NUCLEAR POWER PLANT EMERGENCIES

Nuclear Power Plant Emergencies and
Thyroid Cancer Risk

What New Jersey Physicians Need to Know
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LEarNING OBJECTIVES

. To define what protective measures can be put
in place that will protect the public from radio-
active iodine in the event of a nuclear power
plant accident.

n. To identify the risks and benefits, the most
effective time to administer, and the dosage of
potassium iodide (k1) to be given in the event
of a nuclear power plant accident.

mt. To identify the group of people who received
potassium lodide (k1) distributed by the state
of New Jersey to be taken in the event of a
nuclear power plant accident.

1 Qaeda terrorists initially plotted to attack
U.S. nuclear facilities on September 11,
2001, but decided to defer these targets
for future strikes.” Despite successful regime
~ changes in Afghanistan and Iraq, the risks of fu-
ture terrorist strikes within U.S. borders still ex-
ist.” These developments underscore the need for
physicians to be aware of the civil defense strate-
gies available to mitigate the health effects result-
ing from terrorist attacks against, or unintentional
events within, nuclear facilities. 'This issue is par-
ticularly pertinent for New Jerscy physicians, since
virtually the entire state is within a fifty-mile radius
of a nuclear power plant.

New Jersey has four commercial nuclear reac-
tors and six others within fifty miles of its borders
in Pennsylvania and New York. Three of the four
New Jersey nuclear power planis are located in
Salem County, on an artificial island in the Dela-
ware River. The fourth is located in Ocean County.
New York has two operating reactors located in
Westchester County, approximately fifteen miles
from the New Jersey border. Pennsylvania has
seven reactors: the closest two are in Limerick,
approximately twenty miles from the New Jersey
border. Two more are located at Peach Botiom,
which is approximately forty-eight miles from the
New Jersey border.”

Ifany of these nuclear facilities had a melt-down
accident and its containment walls were breached,
then radioactive cesium (Cs™) and radioactive io-
dine (I') could be released into the atmosphere.
Cesium-137 has a halflife of thirty years and emits
penetrating gamma rays; heavily contaminated ar-
cas would require evacuation. lodine-131 has a half
life of eight days and would primarily affect the thy-
roid gland with its short-range radiation. Exposure
to iodine-131 would be through inhalation and po-
tentially through ingestion of contaminated foods,
particularly mitk.

Children are especially vulnerable to the effects

of radioactive iodine because of their growing thy-
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roid glands. Thyroid cancer risk from radicactive-
iodine exposure can be reduced by blocking thy-
roid radioactive-todine uptake using stable
potassium iodide (k1) and decreasing exposure
through contaminated milk. Feeding cattle stored
hay until the iodine-131 decays away keeps the milk
from becoming contaminated. "This paper will dis-
cuss the history of thyroid radiation exposures and
the risks and benefits associated with k1 use. New
Jersey’s plans for potassium iodide distribution will
be discussed in the context of a possible nuclear
reactor emergency.

Historical EviDENCE

Historical exposures have provided evidence that
irradiation of the thyroid increases cancer risk.
Hiroshima and Nagasaki atomic-bomb survivors
who were less than ten years of age at the time of
exposure had a thyroid cancer risk three times
greater than survivors who were ten to nineteen
years of age at the time of exposure.”

Between 1926 and 1957, infants were treated
with high doses of X-rays to shrink their suppos-
edly enlarged thymus glands, At the time, enlarged
thymus glands were believed to increase the risk
for sudden infant death syndrome. An increased
frequency of benign and malignant thyroid tumors
was found in these children subsequently.’

Marshall Islanders, particularly children, ex-
posed to radioactive iodine from a 1954 nuclear test,
subsequently were shown to have excess rates of
thyroid tumors, hypothyroidism, and resulting
growth retardation.”

On Apnil 26, 1986, an explosion in one of the
nuclear reactors at Chernobyl spewed radiocactive
products into the atmosphere for nine to ten days.
The areas most heavily affected were in Ukraine
and nearby Belarus. In Belarus, the incidence of
childhood thyroid cancer increased to almost one
hundred children per year, a hundred-fold increase
compared to the pre-accident rate.” In the Gomel
region, which has about twice the arca of New Jer-
sey, the average dose, largely from ingested milk,
to the thyroids of children under eighteen years of
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age was about 0.4 Grays (Gy).” [The Gray is the
international physical umit of exposure to ionizing
radiation: one Gray corresponds to the deposition
of one joule of ionizing energy per kilogram of tis-
sue. For scale, one plain chest film (posterior-an-
terior and lateral) has a radiation dose to the bone
marrow of approximately 0.03 to 0.1 milliGrays
(mGy)’].

