
GMA Group of Medical Advisers
INFO 0537
(GMA 09)

GCM Groupe des conseillers médicaux
CA9600007

Secretariat, Group of Medical Advisers, Atomic Energy Control Board, P.O. Box 1046, Ottawa, Canada Kl P 559

Secrétariat, Groupe des conseillers médicaux, Commission de contrôle de l'énergie atomique, C.P. 1046, Ottawa, Canada Kl P 5S9

VOL



GMA REPORTS RAPPORTS DU GCM

Since the 1950's, the Atomic Energy Control Board (AECB) has
made use of advisory committees of independent experts to assist
it in its decision-making process. In 1979, the Board restructured
the organization of these consultative groups, resulting in the
creation of two senior-level scientific committees, the Advisory
Committee on Radiological Protection (ACRP), and the Advisory
Committee on Nuclear Safety (ACNS). A third body of advisers,
known as the Group of Medical Advisers (GMA), is composed of
medical practitioners licensed under the laws of the province in
which regulated nuclear activities are situated. Medical Advisors
are nominated by the appropriate department or agency and
appointed by the Board pursuant to the Atomic Energy Control
Regulations. They make recommendations to the Board respecting,
inter alia, the medical examination of atomic radiation workers,
medical surveillance required as a result of ovcrcxposurcs, and
medical aspects of emergency plans.

From time to time the GMA issues reports which are normally
published by the AECB and catalogued within the AECB's public
document system. These reports, bound with a distinctive cover,
carry both a group-designated reference number, e.g. GMA-1, and
an AECB reference number in the "INFO" series. The reports
generally fall into two broad categories: (i) recommendations to
the AECB on a particular medical topic, and (ii) background
studies. Unless specifically stated otherwise, publication by the
AECB of a report prepared by the Group of Medical Advisers
does not imply endorsement by the Board of the content, nor
acceptance of any recommendations made therein.

Depuis les années cinquante, la Commission de contrôle de
l'énergie atomique (CCEA) fait appel à des comités consultatifs
composés d'experts indépendants pour l'aider dans ses prises de
décisions. En 1979, la CCEA a restructuré l'organisation de ces
groupes de consultation pour former deux comités scientifiques
supérieurs, le Comité consultatif de la radioprotection (CCUP) et
le Comité consultatif de la sûreté nucléaire (CCSN). Un troisième
groupe, le Groupe des conseillers médicaux (GCM), est formé de
médecins agréés pour la pratique de la médecine en vertu des lois
de la province dans laquelle se tiennent des activités nucléaires
réglementées. Le ministère ou l'organisme compétents proposent
le nom de conseillers médicaux qui sont ensuite nommés par la
CCEA en vertu du Règlement sur le contrôle de l'énergie atomique.
Ces conseillers font des recommandations à la CCEA concernant,
entre autres, l'examen médical des travailleurs sous
rayonnements, la surveillance médicale nécessaire en cas de
surexposition et les aspects médicaux des plans d'urgence.

Le GCM rédige à l'occasion des rapports qui sont normalement
publiés par la CCEA et catalogues dans sa collection des
documents publics. Ces rapports se présentent sous une
couverture distincte et portent un numéro de référence propre au
comité (GCM-1, par exemple), ainsi qu'un numéro de référence de
la CCEA dans la série «INFO». Ils se divisent habituellement en
deux catégories générales : i) les recommandations présentées à la
CCEA au sujet d'une question médicale particulière; ii) les études
générales. À moins d'indication contraire, la publication par la
CCEA d'un rapport du Groupe des conseillers médicaux ne
signifie pas qu'elle en approuve le contenu, ni qu'elle en accepte
les recommandations.
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ABSTRACT

Among the fission products that may be released in a power reactor accident the
radioiodines are unique in that the dose received by persons exposed by inhala-
tion of radioiodines in the gaseous plume may be substantially reduced. GMA-9
provides guidance on the medical aspects of the use of stable iodine compounds
as a prophylactic measure in the event of a nuclear accident. A review of the
physiologic basis for the use of stable iodine as a prophylactic measure and the
effects of radiation on the thyroid gland are provided. Logistic factors that
must be considered to provide the optimum level of radiological protection and
medical safety are also addressed.

RÉSUMÉ

L'iode radioactif, qui compte parmi les produits de fission pouvant se dégager
durant un accident de raacteur de puissance nucléaire, est unique car la dose
reçue par les personnes/exposées par inhalation de ce produit présent dans le
panache gazeux peut êtne considérablement réduite. GCM-9 fournit des lignes
directrices sur les aspects médicaux de l'utilisation de composés iodés non
radioactifs comme mesure prophlyactique en cas d'accident nucléaire. La base
physiologique de l'utilisation prophylactique de ces substances et les effets de
rayonnements sur la glande thyroïde sont présentés. Ces lignes directrices
précisent également l'es facteurs logistiques dont on doit tenir compte pour
offrir le niveau optimal de radioprotection et de sécurité sur le plan médical
lorsqu'on utilise de 'l'iode non-radioactif.
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GUIDELINES ON THE USE OF STABLE IODINE AS A PROPHYLACTIC MEASURE
DURING NUCLEAR EMERGENCIES

1. PURPOSE

The purpose of this report is to provide guidance on the use of stable iodine
compounds (Potassium Iodide or Potassium Iodate) as a prophylactic measure in the
event of a nuclear accident. The guidance is intended primarily for those who
are responsible for the preparation and implementation of protective measures to
minimize health risks during nuclear emergencies.

2. SCOPE

These guidelines will focus on the medical aspects of the use of stable potassium
iodide (KI) or potassium iodate (KIO3) and will consider the advantages and dis-
advantages of the administration of this substance to avert radiation dose to the
thyroid gland. A review of the physiologic basis for the use of stable iodine
as a prophylactic measure and the effects of radiation on the thyroid gland will
be provided. The guidelines will also address the logistic factors that must be
considered to provide the optimum level of radiological protection and medical
safety in the use of stable iodine. General aspects of emergency planning and
radiological safety are excluded from this report.

3. DEFINITIONS

Dose Units

The source of radiation with which this document is concerned is mainly 1 3 1I,
which is concentrated in the thyroid where most of the dose is delivered. The
small fraction of the dose delivered to the GI tract, salivary glands and bone
marrow is insignificant compared with the thyroid dose. The radiation weighting
factor (WR) is the same for photons, and electrons of all energies, namely, 1,
so that the absorbed dose in gray is numerically the same as the equivalent dose
in sievert. However, the tissue weighting factor (W-p) for the thyroid is 0.05,
and its application would substantially reduce the numerical value of the
effective dope compared with the equivalent dose. As the effective dose is also
measured in sievert, confusion could exist between these two quantities. Since
the absorbed dose is numerically equal to the equivalent dose, that quantity
expressed in gray has been adopted in this report for clarity to express the
thyroid dose.

Stable Iodine

For the purposes of this report, the term stable iodine will be used for stable
potassium iodide or stable potassium iodate.

