 3-7 in Draft Report) of

200 rads from external radiation and 1000 rads from internal radiation -
involving I-131. Thus, the stochastic effects of radiation induced
thyroid nodules / cancer and the non-stochastic effect of thyroid cell-
killing leading to hypothyroidism are mutually exclusive events.

.

3. Human lethality from an acute whole body exposure is a non-stochastic response4

having a 50% lethality value of about 400 rads in the absence of medical intervention.
'

The threshold lethality value of about 200 rem is dictated by sensitive population sub-
groups (i.e., very young and old persons; persons with immune deficiencies, and
other underlying pathologies / conditions). 1

l

4. Based on the thyroid dose to whole body dose ratio of 23 as identified above, a !

threshold lethal whole body dose of 200 rem would concurrently also yield a thyroid I

dose of 4600 rads. An LDS whole body dose of about 400 rem would correspond to
about 9200 thyroid rads.

From the above relationship, it can be stated that any thyroid dose leading to
hypothyroidism would also involve a whole body exposure that would likely prove to be
fatal. Thus, the prophylactic value of KI in eliminating hypothyroidism occurs among
individuals who are also likely to die from an acute radiation exposure dose to the whole
body. Accordingly, the KI benefit of eliminating hypothyroidism must be subtracted from
the " Reference" cost-benefit stated in the draft report.

Table 2-7 identifies the number of hypothyroid cases that can also be assumed to
involve individuals who are likely to receive a lethal whole body exposure and must,

: therefore, be excluded from the cost-benefit computation.

Table 2-7. Loss of Annual KI Benefit Due to Acute Mortality

:

Accident No. of Hypothyroid Cases (or Loss of Annual KI Benefit Due to
Release No. of Acute Mortalities) Acute Mortality

*E #Y Population Fetal Psych.$ No Psych. S

j RSUR-1 99 1 17.13 1.29

RSUR-2 28 0 36.54 2.94

; RSUR-3 32 0 27.84 2 24

81.51 6.47

4
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The annually avoided hypothyroid cases have a value of $81.51 or $6.47 (depending
on the inclusion / exclusion of psychological cost) and must be subtracted from the $495.10 or
$52.27, respectively (see Table 2-5) in order to account for acute lethality. This adjustment

]
to the cost-benefit ratio can also be made by multiplying the Reference cost-benefit ratios of

'

2.2 and 21 (see Table 2-5) by the Monality Factor (MF) as discussed below:-

MF * = (Annual Avoided Cost for Nodules. Cancers. Hvoothyroidism).

(Annual Avoided Cost for Nodules and Cancers)M-

$495.10

" ($495.10 - $81.51).

L = 1.20

($52.27)
MF,ma=

($52.27 - 56.47)

= 1.14,

!

|

a

d

i

.

i

}
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I 2.3.5 The finnect of Very Hieh Thyroid Doses on the Cost-Benefit of KI Proohylaxis
'

.i in the Draft Report, Tables 4-8,4-9, and 4-11 identify the following plume centerline;

j doses for the 0-5 mile population:

! Release Dose

Categorv $sgQ
|

RSUR-1 20,000
<

<

I RSUR-2 6100

| RSUR-4 5800
9

i These doses are well in excess of the threshold dose for the induction of
: hypothyroidism, as was calculated in behalf of Table 2-1, which identified 160 cases of.

hypothyroidism. The need to eliminate hypothyroidism from the cost-benefit ratio is due to'

the concurrence of acute mortality that can be reasonably expected and was addressed in
Section 2.2.4 above. However, these same high-dose exposures have been identified as a

!

j second source of error relating to the estimation of thyroid neoplasms. The following

; provides a brief explanation and quantitatively defines the magnitude of this error.

! Limitation of MACCS. Personal communication with personnel responsible for the

development of MACCS, confirms that a single methodology is employed in estimating the1-

expected number of latent health effects (i.e., thyroid nodules, fatal /non-fatal thyroid
1 cancers). In short, individual thyroid doses are added to yield a collective exposure

' expressed in population nerson-thyroid-rem. 'Ihus, if 100,000 persons receive, on the!

average,10 rads each, a total population exposure of 1,000,000 person-thyroid-rem can be
~

i

used to estimate the lifetime population risks for thyroid nodules, fatal, and non-fatal"

I cancers. Applying the appropriate risk coefficients defined in Tables 3-4 and
i 3-6 of the Draft Report, a population dose of 1,000,000 person-thyroid-rem from I-131
j exposure would be expected to yield 23.2 non-fatal cancers, 2.3 fatal cancers, and 44.7

i thyroid nodules.
j

{.
This methodology is correct and is univer3Ely applied in risk analyses provided that

individual doses do nel exceed levels where thyrmd cell death is a competing phenomenon to
;

j sub-lethal cell mutation leading to thyroid cancer and nodules.
$

f As was previously pointed out, cell sterilization / death and sub-lethal mutagenic lesions
j' leading to thyroid neoplasms are mutually exclusive events (i.e., a non-dividing or dead cell

no longer has the potential of becoming cancerous). Cell killing of thyroid tissue is a dose-
dependent non-stochastic event that is clinically expressed as hypothyroidism. Threshold
doses for hypothyroidism were defined in Table 3-7 of the Draft Report.

From the above discussion, it becomes evident that, in instances where individual
doses are high and exceed threshold doses leading to hypothyroidism, such thyroid dose

2-11 |
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| equivalents can n01 be added to the population thyroid-person-rem total for the estimation of
the stochastic effects involving thyroid cancer and nodules. The inclusion of high thyroid

i exposures by MACCS leads to inflated estimates of thyroid neoplasms. The following
i provides a calculational method for compensating this error:
]

1. Determine the total number of individuals whose thyroid exposure is large and does
^

not contribute to the collective thyroid population dose for estimating thyroid

j cancer / nodule risks:

.

These individuals can be assumed to be those identified as a hypothyroid cases

j (see Table 2-1).

Accident Cateeorv*

No. of Cases

j . RSUR-1 100

RSUR-2 28;

:
RSUR-4 32 ;

,

2. Determine the average individual exposure for these hypothyroid cases:
1

e From Table 3-7 and Table 4-12 of the Draft Report, the following hypothyroid
threshold doses can be calculated- !

|
Accident Cateeorv Threshold i

Dose (Rem) i

RSUR-1 768

RSUR-2 744

RSUR-4 728 !

e From Tables 4-8,4-9, and 4-11 of the Draft Report, the following maximal !

plume centerline doses apply:

Accident Thyroid Plume
Cateeory Centerline Dose

(Rem)

RSUR-1 20,000

RSUR-2 6100

RSUR-4 5800

3. Determine the average individual dose:

2-12
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;

} The average individual dose will be assumed to lie between the threshold dose
and the maximum plume centerline dose. For the Gaussian distribution of doses, a'

geometric mean is assumed to provide a best estimate of average values:

Accident Estimate of
Cateeory Averare Dose,

(Rem)

RSUR-1 3919

RSUR-2 2130

RSUR-4 2054

i 4. Determine the collective person-thyroid dose for hypothyroid cases that must be
subtracted from collective exposures received by all individuals:

Multiplying the average individual exposure among hypothyroid cases by the
total number of cases yields collective doses among hypothyroid cases:

Accident Total Person-Thyroid
Category Dose (nerson-rem)4

RSUR-1 391,900
'

RSUR-2 59,640

RSUR-4 65,728
;

'

The original (uncorrected) collective person-thyroid dose exposures that had been used
by MACCS to calculate the risk of thyroid neoplasms are given below. From these values,
the cumulative exposures among hypothyroid cases have been subtracted to yield corrected
population thyroid dose.

Uncorrected Corrected Population Ratio Corrected
Accident Population Dose / Uncorrected
Category Thyroid Dose Thyroid Dose Dose

RSUR-1 5,302,000 4,910,000 0.93
|

RSUR-2 2,241,000 2,181,360 0.97

RSUR-4 2.026.000 1.960.272 E
9,569,000 9,051,632 0.94

The ratio of corrected dose / uncorrected dose values can be directly applied to avoided
thyroid nodules and non-fatal and fatal thyroid cancers identified in Table 2-1 as a values.

2-13
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1

For example, the 107 avoided non-fatal thyroid cancers for RSUR-1, when multiplied by,

O.93, yield a corrected value of 100 avoided thyroid cancers.
'

In order to apply this high-thyroid dose correction fac'are (HDF) to the cost-benefit of
KI, the inverse ratio (uncorrected dose / corrected dose) must be applied:'

iMACCS Uncorrected Pooulation Thyroid Dose
gp,

Corrected Population Thyroid Dose
1

9.569.000 nerson-thyroid-rem
*

9,051,632 person-thyroid-rem

1.06i =

|
.

| The application of the HDF and other modifying factors for deriving more realistic
cost-benefit ratios is illustrated in Section 2.4 below.*

:
|

| |

? |

)
.

M

i

:

j

J
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2.4 Aonlication of Modifyinc Factors for Derivation of Cost-Benefit Ratios

in the Draft Report, a cost-benefit ratio was derived that must be considered a lower-
bound reference value. It is lower bound because it assumed 100.e availability and timely
administration that yields a 99% reduction in internal thyroid exposure. Moreover, the cost
of providing KI was based on the stockpile option, which assumes a nominal cost of $0.10
per individual-yr'. Two separate Reference C/B values were derived (which included and
excluded psychological costs, Ref. C/B,,,y . and Ref.
C/B,,,,,y..) that are central to the derivation of realistic cost-benefit ratios as defined in i

Equation 1.

C/B = (Ref. C/B) (CF) (AF) (TF) (MF) (HDF) Eq. I

where:
* C/B is the derived cost-benefit ratio

Ref. C/B is the Reference Cost-Benefit Ratio for the 0-5 mile population*
1- when psychological costs are included, Ref. C/B = 2.2

- when nsychological costs are excluded, Ref. C/B = 21

CF is the cost factor and defined by:*
8

CF = $_ Cost of providine KI ner individual-vr
'

$0.10

AF is the availability factor and defined by:*

AF = % of population having access to KI

* TF is the timeliness factor and refers to the time of administration relative to
plume arrival and duration. A maximum efficiency of 99% is assumed
for thyroid dose reduction when administered just prior to exposure, as
defined by:

99 %

" % efficiency in thyroid dose reduction.

MF is the acute mortality factor where:*

Avoided Cost for Nodules. Cancers. and Hvoothyroidism
"

Avoided Cost for Nodules and Cancers

HDF is the high-thyroid dose correction factor defined as:*

" ''"# " " " " "# S*
HDF =

Corrected Population Thryoid Dose

1.%=
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:

By means of Eq.1, a defensible cost-benefit ratio may be derived using best-estimates cited
in the text above or any other values deemed appropriate. Table 2-8 contains cost-benefit
ratios for the (1) stockpiling option and (2) predistribution option using values cited in the
text.

Table 2-8. Summary of Cost-Benefit Ratios that Employ
Best Estimates for Modifying Factors

'

Ref. C/B MF Modified C/B

Psych. No Psych. No Psych No
Psych. Psych. Psych..

Stockpile 2.2 21 1 1.67 2.3 1.20 1.14 1.06 11 99

Predistribute 2.2 21 17 1.42 1 1.20 1.14 1.06 69 624

Samole Calculation: Determine the modified cost-benefit ratios for the 0-5 mile population
under the stockpile and predistribution ootbas.

Stoekoile
C/B,,,,,. = (Ref. C/B,,,,6.) (CF) (AF) (TF) (MF) (HDF)

(2.2) ($0.10) (100% ) (99%) ( $495) (9.569,000 rem)=

$0.10 60 % 43 % $413 9,051,632 rem

= (2.2) (1) (1.67) (2.3) (1.20) (1.06)

11 i=

C/B ,,y,. = (21) (1) (1.67) (2.3) (1.14) (1,06)

= 99
|

Predistribution 1

(2.2) ($1.70) (IM) (M) ($495) { 9,569,000 rem)C/B"',,' =
$0.10 70 % 99 % $413 9,051,632 rem

= (2.2) (17) (1.42) (1) (1.20) (1.06) |

69=

C/B ,,,,,. = (21) (17) (1.42) (1) (1,14) (1.06)

624=

2-16 i
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Applying the modifying factors described above to the avoided cases of thyroid health
effects yields values cited in Table 2-9. The significance of modifying factors is observed
when these values are compared to the A values cited in Table 2-1 of Section 2.

Beyond a reduction of all reported values, the two qualitative differences reflect (1)
the complete loss of avoided hypothyroid cases (due to acute mortalities) and (2) the
complete loss of all thyroid health effects associated with the stockpile option for
RSUR-4 (due to the short release time / release duration).

Table 2-9. Avoided Cases of Thyroid Health Effects that Account
for All Applicable Modifying Factors

Release Thyroid Cancer Thyroid
Category Nodules Hypothyroidism
(option) Non-Fatal Fatal

RSUR-1
Stockpile 43 5 120 0

Predistrib. 76 8 201 0

RSUR-2
Stockpile 16 <2 43 0

- Predistrib. 26 <3 71 0

RSUR-4 j
Stockpile 0 ! 0 0 0
Predistrib. 28 | <3 79 0

.

2-17
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2.5 Summarv
!

Various modifying factors have been identified in this Section that significantly )
increase the cost-benefit ratios defined in the Draft Report. However, it must be understood
that these modifying factors are by no means comprehensive. Chapter 7 of the Draft Report
identified a host of other factors. For instance, the basic C/B ratios defined in the Draft
Report, as well as in this document, assume a single reactor per plant. It is obvious that for i

'

facilities with 2 or 3 reactors (or for proximal facilities with overlapping population zones)
the cost-benefit ratios are reduced by a factor of 2 or 3, respectively.

As was pointed out in the Draft Report (Chapter 7), the single most important
parameter that affects the cost-benefit ratio is the reactor accident release frequencies
collectively estimated at 4.3E-6 yr '8 The range of uncertainty of this value is likely to
incorporate values that are one and perhaps two orders of magnitude higher or lower than the
assumed value. The magnitude of uncertainty regarding the accident release frequency
potentially overshadows all of the above-mentioned modifying factors.

Another factor that was not included as a modifying factor, but was alluded to in
Section 1 of this report, is the issue of core damage and/or the potential for significant
releases. It was pointed out that the frequency of accidents leading to core damage are 40
times higher than the accident frequency in which core damage results in significant releases
to the environment.

Thus, the inability to predict (at a time when orders for protective actions must be
issued) whether the initiating event that leads to core damage wil_1 also result in significant
releases, implies a potential use of KI that is 40 times higher than the estimated frequency
used to calculate the cost-benefit described in this document. An illustration of this i

Irelationship is the 1979 TMI-2 Accident (see Appendix E of Draft Report). In spite of
severe core damage, maximal individual exposure to the whole body and the thyroid were
estimated at 0.1 rem and 0.02 rem, respectively,

i

Had a stockpile of KI been available at the time of the TMI-2 accident, its distribution
to the public would most certainly have taken place. In hindsight, however, such a
distribution would not have had a significant impact (i.e., benefit). This poses an important i

question regarding the benefit of KI under conditions of potentially serious accidents
inclusive of those leading to actual core damage, but without significant releases. Applying
the rigid protocol for assigning costs and benefits, as defined in this report, leads to the
inevitable conclusion that there is no benefit.

2-18
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Potentially compelling arguments, however, can be made that there are subjective
elements to a cost-benefit analysis that were not addressed in the Draft Report. Subjective
elements include the mental and emotional state of emergency planners and officials
responsible for issuing protective actions. For these individuals, the availability of K1
provides options and alternatives and the knowledge that everything that cou.ld have been
done was done. For the general public, the availability of KI durine the time of a declared
emergency is likely to result in a significant reduction of anxiety and stress. (This benefit is
also independent of whether or not there was a significant release.)