Three hundred and thirty-three children living
in Ukraine were evaluated and surgically treated
for thyroid cancer from 1986 to 1998.° During the
first four years after the accident, there was a
twenty-fold increase in childhood thyroid cancers,
particularly in the areas with the greatest radiation
exposures. This trend increased to over one hun-
dred and forty fold during the years 1991 to 1995
compared to the pre-accident baseline years. The
children who were younger than cight at the time
of the Chernobyl accident accounted for over 80%
of the total cases. Upon presentation, the children
were frequently found to have aggressive thyroid
tumors with regional metastases.” For children less
than age fifteen at the time of exposure, the in-
creased incidence of thyroid cancer is consistent
with that from X-ray doses, about 4.4 per Gy per
10,000 person-years (L.e., approximately a 2%
chance per Gy in fifty years).” A detectable increase
in the incidence rate of childhood thyroid cancer
has been documented as far as five hundred kilo-
meters from the accident site, with estimated thy-
roid doses as small as 0.05 to 0.1 Gy.ﬁ

Porasstum lopipe: Risks aNn BENEFITS

Potassium iodide is a salt that works by saturating
the thyroid with stable iodine (I""). Once saturated,
the thyroid will not take up radioactive iodine. Ki
is absorbed in the stomach and primarily excreted
by the kidneys.

To be maximally effective, x1 must be given
before the exposure to radioactive iodine; however,
it would still have some protective effect i taken
within §-4 hours afier exposure.’ Its protective
effect lasts approximately twenty-four hours, so it

should be administered daily as long as the nisk of
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Table 1 Recommended Doses of KI for Different Age Groups

AGE EXPOSURE K1 DOSE
(GY) (MG)

Pregnant/Lactating women > 0.05 130
Birth-1 mon. > 0.05 16

1 mon.—3 yrs > 0.05 32
Child 4-18* > 0.05 6
Adults 1840 > 0.1 130
Adults >4o >5 130

*Adolescents approaching adult size (> 70 kg) should receive the full dose {130 mg).
source: Food and Drag Administration, Center for Drug Evaluation and Research coer). Available at www.fda.gov/cder/guid-

ancef4825fnl.htm.

exposure to [ persists, especially if the release of
radioactive iodine mto the atmosphere 1s pro-
tracted.” In these circumstances, evacuation and
sheltering of pregnant and lactaiing women and
neonates should be a priority, since repeat dosing
of kI to these populations is not recommended.’

K1 can either be administered as a saturated
solution (sskr) or as a tablet. It is available over-
the-counter and can be ordered on the Internet.
The tablets have a shelf-life of at least five years. Kr
should be taken after food to minimize stomach
upset. Since infants and small children cannot swal-
low tablets, kI tablets can be dissolved in different
liquids according to taste. The Food and Drug
Administration (Fpa) provides instructions on how
to prepare the tablets; raspberry syrup, milk,
chocolate milk, and orange juice reportedly hide
K’s salty taste well.”

The rpa recommends different k1 dosages ac-
cording to age and estimated exposures. Pregnant
and lactating women should be given k1. However,
as mentioned above, repeated dosing should be
avoided if possible. Neonates are likely to be the
most critical group of concern, since within the first
few days after birth, they have a dramatic increase
in thyroid activity that is critical for brain develop-
ment. They are also at a special risk for exposure
to potassium iodide (k1). The World Health Orga-
nization (wi10} recommends that k1 solution should
be available in all maternity hospitals, which would
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enable a rapid response with an exact daas:atge.Ei
These neonates should be closely monitored with
thyroid stimulating hormone (TsH) measurements
(and free T4 measurements, if indicated) for hy-
pothyroidism after being given x1. Ifhypothyroid-
ism develops, then they should be treated with
thyroid hormone therapy.’ For children up to six-
teen years of age, itis recommended that k1 be used
if the projected thyroid dose is expected to be above
0.05 Gy.’

Studies of atomic bormb survivors in Hiroshima
and Nagasaki indicate that there is little risk of sub-
sequent thyroid cancer in radiation-exposed indi-
viduals over age twenty and virtually no risk in
people ages forty and older.” Consequently, the Fpa
recommends higher thresholds of exposure for
these less susceptible populations: 0.1 Gy for adults
between eighteen and forty years of age and 5.0 Gy
for adults over forty to prevent hypothyroidism.’
(See table 1).

The threshold exposures for children could be
incurred quite far downwind at distances that make
evacuations of large populations impractical. A
1980 study for the National Regulatory Commis-
sion (Nrc) found that, for a median release fraction
of about 20% of a reactor’s inventory of radioac-
tive iodine to the atmosphere, the probability of an
adult inhalation thyroid exposure exceeding 0.10
Gy would be about 80% at a distance of 100 miles
downwind and 50% at 200 miles.” The doses to
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children at the same distances would be at least as
large.