Prior-Distribution

Precautionary distribution of stable iodine to individual households in areas
adjacent to a nuclear reactor, prior to occurrence of a nuclear accident. It
includes special arrangements for early access and ingestion by radiation workers
and emergency workers at the onset of a serious reactor accident.
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Averted Dose

The dose saved by implementing a protective action. If the interventions are
fully effective, the averted dose may be numerically equal to the projected dose,
but these are conceptually different quantities.

Post-Distribution

Discretionary distribution of stable iodine to members of the public at off-site
evacuation/reception centres, after the onset of a nuclear accident and immedi-
ately prior to evacuation of given areas adjacent to a nuclear reactor.

Selective Prior-Distribution

Precautionary distribution of stable iodine to institutions such as schools,
hospitals, day care centres, and nursing homes, prior to a reactor accident, in
order to facilitate early availability and ingestion for vulnerable groups at the
onset of a reactor accident.

Sheltering

Remaining indoors (at home or work) with doors and windows closed and external
ventilation turned off, to reduce the potential exposure of individuals from the
airborne plume of radioactive material.

Evacuation

The transfer of people from an area where the level of radiation exposure after
an accident is deemed to be unacceptable.

Iodine Prophylaxis

The administration of stable iodine to prevent the thyroidal uptake of radio-
iodine, in order to avert or reduce the radiation dose to the thyroid gland.

4. INTRODUCTION

»
The inventory of radioactive fission products that resides in the fuel of a power
reactor is very large. An accident which causes loss of cooling to the fuel may,
if coupled with the failure of engineered safety barriers, release large
quantities of radioactive materials to the environment. The probability of this
occurring is extremely low but it is prudent to carry out emergency planning for
a range of accidents. The fission products of greatest concern are those which
have a high yield from the fission process and which are most readily released
from fuel. These are the radioactive noble gases such as krypton and xenon and
the volatile radioiodines. Table 1 gives the fission product radioiodines of
importance in radiation emergencies and the equilibrium activity present in a
typical CANDU reactor fuel bundle. In a 600 MWe reactor there are about 4500
fuel bundles.

The activity of the radioiodines which may be released to the atmosphere in an
accident is difficult to quantify and is dependent on the type of reactor, the
particular design features of that type, and the nature of the accident. Major
environmental releases have occurred from the accident at the air-cooled Wind-
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scale reactor in the UK in 1957 and from the reactor accident at the Chernobyl
reactor in 1988. Both of these reactors were graphite moderated and in the
accidents the graphite ignited and caught fire. In the accident at the Three
Mile Island station in the USA in 1979 the reactor involved suffered a loss of
coolant to the core, but despite very large release of radioiodines from the
fuel, release to the environment was low. The radioiodine was retained in
emergency cooling waters and in the containment buildings.

Design features of water-cooled reactors in the Western world are intended to
reduce substantially the release of radioiodines from the reactor systems and
delay or slow the release to the environment, permitting short-lived fission
product radioiodines to decay. 131I is considered the radioiodine of significance
in postulated accidents because among the radioiodines it is relatively abundant
and has a relatively long half-life (8.04 days).

In a severe accident the most likely release pattern for gaseous and volatile
radionuclides is that there would be a short-term puff release of radioactivity
followed by a release from containment over an extended period. For stations
with vacuum building containment there is likely to be a delay of about 24 hours
before this extended release period commences.

TABLE 1

Fission Product Radioiodines in a Fuel Bundle (Pickering NGS-A)
of Importance in Radiation Emergencies

Nuclide

135I

133I

131I

Half Life

6.6 h

20.8 h

8.04 d

Equilibrium Activity
(TBq)

1.4 x 103

1.3 x 103

0.65 x 103

There are two principal exposure pathways for radioiodines released from a
nuclear station either in normal operation or in an accident. These are the
inhalation of radioiodine in the plume of radioactivity from the reactor and the
ingestion of foods which become contaminated by fallout from the plume. Milk
from cows grazing on pasture contaminated with radioiodines by fallout from the
plume is of greatest concern because of the concentrating mechanisms that exist
in this plume-pasture-cow-milk pathway and because the diet of infants is largely
milk. For the inhalation pathway the time delay that will occur between the
occurrence of an accident at a reactor and exposure of the surrounding population
could vary from several minutes to at least a day. For the ingestion pathway
several days will pass after the release begins before thyroid uptake and
exposure occurs. It should be emphasised that stable iodine ingestion should
only be used as a protective measure in the early phase of an accident where the
inhalation pathway leads to exposure. Later in the accident, where deposition
of 131I on vegetation leads to exposure through the ingestion pathway, other
methods of dose reduction such as banning foods and dilution in the food web are
much more appropriate responses than stable iodine administration.
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While the emphasis in this document will be on the use of stable iodine in the
event of a nuclear reactor accident, it should be remembered that other uses of
radioiodine in radiopharmacies, laboratories and nuclear medicine departments can
lead to accidents and are sources of potential exposure. While the exposure will
not be as widespread in the population, there is a place in these circumstances
for the prophylactic use of stable iodine especially among the workers.

5. THE THYROID GLAND

The rational use of stable iodine to selectively block the uptake and incorpora-
tion of radioiodine by inhalation following a reactor accident requires knowledge
of the physiological processes involved in thyroid hormone production.

5.1 Function

The thyroid gland is responsible for the secretion of the hormones triiodothyro-
nine (T3) and thyroxin (T4) which stimulate an increase in metabolic rate
throughout the body. Both these hormones require iodine, which is normally
ingested in the diet, for their synthesis.

The ability to appropriately regulate thyroid function will depend upon normal
maturation of the thyroid follicles, pituitary gland and hypothalamus during
development. Table 2 below indicates the mass of the thyroid gland at various
stages of development.

TABLE 2

Mass of the thyroid gland at various stages of development
[Mo90b, Ma90]

Age

Fetus, 3 months
Fetus, 6 months
Neonate, at birth
Children, 1 month - 17 years
Adults, 17 years and over

Mass

5 mg
200-600 mg

1-3 g
3-15 g

17-20 g

5.2 Basic Physiology

The thyroid gland is composed of spherical closed follicles (150 to 300 micro-
meters in diameter) and is richly supplied by minute blood and lymph vessels.
Each healthy follicle consists of a single layer of cuboidal epithelioid cells
which surround a lumen, into which they secrete a homogeneous colloid. The
colloid is comprised mainly of thyroglobulin, a large glycoprotein, which incor-
porates and stores the thyroid hormones within its molecule. Once secreted, the
colloid must be absorbed back into the follicular cell and be cleaved into its
constituent parts before the thyroid hormones can be released into the blood-
stream and be available to the body. A number of metabolic steps are involved
in the production and release of thyroid hormones.
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Follicular cells trap iodine by actively transporting iodide ions from the blood
supply and concentrating them within the cell. At the lumen side of the cell,
in the same location where thyroglobulin is secreted through the Golgi apparatus
into the stored colloid, the iodide ion is oxidized to a more reactive form,
either nascent iodine (1°) or I3". Under the influence of an iodinase enzyme,
these reactive ions combine rapidly with tyrosine groups found on the thyroglobu-
lin molecule. A series of coupling reactions then occur between the iodinated
tyrosine compounds which result in the formation of the hormones T3 and T4 within
the thyroglobulin molecule. Sufficient thyroid hormone to meet normal body
requirements for 2 to 3 months is thus stored in the colloid within the follicle.
When required, the thyroid hormone must be retrieved from the storage molecule.
Droplets of colloid are engulfed by the follicular cells, and digested within the
cell to release free T3 and T4 hormones which diffuse through the base of the
cell into the adjacent capillaries and into the systemic circulation.