In summary, the potential need/use of KI for nuclear emergencies is likely to be two
orders of magnitude higher than the severe accident release frequencies that were used to
calculate the cost-benefit ratio. Any consideration of this issue by policy makers would have
a significant impact on reducing the cost-benefit ratio.

An additional modifying factor to the cost-benefit ratio that too was not addressed in
Section 2 is the impact of evacuation. The impact of evacuation is addressed separately in
Section 3 that follows.

-|
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3.0 THE IMPACT OF EVACUATION ON THE COST-BENEFIT j

3.1 . Critical Variables

..

The potential impact of evacuation on the cost benefit ratio for KI is complex. Under
ideal conditions, the rapid and successful evacuation of 100% of the population prior to the
release of radioactivity and/or plume arrival would eliminate all exposure and give rise to a
cost-benefit ratio of infinity (i.e., cost of KI prophylaxis /zero benefit = infinity).

However, under symm accident conditions defined by RSUR-1 through RSUR-4, it is
likely that emergency response personnel would postpone evacuation orders until after plume
arrival for reasons of time and/or feasibility.

Ilms. An inspection of Table 1-2 cites release times of one to several hours for the
four accident categories. These windows of time for evacuation are upper limits since they
do not account for the time needed for (1) plant personnel to assess plant conditions and
forward information to local, state, (and Federal) agencies and (2) for responsible agencies to
interpret / assess plant information and issue evacuation orders that take into account
prevailing meteorological factors related to potential plume direction and evacuation route .
This is particularly true for category RSUR-4, which has a release time of I hour and a
corresponding release duration of only 30 minutes.

Feasibilitv. Under severe accident conditions, the accident initiating event will most
likely also impede effort to evacuate directly and indirectly. In Section 1, Figures 1-1 and
1-2 cited the type and frequencies of internal and external events giving rise to severe
accidents. More than a 75% probability is that the initiating event is an external seismic
event (earthquake). The remaining 25% probability of severe accidents are primarily the
result of internal initiating events that involve the lost of off-site power (LOSP). Under
conditions of earthquake and/or LOSP, the following direct and indirect impediments exist:

Direct Imtget of Earthaunke on Prompt Evacnntion

Potential destruction / obstruction of highways, bridges, rail services, etc.-

needed for evacuation by motorists and public transportation services.

Fires, flooding, etc. that impede evacuation.-

I

3-1
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I

Indirect Imnacts of Earthquake /LOSP l
1

1
1

|The principal indirect impacts from the loss of off-site power (and potential1 -

loss of telecommunication systems) include the ability to perform the
following: i

alen the public of the accident,* - ,

!instniet the public regarding protective actions issued (e.g., available-

evacuation routes, availability of shelters outside the evacuation zone,

etc.)
'

maintain proper flow of traffic in the absence of electrically operated-

traffic signals, street lights, etc.
operate public transportation systems that rely on electric power.-

3.2 Potential Exoosures Under Conditions of Evacuation and Shelterinn |

Based on the complex conditions that are likely to surround the severe accident
release categories, attempts to evacuate, which coincide (in part or in whole) with plume 1

passage, could result in significantly higher exposures than those under the normal conditions:

which were assumed in the Draft Report's analyses used to calculate cost / benefit ratios for ;
' KI. [" Normal conditions' assumes that, at any given time,25% of the population is |

outdoors, and the remainder is sheltered by being indoors.] The basis for this assumption is
explained below.

2 For sheltered individuals, not only is external dose significantly reduced by shielding,
but a more significant reduction must be assumed for internal exposure. For a shelter with a ,

ventilation rate of I hr ', full equilibration with outdoor air concentration would not occur
for several hours. Indoor air concentrations for a given shelter at any time following plume
arrival is given by the following equation:

C, = C, (1 -ear)

where:
C, is the indoor air concentration,
C,is the outdoor air concentration, i

R is the shelter ventilation rate or air exchange per unit time, !

T is the elapsed time since plume arrival.

For RSUR-4, with an initial plume passage time of 0.5 hr and a shelter ventilation
rate of I hr -8, the maximum indoor air concentration is estimated at 39% of outdoor air.

C- ! = 1 - e -MS* Eq.2
C,

1

= (1 - 0.606)
= 0.39

3-2 :
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The inhalation dose reduction factor (DRF ), however, is not defined by the airi
concentration at a specific moment in time. Rather, the dose is defined by the time-
integrated air concentration (TAC). The following equation must be used to determine the
shelter dose reduction factor, DRF , for the inhalation pathway:i

DRF = TAC./ TACO Eq.3
where:

DRF = the Dose Reduction Factor for the inhalation pathway
TAC, = the time-integrated air concentration inside the shelter
TACO = the time-integrated air concentration outside the shelter

i
The time-integrated air concentration values inside and outside the shelter are derived 1

by equations 3 and 4, respectively, using previously defined parameters.

TACs = [(T - 1/R) + (e"7)/R] Eq.4

TACO = cot Eq.5

The following example illustrates the use of equations 2, 3,4, and 5 for calculating
the inhalation dose reduction factor of a shelter:

Given: The average basement of a single-family home has a surface area of
8about 1000 ft and an 8 ft. high ceiling. Under emergency conditions,

air infiltration is reduced to 2500 ft' per hour. The house is located in
a downwind sector of a plume containing SE-6 Ci-cm' iodine-131.
Plume passage is projected to last up to 3 hours. Calculate the shelter
inhalation dose reduction factor (DRF ) for this set of conditions.i

Solution- |

1. Determine air change rate (R): The shelter ventilation rate (R) is
determined by dividing the air infiltration rate (Q) of 2500 ft'/hr, by the
shelter volume (V) of 8000 ft':

R = Q/V |

8R = 2500 ft h-8/8000 ft8 ;

R = 0.312 h ' j

;

|

I
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2. Determine the time integrated air concentration inside the shelter
(TACs) using Equation 4.

TAC, = Co [(T - 1/R) + (c'"T)/R]

= SE-6 pCi-cm ' [(3 h - 1/0.312 h-') + (e*''*'')/0.312]

= SE-6 Ci-cm' [(3h - 3.2 h) + (0.39/0.312 h 8)]

= SE-6 Ci-cm ' [(-0.2 h) + (1.25 h)],

!

TACs = 5.25E-6 pCi-cm-'-h
i

I
i

3. Determine the time-integrated air concentration outside the shelter I
|

(TACO).

TACO = cot

= (SE-6 pCi-cm'') (3 h)

= 1.5E-5 pCi-cm 8 h-

;

1

4 Determine the inhalation dose reduction factor (DRF) for the shelter.i

DRF = TACs/ TACOi

= 5.25E-6 Ci-cm'-h/1.5E-5 pCi-cm'-h

_

DRF = 0.35i
-

This critical relationship of shelter ventilation rate and plume-passage duration on
dose reduction is summarized in Figure 3-1.

[ Note that DRF = (1 - Fraction of Dose Avoided)].; i

|
!

!

!
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Figure 3-1. Effect of Ventilation Rate and Plume-Passage Time on Fraction
of Dose Avoided.

3.3 Summarv

..

The potential impact of evacuation on the cost-benefit of KI prophylaxis is complex
and difficult to estimate. While prompt evacuation may avoid all or a large percentage of '
exposure, evacuation during plume passage will result in exposures that may be considerably -
higher than that of individuals engaged in " normal activities." [ Normal activities assumes
that a major percentage (75%) of the population will be indoors and sheltered.)

Given the time constrair.ts that characterize the severe accident release categories and
the numerous impediments to evacuation imposed by seismic and/or blackout conditions, it is
reasonable to conclude the potential plume exposure for individuals who elect to evacuate
may not be different from those who postpone evacuation until plume departure. On this
assumption, the prophylactic administration of KI to evacuees is likely to be the same as for i

non-evacuating individuals. As a result, ro attempt was made to assign a cost-benefit factor
for this uncertain and complex variable.

3-5
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APPENDIX

FACILITY-SPECIFIC COSTS FOR 0-5 MILE POPULATIONS

! The modified cost-benefit ratios defined in this report have general applicability and
are mdependent of the site-specific demographics that may characterize individual facilities.4

Accordingly, facilities with 0-5 mile populations greater than those defm' ed by the Reference4

L Facility (11,000) will have greater costs but also correspondingly greater benefits. The
: following table provides site-specific population data and associated costs for KI under the

| stockpile and pre-distribution options.
i

Table A-1. KI Costs for the 0-5 Miles Population

| Population KI Costs ($)
Reactor 0-5 miles Stockpile' Pre-distribute 2

j Browns Ferry 2,085 $208.50 $3,544.50

! Brunswick 5,900 $590.00 $10,030.00

f Cooper 930 $93.00 $1,581.00

Fermi 18,532 $1,853.20 $31,504.40'
,

4 Fitzpatrick- 6,352 $635.20 $10,798.40

i Grand Gulf 2,165 $216.50 $3,680.50

: Hatch 888 $88.80 $1,509.60

| Hope Creek 1,325 $132.50 $2,252.50

}- LaSalle 1,332 $133.20 $2,264.40

Limerick 74,584 $7,458.40 $126,792.80
,

| OC 25,805 $2,580.50 $43,868.50

j- Perry 12,923 $1,292.30 $21,969.10

| Quad Cities 7,431 $743.10 $12,632.70

: River Rend 3,099 $309.90 $5,268.30

| Susquehanna 14,938 $1,493.80 $25,394.60

Vermont Yankee 8,330 $833.00 $14,161.00;

| WNP-2 484 $48.40 $822.80

| Vogtle 384 $38.40 $652.80
; Arkansas One 10,765 $1,076.50 $18,300.50

! Beaver Valley 21,499 $2,149.90 $36,548.30

! Callaway 843 $84.30 $1,433.10

Calvert Cliffs 7,739 $773.90 $13,156.30
,

j Catawba 16,778 $1,677.80 $28,522.60

: Crystal River 539 $53.90 $916.30

Davis Besse 2,002 $200.20 $3,403.40
i
i
i A-1
|
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Table A-1. KI Costs for the 0-5 Mile Population (Continued)
,

Population KI Costs ($)
Reactor 0-5 rniles Stockpile' Pre-distribute '2

~

Diablo Canyon 76 $7.60 $129.20

D C Cook 11,507 $1,150.70 $19,561.90

Ft Calhoun 12,720 $1,272.00 $21,624.00
^

Robinson 13,079 $1,307.90 $22,234.30

Farley 2,879 $287.90 $4,894.30

Haddam Neck 12,816 $1,281.60 $21,787.20

Indian Pt. 110,372 $11,037.20 $187,632.40
:

| Kewaunee 2,317 $231.70 $3,938.90

McGuire 5,128 $512.80 $8,717.60

Maine Yankee 5,111 $511.10 $8,688.70
,

N. Anna 1,925 $192.50 $3,272.50

Oconee 4,656 $465.60 $7,915.20

i Palisades 5,784 $578.40 $9,832.80

Palo Verde 494 $49.40 $839.80

Pt. Beach 1,633 $163.30 $2,776.10

Prairie Is. 2,422 $242.20 $4,117.403

Rancho Seco 424 $42.40 $720.80

PSE&G 2,512 $251.20 $4,270.40

Shearon Harris 2,202 $220.20 $3,743.40,

San Onofre 27,460 $2,746.00 $46,682.00

S. Texas 1,224 $122.40 $2,080.80

Sequoyah 13,938 $1,393.80 $23,694.60
;

St. Lucie 24,374 $2,437.40 $41,435.80 I

V C Summer 1,125 $112.50 $1,912.50 :
'

Surry 677 $67.70 $1,150.90

TMI 33,193 $3,319.30 $56,428.10

Trojan 9,456 $945.60 $16,075.20 l
Turkey Pt. 0 $0.00 50.00

Yankee Rowe 1,618 $161.80 $2,750.60

Zion 39,243 $3,924.30 $66,713.10

TOTALS 598,017 $59,831.70 $1,016,628.90

' Stockpiling is based on a cost of $0.10 per person per year.
2 Pre-distribution is based on a cost of $1.70 per person per year.

A-2
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CHRONOLOGY OF KEY EVENTS

1980 NRC SPONSORED COST-BENEFIT STUDY ON USE
OF KI ISSUED

1983 COMMISSION BRIEFING ON POTASSIUM IODIDE

1985 PRESENT FEDERAL POLICY ISSUED AND ADOPTED
BY NRC

1989 DP0 FILED BY MEMBER OF OGC STAFF

1990 DP0 PANEL PERFORMED SIMPLIFIED REANALYSIS OF i

THE VALUE AND IMPACT OF THE KI POLICY AND
DISTRIBUTED RESULTS TO STATES AND PDR

RES DIRECTED TO PERFORM A DETAILED UPDATE OF
THE NRC'S POLICY BASIS

1990 AT THE REQUEST OF THE AMERICAN THYROID.

ASSOCIATION, FEDERAL INTERAGENCY COMMITTEE-

RECONSIDERED ISSUES INVOLVED IN STOCKPILING KI

1992 RES-SPONSORED UPDATED COST-BENEFIT STUDY ON
USE OF KI ISSUED

1993 FEDERAL.KI SUBCOMMITTEE RECOMMENDS FURTHER
STUDY OF STOCKPILING POTASSIUM IODIDE

1994 NRC STAFF SEEKS COMMISSION GUIDANCE ON
POSSIBLE CHANGE IN NRC POLICY

4
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. PRESENT FEDERAL POLICY STAse.nENT ON KI.
| ENDORSED BY THE NRC
4

!

THE POLICY RECOW4 ENDS THE STOCKPILING OR
'

j DISTRIBUTION OF KI DURING EMERGENCIES FOR
: EMERGENCY WORKERS AND INSTITUTIONALIZED PERSONS,
i BUT DOES NOT RECOW4END REQUIRING PREDISTRIBUTION

OR STOCKPILING FOR THE GENERAL PUBLIC.
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| DP0 0F PETER G. CRANE -- ESSENTIAL POINTS

!
KI IS CHEAP AND IT WORKS, AS WAS PROVED BY THE

!
--

POLISH CHILDREN PROTECTED AFTER CHERNOBYL.;

|
STOCKPILING KI IS A MATTER OF PRUDENCE,j --

J NOTWITHSTANDING THAT IT MAY WELL NEVER BE NEEDED.

| ACCIDENTS CAN HAPPEN, AT NUCLEAR POWER PLANTS AND AT
DOE'S SAVANNAH RIVER WEAPONS PLANT (WHICH HAS NO'

CONTAINMENT). THERE ARE LARGE ERROR BANDS IN ACCIDENT2

j PROBABILITY ESTIMATES, AND IN THE REAL WORLD,

! UNPREDICTABLE THINGS HAPPEN.

!

[ THE U.S. REFUSAL TO STOCKPILE KI PUTS THIS--

: COUNTRY OUT OF STEP WITH THE REST OF THE DEVELOPED
WORLD.

,

1

i

COST-BENEFIT ANALYSIS IS A USEFUL TOOL, BUT--

! NEEDS TO BE APPLIED WITH COMMON SENSE WHEN DISEASE
| PREVENTION MEASURES ARE AT ISSUE. PREVENTION IS FAR
! PREFERABLE TO CURE.
!
:

THE 1983 PREMISE THAT RADIATION-CAUSED THYROID; --

i DISEASE IS TRIVIAL IS FALSE. THE DECISION ON KI MuST |

| RECOGNIZE THE POTENTIAL FOR FATAL CANCERS, AS WELL AS
,

THE SERIOUS MEDICAL AND QUALITY-OF-LIFE IMPACTS OF !
.