Risks

SIDE EFFECTS

The risk of severe side effects from single k1 doses
in children and young adults is extremely low, ap-
proximately 107 and 10°, respectively.” Older
adults are at an increased risk.

Common acute side effects include: nausea,
vomiting, diarrhea, and stomach pain.” Symptoms
of iodism (1odine toxicity) such as metallic taste,
sore mouth, ulcerated mucous membranes, head-
ache, acate rhinitis, allergic reactions, minor rashes,
and eye irritation with cyelid swelling develop af-
ter prolonged use and generally disappear within a
few days of x1 discontinuation. Potentially serious
side effects from prolonged x1 use include:
iododerma (a rare, but potentially fatal cutaneous
eruption), hypersensitivity reactions, fetal and neo-
natal goiter, hypothyroidism, hyperthyroidism,
potassium toxicity, cardiac irritability, pulmonary
edema, angioedema, periarteriis nodosa, throm-
botic thrombocytopenic purpura (TTp), pustular
psoriasis, and vasculitis.” Patients with systemic
diseases such as rheumatoid arthritis, multiple
myeloma, lymphoma, polyarteritis nodosa, and
subacute glomerulonephritis may be predisposed
to developing iododerma since this condition has
been reported with a higher frequency in these in-
dividuals.” The vast majority of individuals with
these conditions will be older adults. Many of the
severe side-effects will diminish after x’s discon-
tinuation, and, if necessary, corticosteroids can be
used to control the symptoms.”

CONTRAINDICATEONS

Potassium iodide should not be given to individu-
als with known iodine allergy, hypocomple-
mentemic vasculitis, and dermatitis herpetiformis.
Patients with these rare conditions are at an in-
creased risk of severe iodine hypersensitivity.” Pa-
tients with past or present thyroid disorders should
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also avoid K1 since they are at an increased risk of
. 1
side effects.”

DRUG INTERACTIONS

Thyroid function should be closely monitored in
patients taking sulfonamide derivatives, lithium
salts, phenazone, and amiodarone concurrently
with k1. Potassium iodide taken with potassium-
sparing diuretics, such as spironolactone, or with
potassium retaining agents, such as angiotensin-
converting enzyme (ACE) inhibitors, increases the
risk for potassium toxicity.”

BengriTs

THE POLISH EXPERIENCE

Despite the potential risks, the Polish experience
with k1 during the Chernobyl accident revealed few
adverse effects. Over ten million children, sixtcen
years of age and under, and approximately seven
million aduits received at least one dose of k1 pro-
phylaxis in Poland. Side effects were primarily mi-
nor gastrointestinal distress and skin rashes. Only
0.37% (12 of 3,214) newborns receiving single 15mg
doses of k1 showed transient increases i TSH and
decreases in free T4.” Two severe adverse reactions
occurred in adults with known iodine allergies.
Nauman and Wolff conducted a preliminary four-
year follow-up study on a sample of 52,092 indi-
viduals from this Polish population {0.09% of the
total population of Poland) with a 66% response
rate. They found that two children had thyreid
nodules, but no thyroid cancers developed in the
12,641 children ages sixteen and under who were
partof the sample.ﬂ Long-term follow-up is needed
to assess the development of any future thyroid

Cancers.

ADDITIONAL MEASURES

Beyond the use of k1, Polish officials implemented
additional protective measures to reduce radioac-
tive 1odine exposure. Cows were not allowed to
feed in pastures until twenty days after the accident.

Children and pregnant or lactating women were
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forbidden to drink radioactive milk. The govern-
ment provided powdered milk to all children un-
der the age of four through numerous distribution
centers. Children and pregnant or [actating women
were also advised to eat a minimum of fresh veg-
etables until twenty days after the accident.”

NEw JERSEY’s K1 DISTRIBUTION PLAN

New Jersey received a total of 722,000 k1 pills from
the NRc in April 2002.” New Jersey officials dis-
tributed approximately seventy-five thousand pills
to individuals who volunteered to receive them and
who live or work within a ten-mile radius of a
nuclear power plant. These individuals received a
one day supply (i.e., one tablet) to use in the event
of a release of radioactive iodine. The state pro-
vided ki1 recipients with education on the proper
use and storage of these tablets.”

Most of the x1 tablets received from the vrc have
been stockpiled in the region within ten miles of
New Jersey nuclear power plants and at select lo-
cations (including schools and day care centers)
outside the 10-mile radius to which the people in-
side might be evacuated. Individuals living outside
of the ten-mile radius would need to purchase their
own kt. However, in 2002, Congress passed the
Public Health Security and Bioterrorism Prepared-
ness and Response Act of 2002 (Public Law No:
107-188) which instructs the secretaries of Health
and Human Services and Veteran's Affairs to make
K1 available to those living within twenty miles of
nuclear power plants.” Action on this legislation is
on hold until the National Academy of Sciences
study on the best strategy for distribution is as-
sessed.”