Only about one quarter of the iodinated tyrosine in the thyroglobulin molecule
is formed into hormone. The remainder of the iodine cleaved from the digested
thyroglobulin is recycled within the cell to form new thyroid hormone. Iodine
taken up by the thyroid could thus be stored in the colloid, metabolized, or
recycled and stored again a number of times over a period of several months.
Therefore, uptake of large amounts of radioiodine could result in prolonged
internal radiation exposure of the thyroid gland causing destruction of
follicular cells.

5.2.1 Thyroid regulation

Regulation of thyroid hormone production is mainly influenced by circulating
levels of thyroid hormone and iodine. The pituitary gland secretes thyroid stimu-
lating hormone (TSH), or thyrotropin, the primary regulator of thyroid function.
TSH has a stimulating effect on al] phases of iodine metabolism in the thyroid,
from iodide trapping through the release of free hormone. The amount of TSH
secreted is inversely related to levels of circulating thyroid hormone and iodide
ions. When iodine intake exceeds about 1 mg per day, the concentration of TSH
diminishes, thus slowing all phases of thyroid metabolism.

The thyroid gland has an internal system of autoregulation, independent of TSH
levels, which assists in the maintenance of thyroid hormone stores in the thyroid
gland. This mechanism develops late in fetal life (36-40 weeks) [Mo90b].

Under most circumstances iodide transport is the rate-limiting step for iodine
accumulation within the thyroid. The plasma inorganic iodide concentration in
adults normally ranges from 0.4 to 0.6 /ig/dl. Above a threshold of 0.6 /ig/dl
iodide trapping is rapidly limited [Wa64]. When iodide ions are present at
concentrations about 100 times normal levels, a phenomenon known as the Wolff-
Chaikoff effect occurs [Gu91]. This effect includes the inhibition of hormone
precursor synthesis, especially organification, and the inhibition of hormone
release involving impaired colloid digestion [Wo48] . A rapid shutdown of thyroid
hormone release into the circulation results. The Wolff-Chaikoff effect is more
pronounced in individuals who have low iodine stores and/or high thyroidal up-
take. The Wolff-Chaikoff effect is transient, occurring with a latency of a few
hours, and usually lasting only a few days in spite of persistently high iodine
levels [De90]. This is due to the autoregulatory mechanism which permits the
thyroid gland to overcome the suppressive effects of iodine overload on thyroid
hormone secretion. Response to circulating levels of iodine is particularly pro-
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nounced in infants, newborns and in the fetus. Iodine stores are lower, iodine
trapping is more rapid, and iodine uptake is higher in newborns than in adults
[De90]. These age groups are extremely sensitive to the blocking effects of
iodide overload, and the Wolff-Chaikoff effect is prolonged. Thus, the fetus and
infant are more susceptible than adults to uptake of radioiodine, but are also
more readily protected due to their rapid response to stable iodine.

5.3 Iodine Metabolism (see Figure 1)

Iodine is ingested in both inorganic and organic forms and reduced to inorganic
iodide in the gastrointestinal tract. Iodide is effectively absorbed into the
extracellular fluid within thirty minutes of ingestion and very little is lost
in the stool. Normally, about one fifth of the iodide is extracted from the
circulating blood by the thyroid gl«~nd. The remainder is rapidly removed by the
kidney and excreted into the urine. Iodide is also concentrated in breast milk.

Due to active transport and iodine trapping, the concentration of iodide within
the follicular cells normally exceeds by 30 to 50 times that found in circulating
blood [Gu91]. Iodide ions which are incorporated into thyroglobulin, but not
subsequently formed into hormone, could be recycled several times within the
cell. Iodide removed from the serum by the thyroid is returned to circulation
in the form of thyroid hormones. Later, peripheral deiodination of these
hormones returns iodide to the extracellular pool.

5.3.1 Required daily amount of iodine

Adequate iodine intake is necessary for normal thyroid hormone synthesis. Table
3 shows the recommended iodine intake for people of all ages.

TABLE 3

Dally iodine intake recommendations for humans
(World Health Organization) [Ru90]

Age

Children, 0-6 months
Children, 6-12 months
Children, 1-10 years
Others, 10 years and over
Pregnant and lactating women

Mass of iodine

30 /ig
45 fig

60-100 fig
100-150 fig
125-150 fig

N.B.: In Canada, the adult daily Recommended Nutrient Intake for iodine is 160 fig [HW83a].

5.3.2 Dietary intake of iodine

Significant individual and regional variation in dietary intake may occur. In
regions where dietary intake is low, iodine trapping is increased, and uptake of
iodine into the thyroid gland occurs rapidly. Thus, in areas of low dietary
intake of iodine, radioiodine uptake and therefore exposure of the thyroid will
be greater in the event of an accidental radioiodine release.
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Figure 1. Model of Iodine metabolism
(Extracted from IC89 and IC93)
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From recent iodine intake estimates, Canadians consume more than 1000 ng of
iodine per day, which is over 6 times the daily recommended iodine intake [Fi87].
The major sources of dietary iodine are iodated bread, iodized salt, and dairy
products. Children who drink about 660 ml of milk might be ingesting as much as
600 /jg of iodine from this dietary source alone [Fi87]. The table salt consumed
in Canada has 0.01% (by weight) potassium iodide.

5.4 Thyroid Diseases

The thyroid follicle is responsible for uptake of iodide, formation of thyro-
globulin and formation and secretion of T3 and T4. Disturbances of follicular
function or impaired regulation of the thyroid could result in hypothyroidism or
hyperthyroidism.

5.4.1 Hypothyroidism

Hypothyroidism refers to a general reduction of thyroid activity, including
iodine uptake and hormone synthesis, or the condition resulting therefrom. There
are many causes for hypothyroidism including iodine deficiency, and destruction
of thyroid tissue by high doses of radiation.

Hypothyroidism, even temporary, may have some serious side effects, especially
for the very young and the fetus. If there is a reduction in fetal hormone
levels, normal development of organs such as the brain may be compromised. In
a young child, a deficiency of thyroid hormone between the ages of 4 months and
4 years can cause severe and irreversible mental retardation (cretinism), and can
impede the development of the body later in childhood [De91].

5.4.2 Hyperthyroidism

Hyperthyroidism refers to a general sustained increase of thyroid activity, in-
cluding increased iodine uptake and hormone synthesis, or the general condition
resulting therefrom. The various causes for this condition are less well under-
stood. It should be noted, however, that treatment for this condition, including
surgery and use of radioactive iodine often results in hypothyroidism.

Although an excess of iodine in the bloodstream rarely induces hyperthyroidism,
it may do so in regions where nutrition and dietary habits do not normally
provide sufficient iodine.