NON-FATAL THYROID DISEASE.
!
I

i TO THE EXTENT THAT NRC DISSEMINATED INCORRECT--

| INFORMATION IN 1983, WE HAVE AN OBLIGATION TO SET THE |
j RECORD STRAIGHT, SINCE STATES AND LOCALITIES LOOK TO

US FOR EXPERT GUIDANCE. ;

i
4

,

i
*

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



. . . - - - . - . . - . . . - - - - .

!,
'

-

i

!

;

PARAMETERS RE-EVALUATED I
:

!

EXPOSURE PATHWAYS POPULATION DISTRIsUTION I
INHALATION RATES FREQUENCY OF RELEASES f

INHALATION COEFFICIENT IODINE ISOTOPES RELEASED I
:

FETAL THYROID DOSE EFFECTIVENESS OF KI
INTERNAL RADIO-NUCLIDES COSTS OF STOCKPILING KI !

RISK OF TNYROID CANCER COSTS OF TREATMENT ;

RISK OF BENIGN NODULES LOST OF PRODUCTIVITY COSTS !

RISK OF HYPERTHYROIDISM (PSYCnOLOGICAL COSTS)* i'

: RISK TO THE UNsORN |
|

i *NOT CONSIDERED IN 1980 C/B STUDY
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Previous Results (1980) vs. Present Results (1992)

!

Ryulation Zone 1980 C/B Ratio 1992 C/B Ratio (with TM's "adiustments") !

(mi. from plant) (Note: Without (with "pc") (w/o"pc")
' " psychological gosts") |

!

5 3.2 2.9 27O -
;

10 4.2 10 93 !5 -

;

25 7.3 67 610 t10 -

i

i

50 20 330 3100 i25 -

:

50 - 100 62 1300 12000
i

i

100 - 150 200 3100 28000 i
!

150 - 200 420 5600 52000 !

:
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| ComISSIon POLICY OPTIDMS
.

1

OPTION 1: |
'

|
!

'

NO CHANGE IN EXISTING NRC POLICY

;,

: OPTION 2:
i

AWAIT REQUEST TO COMMENT ON OR ENDORSE ANY PROPOSED
NEW FEDERAL POLICY

J

OPTION 2A:

REMOVE ANY PERCEIVED IMPEDIMENT TO A CHANGE IN
FEDERAL POLICY !

i ENCOURAGE A REEVALUATION OF CURRENT FEDERAL POLICY
ON STOCKPILING4

(SUPPORTED BY NRR AND AEOD):

4

1

!

.
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i COMMISSION POLICY OPTIONS
i

i
|

OPTION 3:
1
i
i ADOPT A NEW POLICY WHICH ENCOURAGES FEDERAL
! EMERGENCY PLANNING AUTHORITIES TO ACQUIRE

POTASSIUM IODIDE RESERVES THAT COULD BE MADE'

| AVAILABLE DURING A NUCLEAR EMERGENCY.
!

-- INSUFFICIENT BASIS TO REQUIRE UTILITIES TO'

! SUPPLY KI
:

-- FEDERAL POLICY ISSUEj;
'

! -- NRC SHOULD TAKE A LEADERSHIP ROLE TO SUPPORT
! KI
i

: PAST NRC POSITION USED AGAINST KI-

j STOCKPILING

| KI IS EFFECTIVE UNDER CERTAIN CONDITIONS !-

KI STOCKPILING NOT EXPENSIVE |-

NOT WCRTH FURTHER RESOURCES TO STUDY ISSUE-

FEMA SHOULD PROVIDE KI TO ANY STATE AGENCY-

THAT REQUESTS IT AND HAS A PLAN TO
DISTRIBUTE IT

HUCH RATHER DEFEND POSITION OF NOT HAVING-

ENOUGH THAN NOT HAVING ANY

HELPS ADDRESS " OUTRAGE" FACTOR IN NUCLEAR-

REACTOR REGULATION

. _ __.. . -



bl"

. January 31. 1994
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MEMOPJdDUM FOR: Kathryn Winsberg
Myron Kalman
Steve Crockett
Neil Jensen

FROM: Peter C. Crane
b'

SUBJECT: POTASSIUM IODIDE

I would like to add a couple of points, responding to issues raised at the
recent briefing for Chairman Selin.

1. The argument that we do not need KI, because evacuation is
preferable to KI distribution, would be valid only if ws could assure
evacuation in all instances. We have never pretended to be able to assure
complete evacuation in a major accident.

In the Seabrook case, the Commission rejected the argument that aecause
in the event of an accident, it would not be possible to evacuate everyone*

from the vicinity, emergency preparedness was inadequate and the plant should
not be allowed to operate. At that time, the NRC's position was that adequate
emergency planning does not necessarily mean that everyone can be evacuated in
an emergency. Rather, there may be circumstances in which sheltering is the
preferred alternative.

Anv time that necole are sheltered. rather than evacuated. it makes
sense to administer KI. (I cannot imagine even the strongest opponents of KI

Istockpiling disagreeing with this proposition.) Unless we are prepared to
abandon the position that sheltering can be an adequate form of emergency
response, we cannot responsibly fail to have KI for the people who are
sneltered.

2. The argument that we do not need KI, because there will be so few
catastrophic accidents in which radiciodines will escape and require
administration of KI, f ails to recognize an essential reality; for every

catastrophic accident that results in a major release, there are likely to be
a number of less severe accidents that until they are brought under control,
give rise to the threat of a major release, and lead authorities to look for
KI as a precaution in case it has to be administered. The TMI accident was in
this category. If a similar event ever occurs, and it turns ou't that there is
no K1 to be had. NRC will have a lot of explaining to do. given the failure to
implement the Kemeny Commission's recommendation in favor of KI. This will be
true even if the event is brought under control, as at TMI, without a major
release of radioiodines.

Enclosed for your information is a 1989 article by Jerome Halperin, who
was Deputy Director of the Bureau of Drugs for FDA at the time of the TMI
accident. It describes how administration of KI for thyroid blocking was
recommended by an NCRP committee, headed by the ubiquitous Dr. Eugene Saenger
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fof the University of Cincinnati, in 1978, even before TMI. It also describes
in detail the haphazard, stumoling efforts to collect KI during the TMI ,

|accident.
<

The article concludes that U.S. preparedness regarding KI use is at a j

|" pre-Three Mile Island" state of readiness, with states and localities
It" unprepared in radiation emergencies to make prompt decisions on KI use." ;

i

urges careful examination of the data from Chernobyl, a reexamination of costs
and benefits and a new policy favoring stockpiling of KI. ;

'

As to whether KI would be useful in a real emergency, Mr. Halperin has 1

,

this to say:

Had radioicdines been released from Three Mile Island, j

thousands ci excess exposures to the thyroid glands of
persons in the environs of the plant would have occurred
needlessiv before distribution of the drug could have begun.

' ,

!

Attachment: " Potassium lodide as a Thyroid Blocker -- Three Mile Islano to -

.Today," Jerome A. Halperin, in DICP. The Annals of Pharmacotherapy, May 1989.
,

i

cc: James M. Taylor ,

'

Hugh L. Thompson
William C. Parler
Dennis K. Rathbun |

Roy Woods
;

.I
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! NUCLEAR REGULATORY COMMISSION,
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{ ,E wASHIN GTON. D.C. 20555
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! OFFICE OF THE j

February 8, 1994 |COMWSSIONER
"

|
1

|
:

MEMORANDUM TO: James M. Taylor p
fvr .

FROM- E. Gail de Planque 6
.

SUBJECT: SECY-93-318, RE-EVALUATION OF POLICY j

REGARDING USE OF POTASSIUM IODIDE AFTER A i

SEVERE ACCIDENT AT A NUCLEAR POWER PLANT

i

Before acting on SECY-93-318 I would like further information in
order to understand the cost / benefit aspects of the various
approaches to using KI..

1. What is the likelihood of an accident scenario in which one |'
'

would not protect against other radioisotopes (i.e. , no |;

sheltering or evacuation recommended) but would still wish |

to apply KI to protect against radioactive iodine?'

4

2. In order to evaluate the advantage of stockpiling KI near
the plant vs. at a central location, it would be useful to
know the probability of an accident with short term release,
say within less than 6-12 hours, vs. a protracted release,
e.g. several days. Please provide relevant data.

3. What are the cost / benefit ratios for the three options:*

a) pre-distribution to residents within 5 miles of the
plant (assuming the need for replacement, distribution
to newcomers, loss of KI when needed, etc.)

b) stockpiling near each nuclear power plant'

*

c) stockpiling at one location in the US
for the scenario not requiring evacuation and most favorable
to the successful use of KI.

4. What are the downsides-(side effects) of administering KI,
alluded to on Pg. 1 of the NUMARC letter?

5. Is the $1.70 per person (per year?) cost for distribution
estimated by staff, the cost of pre-distribution or the cost
of distribution of stockpiled KI at the time of the
accident? How did staff arrive at this figure?

.&

gno --- 009768 ,

(v' "/
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March 4, 1994
Rockville, MD

Hugh L. Thompson, Jr. (17G-21)
Deputy Executive Director for
Nuclear Material Safety. Safeguards, & Operations Support
U.S. Nuclear Regulatory Commission
Washington, C 2 555

W

Dear Mr. on:

Re: KI Issue

I was . instrumental in establishing the current NRC position
regarding KI. I have a whole box full of the early papers on the

I'm merely establishingsubject. But that's not the point -

credentials for the following.

Please held the bottom line: do not require that utilities
distribute K1 to the ' general public as a license condition. This
was my bot tom line over many years of discussions of the subject at
the staff and commission levels. As I said to Peter Crane at onetime: If I lived near a nuclear power plant, I'd have some KI for
my family (it's so cheap!), but I think it would be legally obscene
to require K1 predistribution to the public as a condition of a
license. If peter wants KI available in the schools, th'en let the
PTAs run car washes and buy some! At the time they cost only 2-3
cents apiece. Peter never did say just exactly what he wants.
Neither did Richard Wilson, with whom I had some words on the
subject, also.

Regarding the joint NRC/ FEMA position paper of some years ago: I
did not fight it because of one word: ' national' pre-distribution
was specifically discouraged in a FR Notice. At the staff level I
argued for a different position, to wit: that stockpiling of LI in
schools, fire stations, hospitals, etc. within or just beyond the
10 mile EPZ made some sense, so a positive position statement was
pref erable. The control bureaucracy is already well established and
the pills are cheap, so why not? I lost. But I knew that the
position paper would not be the end of the matter.

The major technical basis document at the time was the Blond &
Aldrich report on the efficacy of KI. Indeed, it showed that a
' national' KI predistribution program would not be cost effective ;

in terms of cancers avoided (half or more of the calculated cancers !

arise beyond 50 miles at most sites - all except for IP, as I J

recall - so the emphasis must be on the area beyond 50 miles, for 1

the cancer issue). However, the report also showed that, for people
nearby, taking KI in the early time frame reduced the number of
thyroid ablations to zero, for even the worst reactor accident
conceivable! Avoiding injuries and fatalities are the first

objectives of emergency response, of course, which should be
reflected in the emergency preparedness. Unfortunately, nothing

Zal b
qu&,,- -
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Ii cuch was ever m de of this pcrt of the report - except by ca, I
|guess.
|

At the time, I published the attached Note in the HP Jr., and i
'

distributed a draft to peers in the NRC, FEMA, and epa, in hopes
that I could prompt a more enlightened discussion. As you are now
well aware, I hope, K1 has to be readily availably for it to be
potentially beneficial. Moreover, in the early response phase,
you'd need to take only 2D1 pill! So a big stockpile isn't !

4 -
necessary. But the FR position paper was published before my Note
was published. It's interesting to note that the Russian paper I ,,

quoted was coauthored by Prof. II'in, who was prominent in the !

Chernobyl response as deputy head of the U.S.S.R. National Academy
of Sciences. The graph in the Note is rather notorious nowadays.

Good luck! Hang in there. Judging from the recent post article (on |
the financial page, yet), you're on the right track, even if this.

is an '9A (not NRC) problem. (I'd recommend that the Commission
tell the staff to quit bugging them on this, it's not the
Commission's problem. It's odd to me that engineers and lawyers
want to give expert advice on a medical, nay, pharmaceutical
issue.)

Sincerely,

, f ys , $ Z3f r" |

Jim Martin
22 Harvard Court ,

Rockville. MD 20850
301-340-1676

P.S. You don't have to reply to this. But if you'd like to see my
box full of papers on this, give me a call.-

i
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NOTES

more per administration) simultaneously with
Potassium Iodide: Predistribution or Not? The or severaltoun before the administration ofReal Emergene) Preparedness Issue '8'I. In our studies the protective efect . . .

was reliably at a maximum upon daily admin-
(Recened 26 July 1984; accepted 13 February 1985) istration of 200 mg of stable iodide . . . ."

(1172. p. 229) _

A RECENT review article provided a broad sample of Equal amounts of '8'l wert administered daily in the
hierature regardmg the administration of potassium latter experiments. -

iodide (KI) to reduce thyroid dose upon inhalation Thus,in either the slug or chronic intake case the
'

inhial dose of K1 is most important, twt for the slus " i:of radioiodine (Cr84). Unfonunately, the article failed
to address a fundamental point to wit: for emergency ~ exposure case the mittal done of KI is the only i">$r.
preparedness, the KI issue reduces to the question: important one and it must be taken within 2-3 h to ,, '[
Should K1 be predistributed or not? This note will be of substantive benefit after a slug intake of '8'I. p p, .[Ihh

M. .shed some light on this narrow, yet fundamental For the chronic intake (of '8'l) case, daily adminis- F* T,4 . .tration of K! would be necessary to maintain thyroid

'N^d,!!
question. ,'e 9The potential efhcacy of K1 is illustrated in Fig. I blockage. At any rate the initial dose of KI must he Qi.p[(1172) Ingestion of 130 rns of stable K1 either some immediately available'io be of potential benent, i.e. '~

hours before intake of radioiodine, or within 2-3 h with or near a penon orin numerous local distnbution
afterward, provides an efective block to the uptake centers.
of the radioiodine by the thyroid. A thyroid dose A decision against predistribution or local stock. b .d

**

reduction factor of about 20 is possible if the K! is to a decision to be U Ms, , , , , , , ,

taken at the time of a slug (short, rapid) intake of pilms would be tantamountunpreoared for the administration of K1 at a ume. ~ .
~'

radioiodme. Beyond 3 or 4 h after a slug mtake, the when it would be most benencial.This could well be
bene 6t of the KI would be markedly reduced for a defensible position based on the low probability of

-

I many people, although one subject in the study an accidental releast for which administration of KI W- ,

bcnchtted to the catent of about 10% aAer such a would be warranted the costs of a 40.y preparedness
delay. Only a few subjects were involved in this program ano the 6mited bene 6ts the drug would
study, so the spread in mdividual responses would provide (US80s; US80b). On the other hand, the . ' *

.,

be expected to be greater in the public at large. drug is quite inexpensive (about 10e each, capital
'

#.,,.!@?
Two other signi6 cant observations by ll'm er sl. cost). As an alternative, the preparedness matter

d[...
,'"(as translated from the original Russian) are: could be leh to the individual where the drug is

available for purchase.
,

I-I (i) mth regard to a slug intake of '8'l: The number of persons selected to be involved m,
*

a preparedness program would depend on the radia-
"It is important to emphasite that the accel- tion pmtection objectives of the authonties. A point f;g
cration of the elimination of radioiodine thich often missed is that for an atmosphere release, a ,;,,p.....
emers the bodv en e ene time basis cannot be Si "if' cant reduction in collective dose (and total J8 * " " " " ' 'achieved more' by increasms the frequency of

numben of adverse heahh efects) can be achieved
~ ' ~

administration oflarge amounts ofiodide than only by rsducing doses over long ranges, i.e. 50-200j
by a single administration of a lasse dose of km for most nuelcar power plant sites in the United
iodides? (1172, p. 234) States (US83). Thus, a preparedness program would,

have to be broadcast to be potentially benencial in
-

and (ii) with respect to the chronic intake case:
this regard. By the same token, during an emergency.