What should New Jersey physicians recom-
mend to their patients living outside the ten- to-
twenty-mile radius of a nuclear power plan¢?

Based on United States experience, the likeli-
hood of a arge release of radioactive iodine from a
power reactor in or near New Jersey is low. One
hundred power reactors have operated in the
United States for an average of about twenty years
each without such a release. In the 1979 accident
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at the Three Mile Island unit outside Harrisburg,
Pennsylvania, about half of the radioactive iodine
was released from the reactor core, but very little
leaked from the containment unit.

On the basis of past experience, therefore, in
New Jersey, the risk over the next five years of an
exposure caused by a nuclear power plant accident
is estimated to be less than 2%. If such a release
were to occur, only those downwind would be at
risk. In a steady wind, more than go% of the popu-
lation at a given distance would be outside the
plume.*

In summary, &1 is a relatively safe and effective
salt that protects only the thyroid from exposure
to radioactive iodine that might be released during
a nuclear reactor emergency. To be effective, it
must be taken either immediately before, concur-
rently with, or within three to four hours after the
radiation exposure. Neonates, within the first few
days oflife, are a critical group that would require
exact dosing of k1 and careful monitoring for sub-
sequent hypothyroidism. Infants, small children,
and adolescents up to eighteen years of age are at
high risk of thyroid cancer from radicactive iodine
exposure, and reassuringly, are the groups least
likely to have serious side effects from k1. Other
important countermeasures include evacuation and
sheltering for regions near a reactor accident, feed-
ing cows stored hay, and providing uncontami-
nated, powdered milk for infants, children, and
pregnant or lactating women.  NyM
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CME EXAMINATION DEADLINE DECEMBER 31, 2005

T take this test online go to Abtp//ecoe.umdnj.edujonline or turn to page 97.

71. In the event of a nuclear facility melt-down, human exposure to radioactive iodine™ would be through:

A. Inhalation

B. Ingestion of contaminated foods, particularly milk

¢. Both of the above
p. None of the above

72. The risk of thyroid cancer following an exposure to radioactive products Is greatest among;:

A. The elderly
8. Infants and children
¢. Teens

p. Middle-aged adults

3. Potassium iodide (ki) is a salt that protects against thyroid cancer by:
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- Saturating the thyroid with stable iodine so that there will not be an uptake of radioactive iodine
- Displacing radioactive iodine already in the thyroid
- Interfering with the action of thyroid stimulating hormone {TsH)
. All of the above
74. The maximum protective effect of K1 is achieved:
A. Iftaken 24 hours following exposure to radioactive iodine

OO m

8. If taken immediately before, concurrently with, or within 4 hours after exposure to radioactive io-
dine
c. Iftaken 48 hours before exposure to radioactive iodine
. Iftaken 36 hours following exposure
75. Neonates are a group of concern in the event of a nuclear accident because:
A. Thyroid activity is critical for brain development and hypothyroidism needs to be watched for afier
giving K1
B. KIis lethal in this age group
C. Kiis unable to be absorbed and metabolized in the newborn
D. K is likely to cause hyperthyroidism
76. The risk of severe side effects from single k1 doses in children and adults is:
a. Thgh
B. Medium
c. Low
D. None existent
77- In addition to giving k1 and evacuating and sheltering the population, other countermeasures to protect
exposure to radioactive fallout include:
A. Feeding cows stored hay and substituting non-contaminated powdered milk, especially to all chil-
dren and lactating women
B. Keeping fresh vegetables, grown in the area of fallout, out of the food supply for twenty days after
the accident
¢. None of the above
p. Aand B
78. New Jersey officials distributed potassium iodide (k1) pills to:
A. Individuals who volunteered to receive them and live or work within a ten-mile radius of a nuclear
power plant
B. Allindividuals living within 100 miles of a nuclear power plant
. Only children living within 50 miles of a nuclear power plant.
. All individuals living within 50 miles of a nuclear power plant.
79. Potassium iodide (k1) should not be given to:
A. Indivduals with knowniodine allergy, hypocomplementemic vasculities, and dermatitis herpetiformis
B. Individuals with past or present thyroid disorders who are at increased risk of side effects
c. Both of the above
D. None of the above
80. Patients should be watched for drug interactions with i if:
a. They are taking sulfonamide derivatives, lithium salts, phenazone, and amiodarone
B. They are taking potassiom-sparing diuretics or with potassium retaining agents
¢. Both of the above
p. None of the above
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