5.4.3. Thyroid cancer

Primary thyroid cancer is rare: it has a prevalence of about 3.6 per 100,000
[NC85] and accounts for less than IX of all cancers. Table 4 shows thyroid
carcinoma incidence and mortality in Canada in 1990.

The majority (70%) are papillary in type, while 15% are follicular and 5% ana-
plastic. Other types such as medullary carcinoma are extremely rare. Most of
the thyroid cancers induced by radiation are papillary.
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TABLE 4
Carcinoma of the thyroid in Canada (1990)

Incidence/100,000

Age

Male
Female
Both

0-19 years

0.22
0.75
0.48

20-85+ years

2.79
7.66
5.23

Mortality/100,000

Age

Male
Female
Both

0-19 years

0.00
0.00
0.00

20-85+ years

0.46
0.43
0.45

(From unpublished data provided by the Laboratory Centre for Disease Control, Health Canada, 1994.)

Anaplastic thyroid cancer is uniformly fatal in months rather than years, but the
outlook for papillary and follicular cancer is usually excellent. This is par-
ticularly true of papillary carcinoma which is intrathyroidal and less than 2 cm
in size, where survival after 20 years is approximately 75%. However, extra-
thyroidal spread and the presence of métastases significantly reduces survival
even in well-differentiated disease.

6. EFFECTS OF RADIATION ON THE THYROID

6.1 External Radiation

The thyroid gland is highly sensitive to the carcinogenic effects of ionizing
radiation. Since the first reported association in 1950 between thyroid
carcinoma and x-ray exposure, our knowledge of thyroid carcinogenesis has
increased considerably. Excess risks of thyroid cancer have been repeatedly
found in clinical and epidemiological studies following external irradiation.
These studies have also suggested that susceptibility to radiation-induced cancer
was greater early in childhood than at any time later in life.

For children under the age of 20, risk estimates from the major studies of
external irradiation are presented in Table 5. Risk estimates are expressed as
excess relative risk (ERR) per sievert (Sv). The Life Span Study of A-Bomb
survivors still provides the most important data for the risk estimates [Th94].
Other major studies which contributed to the risk estimates include the Tubercu-
losis Adenitis Screening Study [Ha62], the Israeli Tinea Capitis Study [Ro89],
the New York Tinea Capitis Study [Sh92], the Rochester Thymic Irradiation Study
[Sh93], and the Childhood Cancer Therapy Study [Tu91]. Average excess relative
risk per Sv for the incidence of thyroid cancer under the age of 20 ranges
between 4.2 and 36.5 in these studies. The mean doses vary from 0.1 to 12.5 Sv.
The wide range of estimates is due to the methodological differences and limita-
tions among the studies such as variation in lengch of follow up, uncertainties
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in dosimetry, variation in the background cancer rates, as well as differences
in sensitivity due to race and sex.

Table 5 also presents risk estimates from the studies in adults including the
Life Span Study [Th94], Hodgkin's Therapy [Ha91] and Cervical Cancer Studies
[Bo87,Bo92]. The risk estimates are considerably lcwer in adults than those of
children because of the strong influence of age at exposure. The ERRs for thyroid
cancer incidence have a wide range between 0.11 and 34 per Sv.

TABLE

Estimates of Thyroid
External Irradiation in

Study

Studies in (

Life Span Study [Th94]

Tuberculosis Adenitis [Ha62]

Israeli Tinea Capitis [Ro89]

New York Tinea Capitis [Sh93]

Rochester Thymic Irradiation [Sh93]

Childhood Cancer Therapy [Tu91]

Skin Haemangioma in Childhood
[Fu88, Fu90]

Studies in

Life Span Study [Th94]

Hodgkin Therapy [Ha91]

Cervical Cancer Cohort [Bo87]

Cervical Cancer Case-Control [Bo92]

5

Cancer Risk
Children and

Mean dose
(Sv)

Children

0.26

8.20

0.10

0.10

1.40

12.50

0.23

Adults

0.26

34.00

0.11

0.11

from
Adults

Excess Relative
Risk per Sv
and 90% CI

6.3

36.5

34.0

7.7

9.5

4.5

4.2

0.1

0.4

2.5

12.3

(5.1 - 10.1)

(17.4 - 69.0)

(23.0 - 47.0)

(<0 - 60.0)

(6.9 - 12.7)

(3.1 - 6.4)

(0.1 - 29.0)

« 0 - 0.8)

(0.2 - 0.8)

« 0 - 6.8)

(<0 - 70.0)

6.2 Internal Radiation (Radioiodine)

Intake of 131I may result from its use for diagnostic or therapeutic purposes.
Very large amounts of 131I are used for the treatment of thyroid cancer to
destroy thyroid gland remnants and functioning metastatic tissues. Smaller
quantities are used to treat hyperthyroidism and much smaller amounts are used
to diagnose thyroid diseases. Exposure to 131I also results from fallout from
the atmospheric explosions of nuclear weapons, and from nuclear installations
during an accident. The summary results of major studies of thyroid cancer risk
from medical exposure to radioiodine and atomic weapons fallout are presented in
Table 6.
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6.2.1 Medical

A Swedish [H088] cohort study examined the effects of the diagnostic use of 131I
among adults and children, who received an average dose of 0.5 Gy. There was an
excess of thyroid cancer observed in the period 5-9 years following exposure, but
no excess was observed after 10 years. It was therefore concluded that the
observed increase in the 5-9 year period was due to screening. A combined
analysis of the Swedish patients who received therapeutic doses of 131I for
hyperthyroidism found no association between 131I intake and thyroid cancer.

A similar study in the US [Ha89] compared the incidence of thyroid cancer in
children administered diagnostic 131I to that of a control group of children.
The thyroid cancer rate in the two groups after five years was not significant.

6.2.2 Fallout

As a result of a Pacific nuclear test in 1954, the inhabitants of the Marshall
Islands were exposed to a mixture of radioiodine and gamma radiation. The
majority of the dose resulted from the short-lived radionuclides such as 1 3 2I,
I33I, and 1 3 5I. Only 10-20 % of the dose was received from 1 3 1I. The thyroid dose
from external gamma rays and radioiodine ranged from 3-52 Gy in children and 1.2-
12 Gy in adults. Over a follow-up of 32 years, Robbins et al. [Ro89a] did not
show any evidence of increased risk of thyroid cancer among the inhabitants of
the islands. It was suggested by Shore [Sh92] that the high dose to the thyroid
might have resulted in cell killing preventing the future development of thyroid
cancer due to the smaller number of cells at risk. Post-accident inter-vention
of thyroid surgery may have reduced the occurrence of thyroid cancer for the same
reason. In this type of exposure it would be difficult to distinguish the
effects of gamma exposure from the radioiodine intake.

Following the 1986 Chernobyl accident, an increased incidence of thyroid cancer
among children in the Ukraine [Pr91] and Belarus [Ka92] was reported. While the
observed increase in childhood and adult carcinoma of the thyroid appears to be
real [CE93.WH94], it will be virtually impossible to derive risk estimates from
this data due largely to the lack of accurate dose assessments and other con-
founding factors.