"Thus, the resuh of studies involving repeated response, the numbers of people who would have to
administration of '8'l convincingly show that respond to achieve this bencht would be quite large. 1

quite a high value of protective eNect can be This would raise the possibility of a small number of,

reached only by administering to the body the low probability adverse reactions to KI described

relatively large amounts of iodides (100 mg or by Crocker (Cr84).

287
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dof which only a few (3-5) were involved (!!72). b ass,** 8
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t*

'

lo rontrast to collective dose. whieh would inercase predistribution issue (US$3; US84). The matter is p
"" '

wiib distance ind_ividual nsks of thyroid ablation and unresolved at this time in the United States.
,

_l.atent cancer deetcase monitonically with dtstance'

(1872, US80a. USBob). Thus, a preparedness program J Am A. M arm JR. |
which has the objective of reducing individual risks Dartsion of Risk Analysis and Operations .

.
could be limited to a short range, e.g. 5 km, and U'8 #"#I##' ##f"I#'#'F C#* *i38'#" [I
fewer people, with a lower potential for adverse 14'ashington. DC 20555 ,i'

reactions to KI. !.
in the United States the Nuclear Regulatory Com. '

Referencesmission and the Federal Emergency Management Crocker D. G.,1984, * Nuclear reactor acci.
Agency recommend that K! be stockpiled in or near Cr84
nuclear power plants for the use of plant personnel, dents--the use of K! as a blocking agent against

| emergency workers and inhabitants of certain local
radioiodine uptake in the thyrosd-a review," n.

*

institutions dunng a radiological emergency (US80c). Nealth Phys 46,1265-1279. '','.

The U.S. Food and Drug Administration has deter- !!72 !!'in I-. A., Arkhangerskays G. V konstanti-
mined that ingestion of K1 would be warranted at a now Y. O. and Likhtarev 1. A.,1972. Radioderivt

projected thyroid dose of 25 rem and has authorized
lodme in the Problem of Rad ation Safety. Atom-
izdat. Moscow, U.S.S.R. (English translation avail- p

*

the non-prescription sale of the drug (US82). able from National Technical Information Services,The remaining issue in the United States is whether
or not K1 should be predistributed to the public for U.S. Department of Commerce. Springfield. VA

a

immediate use in the event of the release of sgnificant 22151, as AEC tr 7536, June 1974.)

quantities of radioiodines to the atmosphere. The K1 US80a U.S. Nuclear Regulatory Commission. 20

sssue has been debated for many years in the United May 1980. Radiation Protection Thyroid R/ocking.

States but only recently has the focus been on the Memorandum for the Commissioners. U.S. Nuclear
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Regulatory Comminion, Washington. DC 20555. US82 U.S. Food and Drug Administration,1982 |.

SECY.80 257. "Potanium lodide as a Thyroid Blocking Agent in |
US80b U.S. Nuclear Regulatory Commission.18 a Radiation Emergency-Final Recommendations ;

September i980, Radiation Protection. Thyroid on Use," Federal Register 41(l25L 28158. }
*

R/ocking. Memorandum for the Comminioners, US83 U.S. Nuclear Regulatory Comminion, 30
U.S. Nuclear Regulatory Comminion, Washington. August 1983. Emertency Planning.Predistribution/ |'
DC 20555. SECY-80-251A. Stockpilsng of Potasstum lodode for the General ;*

USB0c U.S. Nuclear Regulatory Commission and Public. Memorandum for the Comminioners, U.S. |
U.S. Federal Emergency Management Agency, I Welear Regulatory Commission, Washington, DC l

November 1980. Crueriafor Preparation andEval. v555, SECY-83 362.
uation of Radiological Emergency Response Plans USS t U.S. Nuclear Regulatory Commission. 20
and Preparedness sn Support of Nuclear Pomer Janun 1984. Usr ofrotassium lodadefor Thyroid
Plann. U.S. Nuclear Regulatory Commission. Alocking. M*morandum for the Commissioners,-

j

Washington, DC 20555. Rev.1. NUREG.0654/ U.S. Nuclear Reguhtory Ctenmission. Washington, j

FEM A. REP-l. DC 20555. SECY.83-302A.
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: fM: James M. Tayi r

Executive Di cTNOOe% Die)

SUBJECT: ADDENDUM TO SECY-93-318 RE-EVALUATION OF POLICY
REGARDING USE OF POTASSIUM IODIDE AFTER A SEVERE
ACCIDENT AT A NUCLEAR POWER PLANT

PURPOSE:

To supplement SECY-93-318 concerning a possible chane in the NRC policy
regarding the use of potassium iodide (KI) as a radiopratective agent for the
general public. This addendum provides a recommended staff option for
Commission consideration and responds to questions raised by several
Commissioners.;

DISCUSSION:

1 In SECY-93-318, the staff sought Commission guidance concerning a possible '

change in the NRC policy regarding the use of potassium iodide as a
,

radioprotective agent for the general public. The paper presented three
options for Commission consideration with regard to this matter: (1) make no
change in existing NRC policy, (2) await a request from the appropriate
interagency group which recommends federal policy in this area to commer.c on
or endorse any proposed guidance before changing the current NRC policy, or
(3) adopt a change in NRC policy which would encourage the federal emergency
planning authorities to acquire potassium iodide reserves that could be made
available during a nuclear emergency.

Since the SECY paper was issued, the staff has received oral and written
.

questions from several Commissioners regarding the benefit-cost analysis and
other issues related to the stockpiling and distribution of potassium iodide.'

Responses to questions raised by Chairman Selin, Commissioner Rogers and
Commissioner de Planque are provided in enclosures 1, 2 and 3.

In addition, the staff has recently engaged in preliminary dialogue with FEMA
and HHS, who along with the NRC, are the federal agencies responsible for
providing guidance to State and local governments concerning emergency
planning, the use of radioprotective substances, and the prophylactic use of
drugs in response to a radiological accident at a nuclear power plant. We now

Contact: R. Woods, RES NOTE: TO BE MADE PUBLICLY AVAILABLE
492-3908 WHEN THE FINAL SRM IS MADE

F. Congel, NRR
504-1088
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The Commissioners -2-

understand that HHS and FEMA would cooperate with the NRC in working toward
the adoption of a revised federal policy on KI. Accordingly, the staff is
proposing a fourth option for Commission consideration.

4. NRC, in coordination with HHS and FEMA, revise current federal KI policy,

to make KI available to the States

Although a. reactor accident requiring KI is unlikely and KI is only
effective as a protective measure for the dose to the thyroid due to
radioactive iodine, the cost to purchase and stockpile amounts
sufficient to administer to populationy within five miles of operating
nuclear power plants is relatively low . Consequently, it appears
prudent to stockpile KI for limited populations located close to the
operating nuclear power plants.

This option represents an interoffice consensus and is recommended by
the staff. If the Commission chooses this option, the staff will work
directly with FEMA and HHS to revise the Federal policy regarding i
stockpiling KI for possible use in a radiological emergency. The l

revised policy would state that KI will be purchased by the federal
i government (most likely the NRC or FEMA) and made available through FEMA

to the States. While NRC encourages the stockpiling of KI, the decision
to stockpile, distribute and use KI would be the responsibility of the
individual States' emergency planning authorities. At the option of the
States, procedures incorporating the use of KI in State emergency plans

,

would be developed with the assistance of FEMA. The details regarding-
this option would be developed and coordinated through the Federal
Radiological Preparedness Coordinating Committee.

j

!

|

_

1 The unit cost to purchase KI is $0.05 per pill. Since a KI supply 4

sufficient for one person consists of 10 pills, the cost to purchase a KI
stockpile is $0.05 x 10 - $0.50 per person to be protected by that stockpile.
There are 598,017 persons living within' 5 miles of the 55 nuclear power plant ,

'sites listed in the cost-benefit reevaluation report, including populous sites
such as Indian Point, Zion, TMI, Limerick, etc. There are 72 nuclear power
plant sites in the U.S. Thus, if all States were to request KI a conservative
estimate of the total population within 5 miles of any U.S. nuclear power
plant site (i.e., the number of persons proposed to be protected by the
stockpile) is 598,017 x 72/55 - 782,859 persons, and the initial cost of
providing a KI stockpile for those persons is $0.50 x 782,859 - $391.400.
Since K1 has a shelf life of 31 least five years, the yearly cost would not be
expected to exceed $391,400/5 - $78,300 per year, which is equal to 50.10 per
person per year. In fact, if only plume exposures are considered only one or
two pills would likely be needed, reducing the cost even further.
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The Comissioners -3-

COORDINATION:

The Office of ' he General Counsel has reviewed this paper and has no legalt

objection. Peter Crane, who filed a Differing Professional Opinion on this.

matter, concurs in the staff's recomendation.

RECOMMENDATION:

The staff recomends option 4 in which the NRC, in coordination with HHS and
FEMA, would revise current federal KI policy to make KI available to the
States.

/-
--

a es M. Ta r

ecutive Director
for Operations

Enclosures:
1. Responses to Chairman Selin's

Questions
2. Responses to Comissioner Rogers

Questions j

3. Responses to Comissioner '

de Planque's Questions

|Commissioners' comments or consent should be provided directly
'

to the Office of the Secretary by COB Wedner, day, April 13, 1994.

Commission Staff Office comments, if any, should be submitted
to the Commissioners NLT Wednesday, April 6, 1994, with an
information copy to the Office of the sacretary. If the paper
is of such a nature that it requires additional review and
comment, the Commissioners and the Secretariat should be
apprised of when comments may be expected.

DISTRIBUTION:
Commissioners
OGC i

OCAA
OIG
OPA
OCA ;

OPP
EDO
SECY
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ENCLOSURE 1

RESPONSES TO CHAIRMAN SELIN'S OUESTIONS AT FIRST BRIEFING
~

1. Were the most appropriate sequences considered? Provide i
details concerning the sequences of events analyzed. I

l
|

Reniv: The four release categories considered represent ALL
the accidents for Surry Nuclear Plant in which significant
quantities of radioactivity are released. [In fact, since one of
the four (RSUR-3) did not involve a containment failure or
bypass, it didn't contribute significantly and has been deleted
from these responses.)

|
;

These release categories include internal and external events, as |
shown:

Internal Events RSUR-1

{LOSP
Sta. Blackout CDF=4E-05 2.9E-07 m

.Dsls. Fai (6 hr) '
Cont. Bypase __s3g,
ATWS
LOCA

RSUR-2
%

External Events 2.4E-06 _
M4 (12 hr)

'

Trans. w LOSP j
Seismic SLOCA .

LLOCA
CDF=1.3E-04

Fire Trans, w RCP \*-" '

seal fail. RSUR-4
PORV Stk. Ope !

1.6E-06 .
% (1 hr) '

The above encompasses thousands of individual sequences, some
leading to one of the three releases shown, but most leading to
core damage but NOT to release.

Two example sequences, in " Readers' Digest" narration format,
are:

a) Station Blackout Caused by Internal Events - Loss of
on-site and off-site ac power results in the
unavailability of the high-pressure injection system,
the containment spray system, the inside and outside



,

- . _ _ _ .- . _. _ . _ _ _ _ . _ _ _ .. _ - _ . _ . _ - _ __ ._

g
4

.

; containment spray recirculation systems, and the motor-
j driven auxiliary feedwater (AFW) pumps. While the loss i

of all ac power does not affect instrumentation at the
start of the station blackout, a long duration station
blackout leads to battery depletion and subsequent loss
of vital instrumentation. Battery depletion was

,

concluded to occur after approximately 4 hours. The
ability to subsequently provide decay heat removal with'

the turbine-driven AFW pump is lost because of the loss
of all instrumentation and control power.

4

Approximately 3 hours, beyond the time of battery.
depletion, were allowed for restoration of ac power.

i before core uncovery would occur.

; b) Seismically Initiated Station Blackout /LOCA -
Seismically initiated loss of off-site power plant,

;. transients may lead to cooling system failures
.

inclusive of the reactor coolant pump seals. The
! . failurr ,t coolant pump seals results in a reactor

coolant pump seal LOCA. Concurrently, station blackout
also results in the unavailability of the high pressure,

injection (HPI) system, as well as the auxiliary
feedwater motor-driven pumps, the containment spray

'

system, and the inside and outside spray recirculation
; systems. Continued coolant loss through the failed

seals, with unavailability of the HPI system, leads tos

core uncovery.

.

|

!

i

;

4

i

4

4

2

j .

,

4
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2. How many thyroid-related health effects would result from
the sequences considered, without KI available? How many
would occur, even with KI stockpiled or predistributed? In
what traction of the population do these health effects
occur?

Reply: Thyroid-related health effects among the 10,700 persons
within 5 miles of the average US LWR (corrected for all factors
to be discussed in these responses) for the stockpilina option j
are:

Release Thyroid Cancer Thyroid |
Category Nodules Hypothyroid.
(option) Non- Fatal !

Fatal

RSUR-1:

No KI 123 14 361 105
KI stkold 12 1 211 LQE
Avoided 43 5 120 0

RSUR-2:

No KI 52 6 155 31
KI stkold 21 1 112 H
Avoided 16 2 43 0

!

RSUR-4:

No KI 47 5 139 33
KI stkuld 41 1 121 M
Avoided 0 0 0 0

.

3



.'

Thyroid-related health effects among the 10.700 cersons within 5
miles of the average US LWR (corrected for all factors to be
discussed in these responses) for the credistribution option are:

Release Thyro!.d Cancer Thyroid
category Nodules Hypothyroid.
(option) Non- Fatal

Fatal

RSUR-1:

|

No KI 123' 14 361 105
KI oredst 17, 1 ifa 1Q1
Avoided 76 8 201 0

RSUR-2:

No KI 52 6 155 31
KI Dredst 25, 2 31 H
Avoided 26 3 71 0

RSUR-4:

No KI 47 5 139 33
KI Dredst la 2 iq n
Avoided 28 3 79 0

4

i

i
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Thyroid-related health effects among the 10.700 nersons within 5
2

j miles of the average US LWR presented in the original Draft i

Report (without application of any of the correction factors to
;

be discussed in tnese responses) for the'stockoilina option are:j 1-

.
1

Release Thyroid Cancer Thyroid *

Category Nodules Hypothyroid.
,

(option) Non- Fatal
Fatal

+
;

RSUR-1: |

d No KI 123 14 361 105
KI stkold if 2 ja 1
Avoided 107 12 303 99;

i

~

RSUR-2:
i-
i No KI 52 6 155 31 ,

KI stkold li 2 52 2 |
4

Avoided 38 4 103 28 "

l

!

RSUR-4:
,

!.

} No KI 47 5 139 33 [
j KI stkold 2 1 21 1
j Avoided 40 4 114 32
i

| (Note that avoided thyroid problems were not calculated in the
j Draft Report for the predistribution option)

3. What was the whole-body. exposure of persons with those
effects? Was KI credited with avoiding thyroid-related

j health effects in persons who would die from whole-body
i exposure?

i

Reply: In RSUR-1, at the plume centerline within 5 miles of;

: the plant, maximum whole body doses are predicted to be 870 rem
._

(these doses decrease at greater distances and also decrease "off
1 centerline" of the plume).
:

[ Whole-body doses in the range of 870 rem are quite likely fatal.
; However, MACCS code subtracts all radiation exposure of persons
| who become early fatalities from the total population radiation
f " pool" that is used when MACCS calculates latent health effects.
2 - Therefore, latent health effects (including thyroid nodules,

fatal and non-fatal cancers, and hypothyroidism) are not'

:

k
j 5

<

:

)

!
!
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calculated in persons who become early fatalities. Thus, since

they are not predicted, their avoidance due to presence of KI |

stockpiles is not credited as a " benefit" of the KI. However, |
!

two correction factors have been developed and applied to the4 .