Several studies have also investigated the effect of fallout radiation from
weapons testing in the US. A survey of thyroid diseases including carcinoma
among children exposed to fallout radiation in Utah and Nevada did not show any
increase of thyroid cancer [Ra90]. However, there was a later study of the same
cohort [Ke93] , in which the cohort was halved by the elimination of missing data
and confounding factors. A significant excess of thyroid neoplasms was found in
this study although no dose-response was demonstrated.

6.3 Summary

The excess relative risk varies from 0 to 3.1 per Gy for children and < 0 to 0.5
per Gy for adult exposure and 0 to 0.3 per Gy for adults exposed to high-dose
^31I therapy. It appears that internal 13*I exposure is a less effective carcino-
gen than external radiation. However, comparisons between the risk estimates
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from studies of external irradiation and J1I intake should be made cautiously.
The data on J31I are still very limited. Further follow up of the available data
should provide more information on the risk estimates.



- 12 -

TABLE 6

Estimates of Thyroid Cancer Risk from Exposure tc

Study
Mean dose

(Gy)1

1 Radioactive Iodine

Excess Relative
Risk per Gy
and 90% CI

Studies in Children

Swedish diagnostic [H088]

USA FDA diagnostic [Ha89]

Marshall Island [Ro89a]

Utah/Nevada fallout [Ra90]

Utah/Nevada fallout [Ke93]

1.6

0.6

12.4

0.2

0.17

0.5 (<0 - 2.6)

3.1 (<0 - ?) N.S.

0.3 (0.1 - 0.7)

0.0 (0.0 - 3.7)

7.0 S.

Studies in Adults

Swedish diagnostic [H088]

German diagnostic [G184]

Marshall Island [Ro89a]

0.42

1.0

4.66

<0 (<0 - <0)

0.3 (0 - 1.4)

0.5 (0.0 - 1.6)

1 The dose units used in the original papers have been retained.
N.S. = Non-significant
S. = Significant

7. BASIS OF STABLE IODINE PROPHYLAXIS

7.1 Philosophy of Intervention in a Reactor Accident

Since the source is no longer under control during a reactor accident, the dose
limits for the general public are not applicable, and any intervention action
must be based on the radiation protection principles of Justification and
Optimization to protect the public.

Predicted and averted dose

Early in the accident, projected doses to the public need to be estimated for
each exposure pathway prior to the introduction of any intervention measure.
Once the projected doses are predicted, each protective action needs to be
assessed on the basis of the dose its introduction will save. It must be
emphasized that it is the dose averted by a protective action, not the projected
dose that will determine whether that action is appropriate or not. However, for
planning purposes prior to an accident, projected dose-levels may be developed
for which particular intervention measures are invoked. These projected dose-
levels can be used early in an accident as a surrogate for the dose avoided by
a control measure.
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Justification

Any intervention measure has to be justified, namely that it will produce more
good than harm. A protective action always carries some risk to the individual
and some detriment to society from its monetary cost and disruption of estab-
lished economic and social patterns. Thus, in the evacuation of an old persons '
residence, greater harm could possibly be incurred by the evacuation itself than
from the dose it was designed to avoid. In any such decision, an assessment of
the perceived hazard implied in not introducing a protective measure will almost
certainly play a part, and public anxiety can be enhanced or allayed by such
actions. As has been shown elsewhere in this document, the appropriate ingestion
of stable iodine carries with it a small physical detriment which is readily
discounted against the potential dose savings and the social benefits that may
result.

Optimization

It should also be remembered that a specific protective action adopted for the
reduction of dose from a particular exposure pathway, may well influence adverse-
ly or beneficially the dose from a different exposure pathway. For this reason,
protective actions should not be introduced in isolation and there is a need for
overall integration. This is clearly demonstrated by the protective action of
sheltering, introduced to reduce the dose from immersion in the plume but which
incidentally may provide some measure of protection against the inhalation of
radioiodine. Provided that stable iodine is ingested just before exposure to
radioiodine, it provides virtually complete protection for the thyroid. If
ingestion of stable iodine is delayed, it is less effective and the dose averted
will be smaller, so that the "good" it might do is reduced and may even be non-
existent. It is clear that prophylactic stable iodine must not only be integrated
with other protective measures, but also administered in a timely fashion to
maximize the dose averted.

All interventions need to be integrated into the emergency plans as early as
possible. Optimization determines the establishment of the level at which a
justified protective action will be implemented. This will not only entail the
integration of measures, but also an assessment of the cost and the benefit of
an intervention. As an accident progresses, intervention actions should be
reviewed to determine if they are still justified and optimized.

ICRP suggests that stable iodine prophylaxis should be introduced where the dose
to the thyroid saved is between 50 and 500 mGy [IC91b] , and that the actual level
for intervention between these two values would depend on the optimization
evaluation.

7.2 Use of Stable Iodine Prophylaxis

Among the fission products that may be released in a reactor accident the radio-
iodines are unique in that the dose received by persons exposed by inhalation of
radioiodines in the gaseous plume may be substantially reduced. Administration
of stable iodine can, depending on the time of administration relative to
exposure, significantly reduce the absorbed dose to the thyroid. This interven-
tion measure is a part of current emergency plans of all Canadian provinces which
have utilities with nuclear power programs. The effectiveness of this prophy-
lactic measure, if timely, is not in doubt and it has been successfully practised
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in an occupational setting within nuclear stations. Some concern exists about
the optimum method of distribution of stable iodine to members of the public
involved, especially when the exposed or potentially exposed group is large.
Decisions on distribution should take into account the dependence of dose
reduction on administration time, the effectiveness of the chosen method in
reaching the population with stable iodine in a timely manner and the cost of
administration. For these and other reasons, such decisions may be determined
mainly by site specific parameters. However, the guiding principles remain the
same.

7.2.1 Timing and efficiency of tvroid blocking (see Figure 2.)

Stable iodine ingestion can reduce the uptake of radioiodine in a number of ways,
such as saturating the iodide transport mechanism, increasing the storage of
iodine, impeding the recirculation of radioiodine and by eliciting the Wolff-
Chaikoff effect (see Section 5.2.1.). In addition, the effectiveness of stable
iodine as a prophylactic measure depends heavily on the timing of its administra-
tion with regard to the exposure to radioiodine. A single dose of 100 mg of
stable iodine given 24 hours before exposure will reduce the thyroidal uptake of
radioiodine by about 60%, and by 20-25% if given 40 hours before exposure to
radioiodine [WH90]. If stable iodine is given 3 hours after exposure to radio-
iodine, it will reduce the uptake by up to 50%. Some reduction can be expected
up to 6 hours after exposure to radioiodine, but by 10 hours, the administration
of stable iodine has no significant effect on uptake [NC77]. Similar conclusions
have been reached in a recent review of the experimental literature [Ko94].
Figure 2 shows the estimated average dose averted (%) by ingestion of stable
iodine after exposure to radioiodine. The blockade induced by a single dose of
100 mg of iodine will be significantly reduced or lost after about 48 hours.
Where an accident continues to involve the release of radioiodine for an extended
period, several daily doses of stable iodine may be necessary. After 11 days
administration of 100 mg iodine, the thyroid takes about six weeks to recover
most of its iodine trapping function. However, it is unlikely that ingestion of
stable iodine by the general public will need to be continued for more than 2
days.

7.2.2

Although the average daily Canadian dietary intake (e.g. 1 mg) does afford some
protection, supplemental iodine is required to block the thyroid. Relatively
small doses of stable iodine (e.g. 30 mg) can effectively block the thyroid
[St90]. Iodine in the form of potassium iodide (KI) or potassium iodate (KI03)
is the preferred form for oral administration. 130 mg tablets of KI and 170 mg
tablets of KI03 each contain about 100 mg of iodine and are manufactured for this
purpose. Potassium iodide is more readily available in Canada than potassium
iodate. The dosage of iodine recommended by the World Health Organization [WH90]
is as follows: Newborn 12.5 mg, Infant 25 mg, Child 50 mg, Adult 100 mg. Where
fractions of a tablet are required for newborns or infants, the tablet may be
dissolved in juice or water and an appropriate quantity of the solution given.

No additional precautions need to be taken by pregnant women to protect the
fetus. As iodine readily crosses the placental barrier, the mother's ingested
dose will protect the developing fetal thyroid. In lactating women receiving
stable iodine prophylaxis, iodine will be concentrated in the breast milk, and
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ingested by the neonate. Consequently, additional protection is not required by
the breast-fed neonate. The WHO Guideline On The Use Of Stable Iodine After
Nuclear Accidents recommends only a single dose for the neonate and a two dose
limit for pregnant and lactating women [WH90]. The duration of stable iodine
prophylaxis in pregnant women, lactating women, and neonates should therefore be
the minimum necessary to provide protection, and other countermeasures should be
considered (see 7.2.3, below).

7.2.3 Risks of iodine administration

In goitrous regions, where there is a low iodine content in the diet, reactions
such as hyperthyroidism, skin and allergic reactions are more likely to occur in
that population compared with the Canadian population, where supplementary iodine
has been introduced into the diet.

Within the population there are groups with special sensitivities to iodine. The
thyroids of fetuses, after mid-gestation, and neonates may be more sensitive to
iodine overload, especially in iodine-deficient countries. Iodine prophylaxis
could theoretically provoke a transient primary hypothyroidism which might occur
during a critical period of brain development. TSH and T4 levels should be
monitored soon after birth, if possible, and replacement thyroid hormone therapy
given, if necessary.

The transient hypothyroidism will tend to rectify itself soon after stopping the
stable iodine. The induction of hypothyroidism in adults seen after prolonged
administration of therapeutic doses of iodine will not be a concern as stable
iodine will only be taken at most for a few days.

Much of the information on the side effects of stable iodine administration stems
from studies on the prolonged high-dose oral ingestion of iodine in respiratory
diseases such as asthma, and also from studies of patients undergoing radio-
logical investigations involving the intravenous injection of iodine-containing
contrast media. In the latter, several grams of iodine are injected, and severe
allergic reactions can occur, but are very unlikely where an oral dose of 100 mg
is given. In Poland following the Chernobyl accident, only three severe
reactions to iodine were reported in 18 million persons taking stable iodine.
These occurred only in adults, and presented as allergic bronchospasm requiring
intravenous steroid therapy. No severe adverse reactions were reported in 10.5
million children and adolescents [WH90].

In its Report No. 55, NCRP derives a risk estimate of 5 x 10"7 for reported
reactions at a daily dose of 300 mg of iodide. It would be reasonable to place
the risk estimate for serious reactions in the 10"7 range [NC77].

7.2.4 Benefits of iodine administration

The sole benefit from stable iodine administration in a reactor accident is the
prevention of thyroid dose by the inhalation pathway and a reduction in the risk
associated with that dose. In order to assess the benefit, a quantitative assess-
ment of the detriment avoided must be weighed against the detriment associated
with the ingestion of stable iodine. At the thyroid doses envisaged as a result
of a reactor accident involving the release of radioiodine, the main risks are
the induction of thyroid nodules and carcinoma. It is extremely difficult to
assess these risks, as most studies have been performed on the effects of exter-
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nal, rather than internal irradiation of the thyroid. What studies there are
suggest that 131I exposure is less carcinogenic than a similar dose of external
radiation (see Sections 6.1 and 6.2). Another factor which requires considera-
tion is the greater sensitivity of females and young persons to thyroid irradia-
tion. The relative risk of fatal thyroid cancer is low compared with some other
cancers, and is often quoted as being one tenth of the incidence figures. In
Report No. 80, the NCRP quotes a lifetime excess cancer incidence following
irradiation of the thyroid of 1 x 10"3 Gy*1 for those older than 18 years,
compared with 1.5 x 10"3 Gy"1 for those younger than 18, and in NCRP 115, the
projected lifetime risk of fatal thyroid cancer for the US population was esti-
mated to be 7.5 x 10"4 Gy"1 [NC85]. However, cancer and fatal cancer incidence
rates do not necessarily reflect the whole detriment, as radiation also produces
thyroid nodules which may need to be differentiated from cancer and may involve
the detriment associated with investigation and possible operation. WHO [WH90]
suggests that the total detriment risk from 131I over a lifetime is 8.4 x 10~3 Gy'1

at age less than 20 years, and 1.9 x 10"3 Gy"1 at greater than 20. The 1991
Census of the Canadian population indicates that the fraction of the population
over 20 years of age is 0.723, giving an overall lifetime detrimental risk
weighted for the Canadian population of 3.7 x 10"3 Gy"1 [(1.9 x 10'3 x 0.723) +
(8.4 x 10"3 x 0.277)]. This would mean that for an average individual dose saving
of 500 mGy, 18 persons with severe detriment would be avoided in 10,000 exposed.
For an average dose of 50 mGy, about 2 persons in 10,000 would be saved severe
detriment. It is clear that this order of dose and risk avoidance far outweighs
the risk of administration of stable iodine of about 10"7. However, this does
not complete the optimization process, as the cost of the stable iodine tablets
and the cost of their distribution needs to be calculated. This is very site
specific, depending on the size of the population, its mobility and many other
factors such as distribution pathways which may already be in place. According-
ly, it is only possible to provide guidance on the range of dose avoidance where
stable iodine prophylaxis should be considered. At averted doses of less than
50 mGy, stable iodine prophylaxis may be individually justified, but impractic-
able to implement because of increased population and cost. However, at doses
averted of more than 500 mGy, stable iodine would be recommended. Between these
values, a site specific justification and optimization evaluation should be
conducted.

7.2.5 Shelf life

Manufacturers of potassium iodide suggest a shelf-life of about 5 years stating
that potassium iodide degrades very slowly and most of the 100 mg of iodine will
continue to be bioavailable within the 5 years. Although less iodine will be
bioavailable when the storage time exceeds 5 years it should be remembered that
only about 30 mg is actually necessary to block the thyroid. This makes the
effective shelf-life much longer.