Draft Report's C/B ratios to correct for imprecisions in the
,

MACCS code. These are- i

a) The Mortality Factor (MF) . Hypothyroidism's threshold i
'

exposure is such that a thyroid dose leading to
|hypothyroidism would also involve a whole body exposure '

that could prove to be fatal. Thus, the value of KI in
eliminating hypothyroidism occurs among individuals who
might die from acute whole body radiation exposure.
Accordingly, to avoid possible overlap in counting KIj benefits, the benefit of eliminating hypothyroidism has
been subtracted from the " Reference" cost-benefit ratio
stated in the draft report. The "MF" factor causes a
-15% to 20% increase in the C/B ratio, eliminating the

-

ipossible overlap. .

b) The High Dose Factor (HDF). At high radiation i
Iexposures, there is a very significant decrease per,

unit dose in the probability of causing fatal and non- |
'

fatal thyroid cancer or thyroid nodules. This is
2

because the high doses also kill the thyroid gland's
cells, destroying their ability to reproduce. If they,

can't reproduce, they also can't develop nodules
(cancerous or benign). This effect is not included |

properly in the MACCS code. Correction is accomplished
'

by the High Dose Factor (HDF) , which causes a ~6%
increase in the C/B ratio.

4. How effective was }C[ assumed to be in preventing thyroid
health problems after a nuclear release?

Reolv: The following factors were correctly taken into account
in the Draft Report's C/B ratios:

a) When administered before plume passage, KI is assumed
to prevent 99% of the thyroid exposure caused by
inhaled radioiodides.

b) Inhaled radiciodides cause between 90% and 95% of
,

thyroid irradiation (I"1 is dominant, but all iodine
isotopes are included).

c) KI is NOT assumed to be effective in preventing thyroid
irradiation caused by: combined inhalation of non-
radiciodides, and external exposure from plume
immersion, cloud shine, and ground deposition.

__

6

L_.
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Although KI would help prevent thyroid exposure from
ingested radioiodides, regional populations in the US
are not criticslly dependent on local food sources, and
it is assumed that this exposure pathway can be
trivialized by protective measures imposed by local

'

health authorities to limit availability and intake of.
.

contaminated food sources.

However, correction factors have been applied to the Draft
Report's C/B ratios to account for:

~

d) The Availability Factor (AF). This factor accounts-for
the fact that, contrary to the draft report's
assumption that 100% of the population would have KI
available and would take it prior to plume passage, the
actual availability would be lower.

e) The Timeliness factor (TF). This factor accounts for
the fact that time of KI administration might not be
before plume passage, and thus the assumed 99%

;

effectiveness for preventing thyroid exposure from j
inhaled radioiodides would be lower. !

,

Both of these factors are dependent upon the distribution plans I
(or on effectiveness of pre-distribution). Factors I
calculated / assumed by the contractor are shown on page 9; page 8 j
shows how quantitative effects on the C/B ratio can be determined
for alternate (subjectively preferred) assumptions.

5. What costs associated with providing KI were included?

Reply: For stockpiling, the only cost assumed in the Draft
Report was purchasing and then replacing KI every 5 years. This
costs $0.10 per year per individual.

For predistribution, costs are based on Tennessee State
officials' pre-distributing 3704 vials, each containing KI
tablets for an entire household. Costs included purchase of the !

tablets and a public relations program presenting the objectives
of iodide prophylaxis, information regarding safe storage, proper
usage, dosage, contraindications, etc., and attempting to

,

establish public confidence. Total cost was $125,000. Assuming ;

a five year KI shelf. life and four individuals per household,
cost per person per year is:

$/ person-yr = $125,000 / [(3704 x 4) x (5) ) = -$1.70

7

|
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A Cost Factor (CF) of $0.10/$0.10 = 1 for stockpiling.and
j. $1.70/$0.10 = 17 for predistribution was used to determine the ,

'
'

revised numbers in these responses.

; Alternative (subjectively preferred). Cost Factors can be applied
as shown below in the response to Question 6.

| 6. How can one utilize different correction factors?

| 1

| Reply: This can be accomplished by use of the equation: |
!

(Ref. C/B) x (CF) x (AF) x (TF) x (MF) x (HDF)C/B =
,

where:

i C/B =.the modified cost-benefit ratio ;

|
Ref..C/B = the Draft-Report-derived Cost / Benefit Ratio i

2- for the 0-5 mile population:

' - - when psychological costs are included,
Ref. C/B = 2.2
when psychological costs are excluded,-

,

Ref. C/B = 21 ;

$ Cost of crovidina KI car individual-vr~1
F= ;"

$0.10,

4

1 *AF = -

| % of population having access to KI

! 99% 1

TF = i
% efficiency in thyroid dose reduction. |

i

! !
! Avoided Costs: Nodules. Cancers. Hvoothyroidism

MF =
| Avoided Cost for Nodules and Cancers
i

= 1.20 if benefits from avoided psychological costs j
'

are included i
!

= 1.14 if benefits from avoided psychological costs I
are not included j

MACCS Uncorrected Pooulation Thyroid Dose
HDF= Corrected Population Thyroid Dose

1.06=
,

i

s
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Using the best-estimates already discussed, cost-benefit ratios
for the stockpiling option and the predistribution option are:*

Ref. C/B MF Modified C/B
KI Option CF AF' TF2 HDF

: Psy No Psy Psy No Psy Psy No Psy

"

Stockpi. 2.2 21 1 1.67 2.3 1.20 1.14 1.06 11 99

Predist. 2.2 21 17 1.42 1 1.20 1.14 1.06 69 624

i 8 For the stockpiling option, as a central value, it is assumed that 60% of the population can be

{ provided with KI, so that AF = 100% / 60% = 1.67. For the predistribution option,
i considering the Tennessee experience, it is assumed that 70% of the population has access to

predistributed KI, so that AF = 100% / 70% = 1.42.;

2 For the stockpiling option: For RSUR-1 and RSUR-2, a reasonable estimate assumes a
modest delay in KI administration that, on the average, confers a 70% reduction in thyroid

,

; exposure. For RSUR-4, the short interval to release time and brief duration preclude the
likelihood of any protective action by KI. Based on the relative contribution to the totali

; avoidable thyroid effects by these three release categories, an overall percent of thyroid dose i
; reduction of 43% is estimated. Thus, TF = 99% / 43% = 2.3 . For the predistribution

option, all individuals who have access to their predistributed KI are assumed to take it before
plume arrival, so that the achieved overall dose reduction factor is 99%. Thus, TF = 99% /
99% = 1.0 .'

|

1 7. Did the analyses assume evacuation? What effects did (would) evacuation have on the
C/B results?

,
.

Reolv: The Draft Report's analyses assumed NO evacuation and normal activities (means
,

!75% sheltered, indoors).

| If one assumed 100% effective evacuation before plume passage, KI benefits would be reduced

.

to zero (C/B = infinity). But such an evacuation is not realistically achievable for the
; following reasons:

| a) release time is one hour for RSUR-4, six hours for RSUR-1, and twelve hours
for RSUR-2 (these three release categories are the only ones that produce ': >

| significant Iodine releases)
.

b) majority of sequences include earthquake and/or LOSP

c) roads could be damaged or blocked, communications disrupted, traffic signals
inoperable, etc.

.

9
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APPENDIX
:

,

FACILITY-SPECIFIC COSTS FOR 0-5 MILE POPULATIONS
!

; The modified cost-benefit ratios defined in these responses have general applicability and
are independent of the site-specific demographics that may characterize individual facilities.

i Accordingly, facilities with 0-5 mile populations greater than those defined by the Reference

| Facility (10,700) will have greater costs but also correspondingly greater benefits. The
i following table provides site-specific population data and associated costs for KI under the
; stockpile and pre-distribution options.

i Table A-1. KI Costs for the 0-5 Miles Population

f Populat. KI Costs ($)
i_ Reactor 0-5 miles Stockpile' Pre-dist.2

Browns Ferry 2,085 $208.50 $3,544.50

Brunswick 5,900 $590.00 $10,030.00
'

Cooper 930 $93.00 $1,581.00 -

Fermi 18,532 $1,853.20 $31,504.40

Fitzpatrick 6,352 $635.20 $10,798.40 ,

IGrand Gulf 2,165 $216.50 $3,680.50

Hatch 888 $88.80 $1,509.60

Hope Creek 1,325 $132.50 $2,252.50

12Salle 1,332 $133.20 $2,264.40

Limerick 74,584 $7,458.40 $126,792.80

OC 25,805 $2,580.50 $43,868.50

Perry 12,923 $1,292.30 $21,969.10

Quad Cities 7,431 $743.10 $12,632.70

River Bend' 3,099 $309.90 $5,268.30

Susquehanna 14,938 $1,493.80 $25,394.60

Vermont Yankee 8,330 $833.00 $14,161.00

WNP-2 484 $48.40 $822.80

Vogtle 384 $38.40 $652.80

Arkansas One 10,765 $1,076.50 $18,300.50

Beaver Valley 21,499 $2,149.90 $36,548.30

Callaway 843 $84.30 $1,433.10

Calvert Cliffs 7,739 $773.90 $13,156.30

| Catawba '16,778 $1,677.80 $28,522.60

10
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! Populat. KI Costs ($)
| Reactor 0-5 miles Stockpile' Pre-dist.'
| Crystal River 539 $53.90 $916.30

| Davis Besse 2,002 $200.20 $3,403,40
i Diablo Canyon 76 $7.60 $129.20

| D C Cook 11,507 $1,150.70 $19,561.90

Ft Calhoun 12,720 $1,272.00 $21,624.00

Robinson 13,079 $1,307.90 $22,234.30

Farley 2,879 $287.90 $4,894.30

Haddam Neck 12,816 $1,231.60 $21,787.20
| Indian Pt. 110,372 $11,037.20 $187,632.40

Kewaunee 2,317 $231.70 $3,938.90

McGuire 5,128 $512.80 $8,717.60

Maine Yankee 5,111 $511.10 $8,688.70

N. Anna 1,925 $192.50 $3,272.50

Oconee 4,656 $465.60 $7,915.20
Palisades 5,784 $578.40 $9,832.80

Palo Verde. 494 $49.40 $839.30
Ft. Beach 1,633 $163.30 $2,776.10 -

!
,

IPrairie Is. 2,422 $242.20 $4,117.40

Rancho Seco 424 $42.40 $720.80,

PSE&G 2,512' $251.20 $4,270.40

Shearon Harris 2,202 $220.20 $3,743.40

San Onofre 27,460 $2,746.00 $46,682.00
,

S. Texas 1,224 $122.40 $2,080.80 |

Sequoyah 13,938 $1,393.80 $23,694.60 )
St. Lucie 24,374 $2,437.40 $41,435.80

V C Summer 1,125 $112.50 $1,912.50

Surry 677 $67.70 $1,150.90

| TMI 33,193 $3,319.30 $56,428.10

l Trojan 9,456 $945.60 $16,075.20

| Turkey Pt. 0 $0.00 $0.00 j

| Yankee Rowe 1,618 $161.80 $2,750.60

| Zion 39,243 $3,924.30 $66,713.10 - ;

TOTALS 598,017 $59,801.70 $1,016,628.90 l

i i

i 11 !
:
?
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~ Table A-1. KI Costs for the 0-5 Mile Population (Continued)i

\
,

' Stockpiling is based on a cost of 50.10 per person per year
2 Pre-distribution is based on a cost of $1.70 per person per year
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IENCLOSURE 2

RESPONSES TO COMMISSIONER R0GERS' 2/17/94 KI OVESTIONS |

Describe the current status of the two survey studies that were to be ,

performed for the FRPCC Potassium Iodide Subcommittee, i.e., from the States
with NPP's and from the IAEA as well as the status of development of the FRPCC
recommendation.

Potassium Iodide (KI) Surveys

FRPCC Survey

i

FRPCC is currently conducting a national survey through the Conference of ;

Radiation Control Program Directors (CRCPD) to determine the level of interest j
by individual States for a Federal stockpile of KI. To this end, on February |

7, 1994, FRPCC forwarded to CRCPD a questionnaire for distribution to )
cognizant State agencies.

'

The survey solicits input from cognizant State agencies on whether the State
favors a Federal stockpile of KI, and requests comments on three options: (1) !
One central stockpile location for the entire country; (2) five to ten
regional stockpile locations; (3) a stockpile in each State. The survey also
seeks input from each State on method of distribution. ;

FRPCC expects to have the results of this survey by March 30, 1994. The FRPCC
Subcommittee on KI is expected to analyze the result of the survey, and on
that basis, identify options available for FRPCC final decision. Based on a
very preliminary review of the responses received so far from the States, it
appears that some States favor a Feduti =tockpile and some don't. (Of course,
adoption of a new Federal policy ences ang KI stockpiling might affect
States' views of the desirability of kl.)

FRPCC Subcommittee on KI originally considered conducting a survey through
IAEA. Later the Subcommittee decided not to pursue the IAEA survey.
When the subcommittee completes its analysis, it will present the results to
the full committee.

Orcanization for Economic Cooperation and DeveloDment/ Nuclear Enercy Acency
(OECD/NEA) Survey

The Group of Experts on Nuclear Emergency Matters of the Committee for
Radiation Protection and Public Health (CRPPH) is sponsoring a workshop on KI
and other short term protective actions in June 1994. Sweden leads the task
group in which the U.S. is a member. The task group assigned the NRC the task
to develop a questionnaire for distribution by the NEA to member countries
describing their policies on KI and other short term protective measures. The
results of this survey will be presented at the upcoming workshop in Europe.
Within NRC, AEOD is the lead on the interactions with other members of the
Group of Experts on Nuclear Emergency Matters.

I
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ENCLOSURE 3

'

|

RESPONSES TO COMMISSIONER de PLANOVE'S 2/8/94 KI OVESTIONS i

i 1. What is'the likelihood of an accident scenario in which one would not J

protect against other radioisotopes (i.e., no sheltering or evacuation j
recommended) but would still wish to apply KI to protect against |

| radioactive iodine? |

|
redly: The staff is not aware of any accident scenario in which one would |
not protect against other radioisotopes but would still wish to apply KI for J

protection of the thyroid. -

|
Radioiodine is produced within the nuclear fuel elements as one of many
fission products. Release of radiciodine to the environment can happen only
after damage to the fuel elements has occurred. If damage to the fuel
elements is extensive enough to cause a significant release of radioiodine,
that damage would also cause a significant release of other radioactive
fission products, against which KI offers no protection. Therefore, one would
alwaYs wish to protect the public by evacuation and/or sheltering from any
event involving a significant release of radiciodine, because that release
would also include other radioactive fission products.

However, KI could be useful for protection from the radioiodine component of
the release in any accident ecenario where the decision to recommend
evacuation is delayed, or the actual evacuation is delayed due to physical -

,

impediments such as earthquake damage, loss of electric power for <

communications and traffic signals, weather (fog, hurricane conditions), etc.
For these scenarios, it is expected that sheltering would be recommended.

Similarly, KI could also be useful for protection from the radiciodine
component of the release in " fast-breaking" scenarios with insufficient time
for evacuation before plume passage. KI would provide protection from
exposure to radiciodine during the sheltering and evacuation phases of the
accident.

2. In order to evaluate the advantage of stockpiling KI near the plant vs.
at a central location, it would be useful to know the probability of an
accident with short term release, say within less than 6-12 hours, vs. a
protracted release, e.g. several days. Please provide relevant data.

! redly: There have been no releases of radiciodine in the U.S. that would
,

have warranted the use of KI if it had been available. Thus, the response to

| this question is limited to thc use of release predictions, not actual release
'

data.

The significant radioiodine releases calculated for the Surry plant (in the
analyses presented in NUREG-1150) fell within three categories, with the

1
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following frequencies-and predicted release times after start of the event
(these same release categories were assumed in our analyses):

RSUR-4 1.6R-06/ reactor-yr I hour
RSUR-1 2.9E-07/ reactor-yr 6 hours
RSUR-2 2.4E-06/ reactor-yr 12 hours

3. What are the cost / benefit ratios for the three options:
,

a) pre-distribution to residents within 5 miles of the plant
(assuming the need for replacement, distribution to newcomers,
loss of KI when needed, etc.)

b) stockpiling near each nuclear pla,nt

c) stockpiling at one location in the US

for the scenario not requiring evacuation and most favorable to the
successful use of KI.

Repiv: Since issuance of SECY-93-318, in response to questions from
Chairman Selin, the staff has esticated changes that would be needed in the
cost / benefit ratios to account for: pre-distribution vs. stockpiling; the
potential for " double counting" certain benefits of KI at high doses;
incomplate modeling in the MACCS code of health effects at high doses; more
realistic efficiency of KI in preventing health effects when KI is
administered after the start of plume passage; and lack of availability of KI
to 100% of the population [these " correction" factors are discussed in the
enclosed responses to the Chairman's questions (described on pages 6, 7, 8,
and 9 of Enclosure 1]. Based upon application of these factors, the requested
C/B ratios are, respectively:

a) C/B = 69

b) C/B - 11

c) Based on the population data given in Appendix A to Enclosure 2,
the ratio of the maximum population within 5 miles of any nuclear
plant (Indian Point) to the total population within 5 miles of all
nuclear plants is:

110,372 / 598,017 = 0.185 - 18.5%

Assuming a single national stockpile would be 18.5% the size and
cost of the total of all stockpiles for all plants, and assuming
that the benefits of such a single national stockpile would be
only 50% as great as they would be for local stockpiles, due to
delays in getting the KI to the exposed population from one
central location (further from the average plant than a local

2
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stockpile would be), the C/B ratio given in part b), corrected to
'

apply to this situation, would be:

C/B - [11 x 0.185] / 0.5 - 4
JThe reduction in benefits by a factor of 0.5 is an assumption

(i.e., the exact number has not been, and probably could not be,
calculated without broad uncertainty). However, if a different i
benefit reduction factor is preferred, it can be substituted in |

the above equation for the "0.5", and the new result calculated. |

For example, if one assumes that the benefits are only 25% as ;

great as the local stockpile option, the resulting C/B ratio is: j

C/B - [11 x 0.185) / 0.25 - 8. !

4. What are the downsides (side effects) of administering KI, alluded to on
Pg. 1 of the NUMARC letter?

.

Reply: The reference to side effects was in the " Discussion" portion of a
Federal Register Notice by the Food and Drug Administration (FDA) announcing
its conclusion that KI was safe and effective for use in a radiation |

|emergency. In that Notice, the FDA stated:

"The final recommendations noted that uncertainties still exist about
its use and side effects".

Side effects of KI use can include:

Intrathyroidal effects are iodine-induced thyrotoxicosis
(hyperthyroidism), and iodine-induced hypothyroidism.

Extrathyroidal effects are erythema nodosium, ioderma, urticaria, .

bullous eruptions, acne, dermitis herpetiformis, swelling of salivary !

glands, rhinitis, iodism, vasculitis, serum sickness, and anaphylactoid
reactions.

Staff conclusions regarding the frequency and seriousness of such side effects
are:

dose of 130 mg of KI at 1 x 10'pn adverse reaction rate to a dail., oral
"The most current data suggest

or less", and

"Among the few adverse reactions that have been reported, the reactions
are nEl life-threatening. In most cases, the reactions are self-
limiting or quickly abate with discontinued medication."

The attachment contains a discussion of the above-listed side effects and the
bases for the above conclusions [which were accepted by the staff and which
are quoted from our contractor's report, An Analysis of KI Prophylaxis for the
General Public in the Event of a Nuclear Accident, S. Cohen & Associates,;

3
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April,1992, Section 2.6, " Potential Adverse Reactions to Stable Iodine",
pages 2-20 through 2-25 (provided as an attachment to this enclosure).

However, in the only case in which KI was used on a massive scale -- after
Chernobyl -- the Poles reported negligible side effects among the 19 million
recipients of KI. This was reported in an article entitled "Inside
Prophylaxis in Poland After the Chernobyl Reactor Accident: Benefits and
Risks" in the May 1993 issue of The American Journal of Medicine.

5. Is the $1.70 per person (per year?) cost for distribution estimated by
staff, the cost of pre-distribution or the cost of distribution of
stockpiled KI at the time of the accident? How did staff arrive at this
figure?

ReDiv: The $1.70 per person per year is the cost of pre-distribution.
The costs are based on the experience of the state of Tennessee in which State

!
officials purchased and pre-distributed 3704 vials, each containing KI tablets j
for an entire household. Costs included a public relations program which ;
attempted to establish public confidence by presenting information regarding )
the objectives of iodide prophylaxis, safe storage, proper usage, dosage,
contraindications, etc. The total cost of the program was $125,000. Assuming
a five year KI shelf life and four individuals per household, cost per person
per year is:

$/ person-yr = $125,000 / [(3704 x 4) x (5)] - -$1.70

6. In developing the cost / benefit ratios, what assumptions are made
concerning cost per averted death or cost per averted thyroid problem?-

Reply: Costs per averted thyroid problem used in deriving the
cost / benefit ratios are:

|
Excluding Including ;

Thyroid Health Psychological Costs Psychological Costs |Effect (Thousands) (Thousands)

Adult Fetal Adult Fetal

Nodule $43 $70 $543 $570

Non-Fatal 59 80 559 580
,

Cancer
|

Fatal Cancer 661 32 1,161 532

Hypothyroid. 44 90 544 590

Chapter 5 and Appendix D of the Draft Report (An Analysis of KI Prophylaxis <

for the General Public in the Event of a Nuclear Accident, S. Cohen &
Associates, April, 1992) contain a complete discussion of these costs.

|
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i 7. Which of the three options in Question 3 are used by the countries that
presently intend to use KI?'

-

\

Reply: The Office of International Progrims has requested information on
potassium iodide from a number of countries. To date, information has been
received from Sweden, Switzerland and the United Kingdom. Responses from
additional countries will be provided to the Comission when they are

| received.

Sweden:

! The federal government has distributed potassium iodide pills to the
inhabitants in the Emergency Planning Zone (between 12 and 15 km) of each of
the four reactor sites in Sweden. In addition they have stockpiles of pills
at each reactor site and at a central repository.

| The government is actively reviewing their policy in this regard and are j

| considering additional pre-distribution. Some local governments have '

| requested distribution of the pills because of their proximity to foreign
reactors, such as Ignalina.

Switzerland:

' In Switzerland, potassium iodide pills are both pre-distributed and stockpiled
near reactor sites. The pills are pre-distributed to the local population in:

| Zone 1 (immediate area around the power plant) of the emergency plan. In
' addition, pills are stockpiled for distribution subsequent to an accident for

Zone 2 (comunity to approximately 20 km.). As a result the pills are widely
available. The potassium iodide program was a joint effort of the federal and

; local governments and the utilities.

United Kinadom

Generally, potassium iodide pills are not pre-distributed to the public in |
advance. However, the national guidelines for the use of potassium iodide do j

permit pre-distribution to isolated households or communities. '

The pills are stockpiled in the local comunity near nuclear facilities. The
stockpiling is the responsibility of the plant operator, although the local

| health authorities are responsible for having supplies at evacuation centers.
The actual distribution method is left to the discretion of the local
authorities and is specified in the emergency plan. The actual methods do
differ among comunities. >

!

I
!

1
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8. What is recommended /done by T. SEA, France, and Japan?

Ruly:

m
The IAEA has no policy or position on the use of KI. The IAEA referred the NRC |
to the World Health Organization (WHO).

World Health Oraanization

The Office of International Programs has requested, but not yet received,
information from WHO on its current policy or position with regard to the use
of KI. It should be noted that in 1991, WHO report EUR/ICF/CEH 102(s) 7711B |

recommended stockpiling of KI, and said that: " Stocks of iodine should be
stored strategically at plants including hospitals, schools, and fire and
police stations."

|France:

French safety policy is to use potassium iodide as a countermeasure in case of |
accidents at nuclear facilities. Generally, the pills are in ample supply and
widely distributed throughout the country. The pills are stockpiled at major
nuclear facilities and at a central repository. The pills are not distributed
to the public in advance. The decision to distribute the pills is made by tne I

operating organization for its personnel and by the local government
authorities for the public. Actual distribution is a local undertaking.

,

JaDan

Potassium iodide pills are stockpiled in the vicinity of nuclear power plants
,

but they are not pre-distributed to the public. The pills are stockpiled at !
health centers and emergency facilities in the local communities. The i

national government does not maintain a central stockpile. The use and
distribution of the pills are handled by the local government in accordance
with the facility emergency plan. Although the stockpiling and use of the
pills are local government functions, the federal government provides
financial support for these activities.

9. Given a brief release of iodine (e.g., < 6 hrs), how does the
effectiveness of administering KI change as a function of time of
administration relative to the time of release?

Reply: There is a complex temporal relationship between time of potassium
iodide (KI) administration and exposure to radioiodine from a passing plume.
KI prophylaxis or thyroid blockade is primarily achieved by introducing stable

| iodide into the circulating blood in sufficient quantity that " saturates" the
thyroid's iodide transport mechanism, which prevents subsequent uptake of

| (stable or radioactive) iodide from the circulating blood. The KI dose-
| response curve for inducing thyroid blockade reaches Dur maximal levels of

thyroid blockade (i.e., 95%) for doses of about 30 mg and asymptoticallyI

reaches a maximum level of 99% for doses greater than 50 mg. Critical to

6
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thyroid protection is that the KI level in the circulating blood is maintained ir
iat levels greater than 30 g in order to maximally block the thyroidal uptake

of radiciodide that may also be present in the circulating blood. Both stable
and radioactive iodide are continuously removed from the circulating blood
with a half-period of about six hours. Thus, for a 130 mg dose of KI, serum
levels of KI decline from 130 mg to about 30 mg over a period of 12 hours, and
exposure to radiciodine from a passing plume within this time frame of 0 to 12
hours post-KI administration is' reduced with near maximal efficiency of 99%.

When exposure to radiciodine precedes KI administration, the prophylactic
impact of KI is limited to the fraction of radiciodine that has not been
removed from the circulating blood. For example, if an individual were
exposed to a 11gg exposure of radiciodine at time zero, about one-half of the
ingested radiciodine will still be in the circulating blood six hours after

i intake. KI administered fully six hours after such a " point-in-time" exposure
| would block the remaining 50% of blood-born fraction with a 99% efficiency.
|

| Unlike a slug exposure, plume exposures are likely to have durations of hours.
For plume exposures, the efficacy of thyroid protection, when radiciodine'

exposure precedes KI administration, may be a combination of the above-cited
conditions. For example, if KI is administered two hours after plume arrival
and plume duration is six hours, thyroid protection is based on thyroid

; exposure / blockade that (1) precedes KI administration and (2) follows KI
| administration. The overall thyroid protection in this case is the time-

weighted sum of protection fer pre- and post-KI administration._ For the
above-stated condition, it is calculated that the KI administration two hours
after plume arrival (having a duration of six hours) can reduce thyroid
exposure by about 92%.

10. When stockpiled KI exceeds its shelf life, does it present a waste
disposal problem; if so, please discuss the issue (see pg. 6 of NUMARC
letter)'l

,

Emph: Both potassium and iodine in elemental or ionic form are
ubiquitous in the environment. Due to its solubility, iodide is readily
leached from soil by rain, which ultimately carries it to the world's oceans.

! From ocean waters, iodide evaporates and follows water vapor that constitutes
rain clouds which replenish the soil and complete the cycle. Iodide (as well
as potassium) is essential to good health for humans and animals, and the main
source is through food. 1he highest natural iodide content is found in sea
foods, which may reach concentrations as high as 800 pg per kg. Iodide is.

also contained in a variety of food supplements (e.g., iodized table salt,|

vitamins, . kelp tablets) and may be administered for pharmacological reasons
(e.g., as in cough syrup or expectorant).

From the above discussion, it is not expected that KI would pose significant
problems for disposal.

Furthermore, informal communications with several commercial waste
management / disposal services identified landfills designed for chemical wastes
as defined by current RCRA regulations as the most cost-effective type of

,

disposal site. Disposal costs (inclusive of shipping) involving 55-gallon3

i -
'

:
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drum containers are estimated at 5200 per drum container. Assuming the total i

of all KI stockpiles for all persons living within five miles of any nuclear |
,

J plant consists of 10 tablets of 130 mg KI for each of one million individuals, l

| the total quantity of 1.3 x 10 g or 1300 kg is roughly the equivalent of two
to three 55-gallon drum containers that would require disposal at five-yearI

intervals. Thus, the annualized disposal cost is estimated at $100 per year.

,

ANBEX, one of two vendors licensed by the FDA, has stated a willingness to
| assume responsibility for the disposal / disposal costs associated with KI.

.

An alternative to the disposal of KI (assuming that disposal is even necessary
| - see response to Question #12) is the potential for recycling KI for

alternative uses. Potential alternative uses for " recycled" KI include its |I

use in photographic emulsions, analytical laboratories, animal feeds, etc. I

11. How do you relate the Tennessee experience (Ref. 7 to SECY-93-318
" Summary of Assumptions Made by and Results of the Potassium Iodide
Stockpiling Cost-Benefit Ratio Reanalysis") in the pre-distribution |

program to the potential effectiveness of any proposed pre-distribution
.

program (relates to cost / benefit ratio calculated for question no. 3, I

scenario (a))? ;

Repiv: The Tennessee experience provided the bases for all of our )
assumptions in the analyses of the predistribution option, both regarding cost I

i (see response to Question 5) and regarding effectiveness. It was assumed that
'

| 70% of the population has access to predistributed KI, and it was assumed that i

all individuals who have access to their predistributed KI take it before !
plume arrival, so that the achieved overall dose reduction factor, among that
70% of the population, is 99%.

These assumptions are also used in the enclosed responses to the Chairman's
questions (page 9, Enclosure 1).

I12. Does staff agree with the estimated shelf life (3 years) of KI in Ref. 7
to SECY-93-318 (" Summary of Assumptions Made by and Results of the
Potassium Iodide Stockpiling Cost-Benefit Ratio Reanalysis")?

|

' Reolv: No, the currently accepted shelf life is 5 years, which was ;
'assumed in all of our analyses.

,

! Carter-Wallace, one of two FDA-approved suppliers of KI tablets, has
periodically tested KI for residual pharmrcological potency. Based on test
data supplied by Carter-Wallace Laboratory, the FDA's Metabolism Division has

| verified a minimum shelf-life of 5 years for KI tablets supplied in vials
! (Carter Wallace) or in blister packs (ANBEX) (informal communication, Feb. 24,
| 1994, with Solomon Sobel, M.D., Division of Metabolism (301-443-3490).

At this time, however, it is uncertain why, under proper storage conditions,
this stable metal-salt would not be expected to have a shelf-life that extends
to decades and would, therefore, never require disposal for the operating life
of nuclear power plants.

8
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ATTACHMENT |

(to Enclosure 3)

i
.

I

i i

|

!