In Sweden, where an iodine prophylaxis program has been in effect for several
years, KI tablets in central storage are now 11 years old, and are tested for
quality yearly (visual appearance, concentration of potassium, iodide, purity -
amount of free iodine, amound of iodate, average weight, hardness, decay, solu-
bility). Although a 15 year shelf-life is expected, when tablets are stored in
air-tight aluminum foil cards under controlled temperature and humidity about 5
years is considered reasonable for conditions which may exist in homes [NE94].
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7.2.6 Monitoring an iodine prophylaxis program

Once a stable iodine prophylaxis program has been implemented, a monitoring pro-
gram is needed to assess its effects and efficacy. This needs to be incorporated
into the emergency plan and has three objectives:

1. To assess the efficacy of stable iodine administration
2. To assist in determining when to terminate the measure, and,
3. To monitor the potential harm from 131I and stable iodine.

Where the group to be monitored is small, such as emergency workers, it may well
be feasible to monitor each individual, but where the population is large, the
use of a representative sample may be the only viable alternative. The monitor-
ing process for the acute phase can be terminated a few days after stopping the
stable iodine, but the long-term monitoring for thyroid radiation abnormalities
may need to be continued for several decades. During the acute phase, the
monitoring program may include estimates of serum iodide levels, the bioassay
measurement of 131I in the 24-hr urine or measurement of activity in the thyroid
using portable counters. In a monitoring program for radioiodine exposure in the
general public, the more acceptable assessment would be through the use of
portable thyroid counters, as urine and serum measurements are much more
difficult to implement.

Any long-term monitoring effort for thyroid effects should be integrated into the
monitoring program for other radiation health effects following the accident.

8. LOGISTICS OF DISTRIBUTION

A stable iodine prophylaxis program can play an important role in the prevention
or reduction of radiation exposure of the thyroid gland in the event of an
accident at a reactor or any other facility using radioiodine. However, such a
program should be implemented only after a full consideration of the particular
design and siting aspects of each reactor, the proximity and size of neighbour-
ing population groups, the logistics of distribution, and the associated risks,
costs, and benefits.

Clearly, the maximum benefit from stable iodine prophylaxis is obtained by taking
tablets shortly before exposure to radioiodine or as soon as possible afterwards.
The period of time when the potential for an off-site exposure of the public is
recognized to the time when significant amounts of radioiodine are first
released, can range from a half hour to a day [IC84], and it has been shown else-
where in this document, that with some reactor designs a 24 hour delay can be
expected. Methods of distribution must ensure that timely administration is
possible.

The advantages and disadvantages for distribution options are discussed below:

8.1 Prior-Distr ibut ion

Prior-distribution refers to distribution of stable iodine before the initiation
of the accident sequence. This usually means distribution to individual homes
within the immediate vicinity of the nuclear reactor. Special arrangements can
also be made for having stable iodine readily available at the onset of a serious
reactor accident for on-site workers and for off-site emergency workers. In the



- 19 -

event of an accident local residents are advised by public address systems or
officials to take their stable iodine tablets as prescribed.

The main advantage of prior-distribution is prompt administration. Whether
stable iodine is mailed to residents or delivered directly to their homes,
relevant information and instructions for use will accompany the stable iodine
at time of delivery. This presents an opportunity to educate the public about
the emergency procedures which are in place prior to a nuclear accident and the
emergency protocols which are implemented when an accident occurs. This is
particularly advantageous in sparsely populated areas or in regions where
inclement weather can prevent timely distribution.

A disadvantage of this method is incomplete distribution. A complex distribution
system is required to ensure that all residents of an area possess stable iodine
for prophylaxis. Population increases, migration, loss of tablets, and limited
shelf-life of stable iodine must be accommodated. In addition, storage, retrieval
and replacement are difficult to control since every household is responsible for
managing its own stable iodine tablets.

Other disadvantages are inappropriate ingestion and induction of anxiety. Stable
iodine may be administered in inappropriate situations triggered by other events
such as conventional accidents. Parents may administer their own tablets to their
children in the mistaken belief that this will confer additional protection on
their children.

8.2 Post-Distribution

Post-distribution refers to distribution of stable iodine after the initiation
of the accident sequence. This can mean distribution to residents at their homes
or at designated locations. It can also mean distribution to families at emer-
gency evacuation centres activated at the time of the accident.

This method ensures that stable iodine is administered appropriately and provides
an opportunity to give information on other emergency procedures directly to
residents at the time of the accident, thus reducing misconceptions and anxiety.
This type of distribution can be a cost-effective method in urban centres and
densely populated areas where there is a high probability of reaching everyone
in the affected area. However, this method requires careful planning and
reliance on suitable weather conditions to ensure prompt administration following
a reactor accident.

8.3 Selective Prior-Distribution

Selective prior-distribution refers to the distribution of stable iodine to
special groups, such as schools, hospitals, and other institutions before the
initiation of an accident sequence. This is perhaps the most cost-effective
method of distribution in densely populated areas. As there may be significant
delays in moving institutionalized persons and children, prior-distribution to
such critical groups ensures their protection.
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9. CURRENT DISTRIBUTION PRACTICES

9.1 The Canadian Situation

In Canada, the primary responsibility for ensuring health and safety of the
public in the event of a nuclear emergency rests with the provincial and munici-
pal authorities. The three provinces, Ontario, Québec and New Brunswick, have
all developed radiation emergency plans to respond to serious reactor accidents.
The development of all radiation emergency plans are site specific and no uniform
plan can be adopted nationally. However, there are some fundamental differences
in the underlying principles and practices used in the existing plans. For
example, protective action is based on "projected doses" in some emergency plans
and on "averted doses" in other plans; the action levels which trigger certain
protective measures such as sheltering and evacuation vary; and the size of
emergency planning zones around nuclear power plants are different, etc.

There is a need for the national adoption of the same radiation protection
principles in emergency planning. The AECB Medical Advisers recommend that
guidance governing administration of stable iodine be based on two general
principles:

i) iodine prophylaxis is justified by reducing the radiation risk to the
thyroid;

ii) iodine prophylaxis should be logistically practicable on a cost-effective
basis and should provide the optimum level of radiological protection.

New Brunswick radiation emergency plans specify prior-distribution of potassium
iodide. This is done at a very low cost because there are only a few hundred
residents living within ten kilometres of the station.

Québec contingency plans require prior-distribution of potassium iodide to
emergency workers and to on-site personnel of the Gentilly Industrial Park and
the Bécancour shipyard. Post-distribution to other sectors of the public will
follow international guidelines [PM94].

The current policy of the Ontario Government is to ensure that stable iodine is
available for ingestion during an accident, at the time of radioiodine release.
The Ontario Ministry of the Solicitor General (OMSG) has designated the munici-
pality together with the operator as being responsible to ensure that stable
iodine can be distributed to an area of three kilometres in radius from the
facility within four hours of the onset of the accident sequence.

At Ontario Hydro, iodine prophylaxis consists of post-distribution at designated
centres at the time of the accident, and selective prior-distribution at public
focal points such as schools, hospitals, etc. Important considerations have been
the high population growth and migration rates. Potassium iodide tablets (130 mg)
are stockpiled for distribution.