,

|

!
!

|

l

2.6 PotenM Adverse Rear +hw to Stable Iodide -

Iodine is a ubiquitous but variable constituent in the environment. Due to its
solubility, iodide is readily leached out of soil by rain which ultimately carries it to the
world's oceans. From ocean waters, iodide evapxates to the atmosphere where it is
concentrated in rain which replenishes the soil (Koutras 1980). Iodide is essential to good
health, and the main source for humans is through food. The highest naturaliodine content
is found in sea foods which may reach concentrations as high as 800 pg iodine per kg.

,

2-20
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; Other dietary sources ofiodide are eggs, meat, milk, and cereals. Additionally, many foods
'

are artificially enhanced in the United States. by additives such as iodized salt. It is
estimated that the daily intake ofiodide for adults in the United States ranges between 125

;

pg to 700 pg (Oddie 1970; Rubery 1988). i

l ii

. Dietary lodide levels play a key role in potential adverse reaction incidence rates. !
When dietary levels are high, adverse reactions are assumed to be at their lowest rate. !

Epidemiological and metabolic studies support a minimum daily adult requirement of 100
pg; endemic goiter is usually not found when the dietary intake ofiodine is above 100 pg i

per day (Stanbury 1980). However, the American Thyroid Association (ATA) has stated
that:

!

". . . [while) many anecdotal reports ofisolated reactions to iodides have been
published, reliable incidence data do not exist. It is reasonable to assume that
obvious iodide reactions are rare in the United States where the diet is high |

in iodine content. . . When reactions do occur, they may be intrathyroidal or
extrathyroidal"(Becker 1984)

In instances of dietary de6ciency, the synthesis of thyroid hormones is restricted and
I

the serum concentration of T is low. This stimulates the thyroid pituitary feedback
!

4

mechanism with increased synthesis and secretion of TSH. Elevated serum levels of TSH
increase thyroid metabolism ofiodide as well as the growth of the thyroid which under

;

prolonged conditions ofiodide de5ciency becomes soitrous.
1

Stable iodide prophylaxis is based on the prompt asiministration of relatively large |
amounts of stable potassium iodide (Le.,130 mg per day) over a period of a few days to a J

potentially exposed population. This transient increased intake of lodide may produce
j

detrimental changes in iodide metabolism, thyroid fn=%. and immune reactions among i

subjects with low dietary iodide intakes. Also at risk for advene reactbas are individuals
with existing thyroid disorders and pathologies. Iastly, the fetal thystid 9. a;~ dally at risk
from pharmacological levels of iodide. Table 2-2 identi5es the r__ f c on adverse
reactions known to be ===aciated with iodide. Advene reactions to iodide may be
categorized as intrathyroidal and extrathyroidat

!

2-21
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Table 2-2 !

Adverse Reactions to Iodide

Intrathyroidal Effects - Excess or insufficient production of thyroid hormones.

Iodide-induced thyrotoxicosis (hyperthyroidism)*

Ilodide-induced hypothyroidisme

Extrathyroidal Effects - eon-thyroid related nactions and hypersensitivity
reactions.

Erythema nodosium; ioderms; urticaria; bullous eruptions;o
,

acne; dermitis herpetiformis; etc.

Swelling of salivary glands, rhinitis, iodism*

o Vasculitis; serum sickness; anaphylactoid reactions

2.6.1 Intrathyroidal Adverse Reactions

Individuals with normal thyroid function are as at risk for intrathyroiddl effects
leading to conditions of hyperthyrnidiam (thyrotoxicosis) and hypothyrnidimm.
Hyperthyroidism, when induced by exogenous administration of iodide, is termed "Jod-
Basedow" phenomenon and involves an overproduction of thyroid hormone. ' Ibis
phenomenon is mmman to individuah whose thyroid is no longer under the agulatory
control of the pituitary gland's secution of TSH. The underlying pathologies for
autonomously funhia thyroids wen previously dimw and include thyroid
nodules / cancer, and Graves Disease (Alexander 1965; Vagenakis 1972; Tunbridge'1977).

Iodine supplementation has sko been rem ==lW to increase the inddence of
hyperthyroidism among individuah in previously iodine <1eficient amas following the
introduction ofiodized salt. ' Ibis Jod-Basedow phenomenon in previously lodidewieficient '

areas is thought also to involve individuah with autonomously n=n'=l= thyroids.
Apparently, the thyroid in these individuals was functioning autonomously at a hyperactive
level before supplemental administration of lodide, but was unable to manifest
hyperthyroidism owing to the limitation of hormone synthesis imposed by the low dietary
intake (Connolly 197&, Fradkin 1983).

2-22
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For select individuals, the administration of iodide may have the reverse effect of-

induced hypothymidism. The antithyroid action of acute iodide overload resulting in a state
of hypothyroidism is well documented (Wolff 1969; Nagataki 1974). In normal subjects, an&

iodide overload causes a transient block of iodide organification (i.e., thyroid hormone
synthesis) known as the "Wolff-Chaikoff effect" (Wolff 1980; 1969). Even with continued
administration and elevated serum levels of iodide, healthy subjects escape from this
transient and subclinical hypothyroid state within hours and resume normal thyroid hormone
production. In some individuals, the induction of the Wolff-Chaikoff effect by exogenous4

iodide is not followed by a prompt escape of its inhibitory effect ofiodide organification,
so that a state of prolonged hypothyroidism and possible goiter develops. Continuing and
unrelieved Wolff-Chaikoff thyroid suppression is seen among individuals with Hashimoto's
thyroiditis, Graves' Disease, and after surgical thyroidectomy or I-131 treatments (Wolff4

1969; Braverman 1971).
.

| *

j Sub-Pooulatiane i tiralv to Manifest Intrathvrnid=1 Effects from KI Proohylavie Itis
| well established that Hanhimato's thyroiditis, Graves' Disease, and idiopathic myxedema are

organ-specific autoimmune disorders of the thymid. These and other autoimmune disorders
probably develop because of the consequences of an abnonnal function or reaction of the
immune system that is genetically predisposed. The comcept that excess iodine might
indirectly influence thyroid function by triggering thyroid suoimmune reactions is based on
clinhal studies that suggest an ===aciation between increased consumption of dietary iodine,

; and autoimmune thyroid disorders. Studies have shown a greatly reduced incidence rate of- )
: lymphocytic infiltration of thyroid tissue, Hashimoto's thyroiditis, and Graves' Disease in '

iodine <leficient and goiter <ndemic areas when compared to areas of iodine sufficiency
(Bouki 1983; Hall 1996; McGregor 1985). Although the precise mechanisms responsible for
the initiation of autoimmune phenomena against the thymid gland in genetically prddisposed,

'

individuals are highly speculative, there is evidence that iodine can play a role in the
initiation and expression of these autnimmune thymid disorders.

'Ihe quantity ofexogenous iodide capable ofindudag thyroid suppression is not easilyi

defined since it will depend on external factors, such as dietary intak'e of iodide, and the
,

inter-relationship ofinternal factors such as the intra-glandular pool ofiodkie, the efficiency
;

of the autoregulatory mechanism which protects against thyroid overloading, and the
underlying thyroid disorder. The American Thyroid Association esthnates that daily doses>

of between 50 to 500 mg oflodide may induce prataaaad hypothyroidism among these
prediepa=d individuals (Becker 1984).'

:

A second susceptible target population which may be regarded as normal / healthy
includes fetuses in the second and third trimester. The partially developed fetal thyroid
during this time has the ability to concentrate iodide, but does not yet possess the
autoregulatory mechanism needed to escape the Wolff-Chaikoff effect (T vige 1985;
Sherwin 1982).

.

N
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Chronic consumption ofiodide-containing medications such as cough medicine and
'

antiasthmatic drugs has been shown to induce fetal hypothyroidism and fetal goiter (Walfish
'

1983; Mehta 1983). Fetal and neonataliodine overload has also been observed followingd

i the use of iodinated x-ray matrast media during pregnancy (Rodesh 1976) and the
] cutaneous application ofiodinated skin disinfectants (Povidone-iodine) at time of delivery
; (Chanoine 1986). The concentrations of maternal iodide required to induce a fetal Wolff- :
j Chaikoff effect have not been properly quantiSed but are thought to be relatively high |

(Delange 1988). l
4

4

1
j 2.6.2 Extrathyroidal Advene Reactions !
!

Numerous non-thyroidal effects have been linked to pharmacological use ofiodide. !
; Penons potentially at risk for non-thyroidal adverse reactions are individuals with a known
i sensitivity to iodide. A particularly sensitive target population comprises individuals with
i hypocomplementemic vasculitis (Curd 1979). The most mmmon reactions involve swelling

,

!
i

of the salivary glands (sialademitis or iodide mumps), a host of skin reactions (erythema
;; nodosum, loderms with necrotic skin lesions, urticaria, bullous eruptions, acne-form skin '

! eruptions, etc.), iodide fever, rhinitis, and ladism (Becker 1987; Rubery 1988; Yalow 1983).
j These reactions are generally observed with large doses ofiodide, are self-limiting, and are
i readily reversed by cessation of drug use. Rare, but of greater significance, are certain
; hypersensitive or allergic reactions which produce symptoms such as fever, pains in joints,
j edema of the face and glottis, angiltis, vasculitis, and anaphylactoid /anaphylaxis reactions.
i

2.6.3 Adverse Reaction Incidence Rates

t

; Potential adverse reactions to iodide when taken orally in daily doses of 130 mg can
be assumed to be very few for the general United States population. This assumption is

i based on the extrapolation of data reported to the Food and Drug AhEL . tion (FDA).i

The FDA's Division of Epidemiology and Survellinw maintains a computerized data base )
i of adverse drug nactions known as the Advene Reaction Reporting System (ARRS).
1

| The primary purpose of the ARRS is to serve as an early warning system for adverse
reactions to dmss subject to FDA regulations. Approximately 90% of adverse reaction,

; reports received .by the FDA are submitted by drug manufacturers who by law must report
all adverse events that become known to them. The remaining 10% of reports aree

submitted directly by health care prothale in response to ==p-*ad adverse reactions
among their patients.

An estimate of the potential adverse reaction incidence rate to iodide is best derived
from data involving cough syrups and expectorants. Potassium iodide is a major ingredient
in these oral medications and results in average daily doses of several hundred milligrams
of KI. Among the few advene reactions that have been reported, the reactions are a91 life-
threatening. In most instances, the reactions are self-limiting or quickly abate with
dismntinued medication.
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A second major class of pharmaceuticals for which adverse reactions have been .
-

'

reported is iodmated x ray contrast media. The high attenuation of diagnostic x-rays by'

organified iodine is the basis for its use in routine medical procedures. However,
t

exptrapolation of an adverse reaction incidence rate from iodmated contrast data is subject -

to numerous uncertainties. j

Appendix C of this report contains summary data of adverse reactions to iodide
which have been nported to the FDA. Also included are basic assumptions and

,

quantitative methods used to derive a best estimate of the adverse reaction incidence rate.

s

The most current data suggest an adverse reaction incidence rate to a daily
oral dose of 130 mg of KI at 1 x 10' or less.
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April 1,1994
.

H.W. Woods, P.E.
U.S. Nuclear Regularxy ranininaian
Washington,DC 20355

Dear Dr. Woods:

On December 7,1993, the Nacicar Managsment and Resources mmel -e
aminnan Selin =*i-d. " Review of Fodend /-

(NUMARC) e =h4 awhite paper to
Policy on Use of Po == sun Iodide."r

The paper i=A~ lad a quote from Dr. David Becker's paper, "Rasctor !
L 2

!

Public Health Strategies and Their Medical hnplie= dane" from the August 7,1987

Journalof the AmericanMediemi Association.

The white paper h-M= -i Dr. Becker as Mainnen of the Amerieen Thyroid
It has been brought to my =tt =tian that Dr. Becker is not theamirman, andA **^ciatian It

the views expressed by Dr. Becker are not those of the American Thyroid An=aaladaa
was not our intent to mi-W the Amarican Thyroid A==adarian

Dming the course of our review ofpotassima iodido litaruture, we ====i==i the
|

-

report med by S. cahem & A==aainta far the U.S. Nuclear Regulatory r==ni-ian,
"A:: Anat:ds of Potassium Iodide (KI) Prophylaxis for the Geneal Public in the Event of
a Nuclear AMd" issued April,1992. Page XI of the report acknowledges experts who
were solicited in writing the report. It was from this soport that we understood that Dr.
Backsrwas hainn== of the Anuriamn Thyroid A=aaai= dan Basedonourcanentc
knowledge this is incorrect and should be noted w&gy.

Sincerely,

.

AlanN
i SeniorPrcsectManager
|

j c: Dr. David Becker

i

;

}

irro a staatt. ww suitt 400 w'5"aoton, oc sooo aroe *aout son rouooo **x 202.78 >.4on
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| MEMORANDUM TO: James M. Taylor
i Execut e Dir c'or for Operations i

Y
.

h'oy(e, Assistant Secretary |t

| FROM: John C,.

SUBJECT: SECY 4-087 - ADDENDUM TO SECY-93-318
! RE-EVALUATION OF POLICY REGARDING USE OF

POTASSIUM IODIDE AFTER A SEVERE ACCIDENT AT A
'

NUCLEAR POWER PLANT I
,

'

and,

SECY-93-318 - RE-EVALUATION OF POLICY
REGARDING USE OF POTASSIUM IODIDE AFTER A I,

1

SEVERE ACCIDENT AT A NUCLEAR POWER PLANT
|

| The Commission has considered this issue at length. All
| Commissioners agree that 1) the circumstances in the U.S. which
|_ would call for the availability of potassium iodide (KI) are very
| remote; and 2) the costs of stockpiling a supply of KI for all '
'

people who live within a five mile radius of a U.S. nuclear power
plant are relatively low.

i

Current Federal policy, which "does not recommend requiring lpredistribution or stockpiling for the general public," neither '

encourages nor discourages State and local authorities choosing i

to make KI available. The Commission continues to agree with the
statement in SECY-85-167 that."a nationwide requirement for the
predistribution or stockpiling for use by the general public
would not be worthwhile." However, while the Commission does not
believe thrt the stockpiling of KI near U.S. nuclear power plantsa

is neceanry to protect the public health and safety, it would
! not object if FEMA, State or local authorities wish to develop!= and support a KI program. Commissioner Rogers believes that, in

order for FEMA, State or local authorities to have a viable
option for a KI program, it would be prudent for the U.S.,

government to assure the availability of a supply of KI.

SECY NOTE: THIS SRM, SECY-94-087, SECY-93-318, AND THE VOTE
SHEETS OF ALL COMMISSIONERS WILL BE MADE PUBLICLY
AVAILABLE 10 WORKING DAYS FROM THE DATE OF THIS

; SRM.
:

!
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i

In the absence of a clear-cut regulatory justification and
I because the commission was unable to agree to change the policy,

the current Federal policy on the use of KI remains in effect.

|
l
,

cc: The Chairman
Commissioner Rogers
Commissioner Remick
Commissioner de Planque
OGC
OCA
OIG
Office Directors, Regions, ACRS, ACNW, ASLBP (via E-Mail)
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UNITED STATES/"~S' -

! ..( %,'i NUCLEAR REGUI.ATORY COMMISSION'

i
~ Office of Public Affairs-

N .,7,. / Washington, D.C. 20555

FOR IN4EDIATE RELEASE
No. 94-78 (Friday, May 13,1994)
Tel. 301-504-2240

'

!

NRC WILL NOT RECOMMEND A CHANGE IN FEDERAL POLICY;
REGARDING STOCKPILING OF POTASSIUM IODIDE!

After an extensive reassessment, the Nuclear Regulatory Comission will
f not be recomending a change in Federal policy on distribution of potassium

iodide near nuclear power plants. Current Federal policy, which was|
'

formulated in 1985 by an umbrella group of about 15 Federal agencies,
recommends the stockpiling or distribution of potassium iodide during
emergencies for persons who are assisting with emergency actions and
institutionalized persons, but does not recomend predistribution or
stockpiling for the general public.

If taken imediately before or at the time of exposure resulting from ai

serious nuclear accident, potassium iodide can be an effective means of
blocking the uptake of radioactive iodine by the human thyroid. However, any,

significant release of radioactive material would also include radioactive|

elements other than iodine for which potassium iodide would not provide
protection.

The NRC believes that in the event of a serious accident, evacuation isI But the Comeission said it would not object if theby far the best response.
Federal Emergency Management Agency, the states or local authorities wish to
develop and support a potassium todide program. Two states currently maintain,

!
! potassium iodide stockpiles.

All four Comissioners agreed that the circumstances which would call
for the availability of potassium iodide afd "very remote," and that the cost

,

of purchasing a KI stockpile for all those living within a five-mile radius of
nuclear power plants is relatively low.I

In the absence of a clear-cut regulatory justification, however, the
Comissioners did not agree among themselves to recommend a change to existing!

j Thus that policy, which neither encourages nor discouragesFederal policy.
state or local governments choosing to stockpile the drug for the use of the|

( Commissioner Kenneth C. Rogers said thatgeneral public, remains in effect. ^

in his view, for the use of potassium iodide by state or local governments to
be a viable option, it would be "r : dent" for the U.S. government to assure,-

j the availability of a supply of tw drug.
0

:
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'% / May 13. 1994 EDO R/F.-

ED07992* * " *
Beckjord,REScwa " '"

| Roy Woods RES
Russel1, NRR \

'

'

\ Jordan, AE0D
The Honorable Joseph I. Lieberman, Chairman Cyr, OGC
Subcommittee on Clean Air and Nuclear Regulation,

;
!

Committee on Environment and Public Works j

! United States Senate
Washington, D.C. 20510

Dear Mr. Chairman:
i

On behalf of the Comission, I am resronding to your April 20, 1994 letter
| which urged the Commission to revise its current policy regarding the

availability of potassium iodide (K!) in the event of an emergency at a
Current Federal policy, which was formulated in 1985 bynuclear power plant.

an umbrella group of about 15 Federal agencies, recomends the stockpiling or i

I

distribution of KI during emergencies for emergency workers and institutional- |
ized persons but does not recommend requiring predistribution or stockpiling |

The Commission has considered this issue carefullyfor the general public.
and at great length, including all of the factors and details mentioned in
your letter.

i
The Commission believes that the circumstances which would call for theWe also recognize, as !
availability of potassium iodide (KI) are very remote.i

| you observed, that the costs of stockpiling a supply of KI for all people who
( live within a five mile radius of a nuclear power plant are relatively low.'

However, the Commission does not believe that the stockpiling of KI is
necessary to protect the public health and safety, and in the absence of a<

clear-cut regulatory justification, the Commission has been unable to agree to
recommend a change to the current Federal policy.

While the current policy does not recommend reauirina predistribution or
stockpiling for the general public, it neither encourages nor discouragesTherefore StateState and local authorities choosing to make KI available.
and local officials may make their own decisions based on local conditions and

| As you noted, some states have plans to distribute, or havepreferences.
distributed, KI to people living near power plants within those states.|

|
13, 1994 press release

| For your information, I an enclosing a copy of the MayThe Commission appreciates your interest
that the NRC issued on this matter.!

in the use of KI.
Sincerely,

Ivan Selin g
9 O

,
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: Enclosure:

As stated
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CHAIRMAN

|

The Honorable Alan K. Simpson *

Ranking Minority Member ;

Subcomittee on Clean Air and Nuclear Regulation [
Comittee on Environment and Public Works

,

United States Senate
Washington, D.C. 20510

Dear Senator Simpson:
5

On behalf of the Comission, I am responding to your April 20, 1994 letter
which urged the Comission to revise its current policy regarding the

,

I
availability of potassium iodide (KI) in the event of an emergency at a

Current Federal policy, which was formulated in 1985 by :

nuclear power plant. |an umbrella group of about 15 Federal agencies, recommends the stockpiling or |
distribution of KI during emergencies for emergency workers and institutional- I

ized persons but does not recommend requiring predistribution or stockpiling I
The Commission has considered this issue carefullyfor the general public.

and at great length, including all of the factors and details mentioned in
your letter. |

The Comission believes that the circumstances which would call for the
r

We also recognize, asavailability of potassium iodide (KI) are very remote.
you observed, that the costs of stockpiling a supply of KI for all people who
live within a five mile radius of a nuclear power plant are relatively low.
However, the Commission does not believe that the stockpiling of KI is
necessary to protect the public health and safety, and in the absence of a
clear-cut regulatory justification, the Commission has been unable to agree te
recomend a change to the current Federal policy.

While the current policy does not recommend reauirina predistribution or
stockpiling for the general' public, it neither encourages nor discouragesTherefore StateState and local authorities choosing to make KI available.
and local officials may make their own decisions based on local conditions and j

,

As you noted, some states have plans to distribute, or havepreferences.
distributed, KI to people living near power plants within those states.

13, 1994 press release
For your information, I an enclosing a copy of the MayThe Comission appreciates your interest
that the NRC issued on this matter.
in the use of KI.

Sincerely,

Ivan Selin .

Enclosure:

9 p rs/C MAs stated
S' y9

-



- _ . _ _ _ _ _ _ _ . _ _ . .__ _ _ _ _ _ . _-- _ __ _ _ _ -

6 ,

4 '; -!

@*%q.

k UNITED STATESg
NUCLEAR REGULATORY COMMISSION

)* ! WASHINGTON, C,C. 30006 4 001

August 3, 1994

.....

MEMORANDUM FOR: Peter G. Crane
Office of the General Counsel

FROM: Hugh L. Thompson, Jr.
Deputy Executive Director for

Nuclear Materials Safety, Safeguards,
and Operations Support

SUBJECT: DIFFERING PROFESSIONAL OPINION (DPO) - NRC POSITION
ON POTASSIUM IODIDE (KI)

Pursuant to NRC Directive 10.159, I am providing you with the Commission's
decision regarding your DP0 and the rationale for the decision.

In your June 16,1989 DPO, you suggested the stockpiling of potassium iodide
as a radioprotective agent for the general public for possible emergencies. ,

Further, your DP0 suggested that deficiencies existed in the original cost- 1

benefit analysis (NUREG/CR-1433) provided to the Federal Radiological j

Preparedness Coordinating Committee (FRPCC) by the NRC. Your DP0 also
'

suggested that the original cost-benefit analysis, by balancing the dollar
costs of a potassium iodide program against the dollar costs of treating
radiation-caused thyroid illness, gave inadequate consideration to the non-
monetary costs of having an illness. Finally, your DP0 suggested that
discussion by the staff at a November 1983 Commission briefing on potassium
iodide could have left the Commissioners and members of the public with an
insufficient understanding of the nature of the adverse consequences (thyroid
disease) that the use of potassium iodide could avert.

As part of the effort to resolve your DPO, the staff sponsored a reanalysis of
the costs and benefits of stockpiling potassium iodide for use by the general
public. The reanalysis concluded that although the costs of a KI program
still outweighed the benefits by about the same ratio as. calculated in the
earlier 1980 study, the uncertainty in the underlying assumptions (e.g.,
projected frequency of major releases) is such that it may be cost-beneficial
to stockpile KI for close-in populations.

As a result of the preceding effort, the EDO identified three options for
Commission consideration in SECY 93-318, which focused on whether the federal
government should be more proactive with regard to stockpiling KI: (1) make no
change in existing NRC policy that holds that state and local governments
should consider stockpiling potassium iodide for use by emergency workers and
institutionalized persons but not for the general public; (2) await a response
from the appropriats interagency group which reconmiends federal policy in this
area to comment on or endorse any proposed guidance before changing the
current NRC policy; or, (3) adopt a change in NRC policy which would encourage
the federal emergency planning authorities to acquire potassium iodide
reserves that could be made available during a nuclear emergency.

f N
i
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! Peter G. Crane -2- August 3, 1994

After the issuance of the paper, the staff considered the matter further, and
,

; engaged in preliminary dialogue with FEMA and HHS, who along with the NRC, are !

| the federal agencies responsible for prouding guidance to State and local
| governments concerning emergency planning, the use of radioprotective

substances, and the prophylactic use of drugs in response to a radiological
| accident at a nuclear power plant.

The staff concluded that it appeared prudent to stockpile KI for limited I
populations located close to the operating nuclear power plants. In SECY-94-
087, the staff recommended a fourth option, which represented an interoffice

| consensus, for Commission consideration: (4) NRC, in coordination with HHS and
FEMA, revise current federal KI policy to make KI available to the States.
The paper stated that:

" ...The revised policy would state that KI will be purchased by
the federal government (most likely the NRC or FEMA) and made

I available through FEMA to the States. While NRC encourages the
stockpiling of KI, the decision to stockpile, distribute and use

iKI would be the responsibility of the individual States' emergency
Iplanning authorities. At the cption of the States, procedures |

| incorporating the use of KI in States' emergency plans would be '

developed with the assistance of FEMA..."'

The Commission considered the issue at length and was divided in its vote on
i this matter. In a SRM dated May 6, 1994, the Commission concluded that:
|

" Current Federal policy, which does not recommend requiring
! predistribution or stockpiling for the general public, neither
'

encourages nor discourages State and local authorities choosing
' to make KI available. The Commission continues to agree with
! the statement in SECY-85-167 that a nationwide requirement

for the predistribution or stockpiling for use by the general
public would not be worthwhile. However, while the Commission
does not believe that the stockpiling of KI near U.S. nuclear
power plants is necessary to protect the public health and
safety, it would not object if FEMA, State or local authorities
wish to develop and support a KI program...In the absence of a

| clear-cut regulatory justification and because the Commission was
| unable to agree to change the policy, the current Federal policy

on t,he use of KI remains in effect."

Pursuant to NRC Directive 10.159, this matter is considered closed and will
not be considered further absent significant new information.

i-
!
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Peter G. Crane -3- August 3, 1994

|

I appreciate your diligence in pursuing this issue as it served to focus our
attention on an important national poliev.

.

1

.

H gh L. Thompson Jr.
D y Executiv Director for

Nuclear Materials Safety, Safeguards,
j and Operations Support
| \

cc: J. Taylor

|
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<

MEMORANDUM FOR: Hugh L. Thompson, Jr. |
"

Deputy Executive Director for Nuclear i

Materials safety, Safeguards, and
Operations Support

!FROM: Peter G. Crane / -

Counsel for Speci 1 Projects
;

SUBJECT: POTASSIUM IODIDE (KI): NRC'S DISPOSITION OF MY ;

DIFFERING PROFESSIONAL OPINION OF JUNE 9, 1989

Thank you for your memorandum of August 3, 1994, stating for the record
the agency's disposition of my Differing Professional Opinion of June 9, 1989.
Although I regret that the Commission deadlocked on the issue, 2-2, with the '

result that the existing policy was not changed, I take great satisfaction
from the fact that the NRC Staff reached the same bottom line I did: that
potassium iodide is cheap and effective in preventing radiation-caused thyroid
disease; that it is stockpiled virtually everywhere in the developed world
except the United States; that its stockpiling is backed by national and
international health organizations; and that stockpiling it is the reasonable
and prudent thing to do.

,

The Staff proposal, which failed because of the tie vote, provided:
"NRC, in coordination with EHS and FEMA, revise current federal KI colicy to
make KI available to the States. It appears crudent to stoekoile KI for...

limited populations located close to the operating nuclear power plants. ..

The revised policy would state that KI will be ourchased by the federal<

covernment (most likely the NRC or FEMA) and made available through FEMA to
the States. While NRC encouraces the stockvilina of KI. the decision tp
stockpile, distribute and use KI would be the resoonsibility of the individual >

States' emergency planning authorities." (Emphasis added.)

A comparison of the DPO and the Staff proposal makes clear that all the
substantive tenets of the DPO were accepted by the Staff. I argued that the
cost-benefit analysis performed in the 1980's was flawed (Staff agreed); that
a reasonable cost-benefit analysis had to take into account the fact that
illness entailed costs going well beyond doctor's bills (Staff agreed); that
in any case, cost-benefit analysis was not necessarily the last word when i

deciding on public health measures for the prevention of disease (Staff |

agreed); that Chernobyl, the World Health Organization, the American Thyroid i
Assoc $ation, and the example of the rest of the developed world all argued in

,

favor of stockpiling (Staff agreed); and that from a common sense prudence '

|standpoint, stockpiling was cheap, effective, and made sense (Staff agreed).

! don't want to leave the impression that the Staff's position and mine !

were indistinguishable. For example, the Staff's position was that the i

stockpiling of KI, though a prudent thing to do, was not cost-effective, based !

on its assumption that with 100 reactors operating, a severe accident with a
significant release of radioactivity offsite is expected to occur on the
average only once every 2.300 years -- that is, a period equivalent to the |

time elapsed since the reign of Alexander the Great. (On a per-reactor basis, !
that is once every 230,000 years of operation.) I lack confidence -- after j

Windscale, Three Mile Island (a very near miss), and Chernobyl -- that any I

nation could operate 100 reactors for that period of time with only one severe I
accident causing a significant offsite release of radioactivity. But if I am j

,

/- |
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wrong, and that estimate is valid, then there appears to be no justification
for requiring any offsite emergency planning whatsoever.

In the main, however, I think my DPO was fully successful at the Staff
level. One aspect of the DPO was ne_ther endorsed or rejected, but only
because it was never explicitly dealt with -- i.e., the assertion that in
1983, some staff members gave the Commission and the public erroneous
information, in which the consequences of radiation-caused thyroid illness
were seriously understated -- but the more recent staff and contractor
analyses, which make clear that radiation-caused thyroid illness is far from
trivial, have implicitly backed the DPO on that point.

I was thus gratified by the Staff's position, and also by the cogent
letter from Senators Lieberman and Simpson, dated April 20, 1994. So far, I
have not seen anyone even try to refute their many forceful arguments in favor
of stockpiling KI.

Finally, your memorandum cites NRC Directive 10.159 in stating that
"this matter is considered closed and will not be considered further absent
significant new information." I believe that the cited section of the NRC
Manual, which seems designed to prevent someone whose DPO has been denied from |
immediately resubmitting it, contemplated a final Commission decision on the '

merits of a DPO, not an inability to decide, as in the present case. It must
be read in context of the NRC's procedures for dealing with tie votes, where
it says: "If the Commission is unable to reach a decision on an issue (i.e.,
through a 2-2 split vote), the Secretary will advise the staff that the
proposed action is not approved. The staff may resubmit the issue for
Commission consideration when the reason for the inability to reach a decision
has been rectified, (i.e. when additional Commissioners are acoointed, or
when new or additional information is provided to the Commission)." (Internal
Commission Procedures, p. III-9, emphasis added.) My own view, which could be
checked with the General Counsel, is that Commission procedures on tie votes
would take precedence over the cited portion of the Manual, and that there is
nothing to prevent the Staff from resubmitting the issue to the Commission

.
when current vacancies have been filled.

1

I believe that the Staff has reason to be proud of what it has done in
this case. I am confident that in time, its recommendation will be adopted as
national policy. I hope that the Staff will use the avenues provided in the
Commission's procedures to assure that, once the Commission again has a full
complement of Commissioners, there can be a definitive resolution of this

'

public health and safety issue, on which the NRC Staff has spent so much time
and thought over the course of five years.

cc: Chairman Selin
Commissioner Rogers I

Commissioner de Planque
The General Counsel

a
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