At AECL's Chalk River Laboratories a post-distribution program with selective
prior-distribution is currently in effect. AECL maintains a supply of potassium
iodide at the laboratories for public use in case of an accident. Discussions
between AECL and the municipalities are underway.
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In some provinces, municipalities are concerned at provincial initiatives to
oblige municipalities to accept the costs and responsibilities attached to the
distribution of potassium iodide. The municipalities want to have site-specific
iodine prophylaxis programs over which they have control and in which the
citizens feel confident.

9.2 Iodine Prophylaxis in Other Countries

In the United States, a dose of 130 mg of potassium iodide (100 mg of stable
iodine) is the standard used. Available data [Cr84] indicate that thirty states
are opposed to post-distribution of stable iodine after occurrence of a nuclear
accident. Only seven states would consider this option. The state of Tennessee
is the only one that has distributed stable iodine to residents in preparation
for such an accident, with a success rate of 66X [Fo83]. It is interesting to
note that 6 states would not distribute stable iodine to emergency workers in the
event of a nuclear accident. The policy of the U.S. Nuclear Regulatory Commission
recommends the stockpiling and distribution of potassium iodide for emergency
workers but does not recommexivl prior-distribution or stockpiling for the general
public [US94].

Sweden has a policy of prior-distribution of KI to the inner emergency planning
zone of 12-15 km. Post-distribution is planned in the event of a severe accident
to cover a radius of 50 km. In Belgium, KI has been distributed to households
and focal points.

In Finland, KI tablets have been stored in a 20 km zone around nuclear power
plants and some communities have undertaken distribution to households. Germany
has stockpiled tablets in facilities up to 10 km from the reactors to be collec-
ted by the public.

Electricité de France has stockpiled stable iodine in each nuclear station; the
Commissariat de l'Energie Atomique has 60,000 tablets, while there are 100,000
tablets stored at the Ministry of Health for distribution by the Red Cross at the
time of an accident.

In summary, most countries appear to have opted for selective prior-distribution
with a greater or lesser component of post-distribution.

10. SUMMARY OF FACTORS WHICH INFLUENCE STABLE IODINE PROPHYLAXIS

a) Dose averted

The dose saved by stable iodine administration is a key element in the optimiza-
tion process and the decision whether to advise stable iodine ingestion or not.
As a general rule, the ICRP [IC91b] does not advise stable iodine ingestion at
dose savings to the population of less than 50 mGy, but does so advise if the
dose saved is 500 mGy or more. This rule of thumb applies to a large population.
Where on-site personnel and off-site emergency workers are concerned, the dose
averted may not easily be calculated since the activities of these groups can not
be readily predicted and the numbers involved are small. Under these circum-
stances, it is recommended that routine stable iodine ingestion in these groups
should be given at the time of an accident, rather than basing the administration
on dose averted.
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b) Population at risk

The population size, its mobility and distribution will influence the distribu-
tion method. A very stable population, or a small population spread over a wide
area, may make prior-distribution the only feasible option. Alternatively, a
larger mobile population may suggest that distribution at the time of the
accident is a viable option. Special groups, such as children, may be more
susceptible to the effects of radiation, and institutionalized persons may be
more difficult to evacuate. Selective prior-distribution may well be the only
option to ensure maximum dose savings in these groups.

c) Time available

The time available for effective distribution may be crucial to the type of dis-
tribution chosen. The most credible multi-unit CANDU reactor accident will
provide at least 24 hours warning before releases to the atmosphere of gaseous
and volatile radionuclides because of its design. In this situation, it becomes
more feasible to consider distribution at the time of the accident than if this
delay were not available. It also allows for better coordination of all protec-
tive measures. With CANDU single units, without vacuum building containment
systems, it is felt that for the most credible accident containment will not be
breached and controlled releases will effectively delay exposure, sufficiently
for stable iodine prophylaxis.

d) Feasibility

Many other factors will influence the type of distribution of stable iodine.
Among these are the availability of an already established distribution network,
the weather, and an effective communications system.

e) Management and Control

Storage facilities, shelf life, availability of supplies, replacement of expired
tablets, and arrangements to replace those tablets lost, all need to be con-
sidered when deciding on the logistics of distribution. It should be remembered
that, even when prior-distribution is chosen, a store of tablets is needed to
ensure that expired and lost tablets are replaced. This will require a replace-
ment program.

Before any iodine prophylaxis program is established, it is advisable to deter-
mine which method provides the optimum level of radiological protection and which
method or combination of methods of distribution is the most logistically
practicable on a cost-effective basis.

11. CONCLUSIONS AND RECOMMENDATIONS

1. Stable Iodine prophylaxis carries a minimal risk, and is effective in
minimizing thyroid dose if ingested in a timely fashion, i.e. no longer
than six hours after exposure.

2. Stable iodine should only be used to avoid exposure resulting from the in-
halation pathway in the early phase of an accident. It has no preventive
role to play in reducing thyroid exposure from the dietary pathway later
in an accident.
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3. The decision to invoke or cease stable iodine administration should be
based on the radiation protection principles of Justification and Optimi-
zation. A program for stable iodine prophylaxis should be logistically
practicable on a cost-effective basis, and provide the optimum level of
radiological protection. It will therefore be site-specific.

4. Stable Iodine administration is recommended at doses to the thyroid
averted of greater than 500 mGy. At doses to the thyroid averted of 50
mGy - 500 mGy, a site specific justification and optimization evaluation
should be conducted. At averted doses less than 50 mGy, stable iodine
prophylaxis may be individually justified.

5. The dosage of stable iodine should conform to the WHO recommendations:
Newborn 12.5 mg, Infant 25 mg, Child 50 mg, Adult 100 mg. Where fractions
of a tablet are required for newborns or infants, the tablet may be dis-
solved in juice or water and an appropriate quantity of the solution given
to the infant.

6. There is a need to integrate stable iodine prophylaxis into the overall
Emergency Plan which should be simple, robust and flexible. As with other
protective measures, plans should also include criteria for stopping the
intervention.

7. Information on emergency procedures such as sheltering, evacuation, and
stable iodine prophylaxis should be made available to physicians and
others in the emergency planning zone around nuclear power plants.

8. Prior-distribution should be adopted for on-site personnel and off-site
emergency workers, who may be exposed for longer periods. It is recom-
mended that routine stable iodine ingestion in these groups should be
given at the time of the accident rather than basing the administration on
dose averted.

9. Where stable iodine administration is deemed appropriate for the general
population, all sections of the population should be offered this protec-
tive measure.

10. Prior-Distribution should be undertaken in sparsely populated areas,
where key demographic factors such as population growth and migration
rates are well known.

11. Where feasible, post-distribution should be undertaken in more densely
populated areas at emergency evacuation centres and combined with
selective prior-distribution to institutions such as schools, hospitals
and nursing homes.

12. The distribution system selected should include provisions for a replace-
ment program.

13. An integral part of any emergency plan, is the establishment of provisions
to review aspects of the plan to ensure that they conform to current
criteria for decision making and that no significant changes have occurred
in such parameters as plant design, population demographics or plant
reliability.
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