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Radiation Disasters and Children

ABSTRACT. The special medical needs of children
make it essential that pediatricians be prepared for radi-
ation disasters, including 1) the detonation of a nuclear
weapon; 2) a nuclear power plant event that unleashes a
radioactive cloud; and 3) the dispersal of radionuclides
by conventional explosive or the crash of a transport
vehicle. Any of these events could occur unintentionally
or as an act of terrorism. Nuclear facilities (eg, power
plants, fuel processing centers, and food irradiation fa-
cilities) are often located in highly populated areas, and
as they age, the risk of mechanical failure increases. The
short- and long-term consequences of a radiation disaster
are significantly greater in children for several reasons.
First, children have a disproportionately higher minute
ventilation, leading to greater internal exposure to radio-
active gases. Children have a significantly greater risk of
developing cancer even when they are exposed to radia-
tion in utero. Finally, children and the parents of young
children are more likely than are adults to develop en-
during psychologic injury after a radiation disaster. The
pediatrician has a critical role in planning for radiation
disasters. For example, potassium iodide is of proven
value for thyroid protection but must be given before or
soon after exposure to radioiodines, requiring its place-
ment in homes, schools, and child care centers. Pediatri-
cians should work with public health authorities to en-
sure that children receive full consideration in local
planning for a radiation disaster.

ABBREVIATIONS. TMI, Three Mile Island; KI, potassium iodide;
SI, International System of Units; CT, computed tomography
(scan); NRC, Nuclear Regulatory Commission; FDA, Food and
Drug Administration.

INTRODUCTION

Several large-scale radiation disasters have be-
fallen children in the past, including the deto-
nation of nuclear bombs in Hiroshima and Na-

gasaki, Japan; the nuclear power plant disaster in
Chernobyl; and exposure to a cesium-127 source
scavenged from an abandoned hospital in Brazil. In
each case, postevent medical surveillance proved
that children were disproportionately affected after
radiation exposure.

In recent years, accidents at several nuclear power
plants have proven such events can lead to the wide-
spread discharge of radioactive materials into the
environment. Additionally, acts of domestic terror-

ism involving chemical and biological weapons have
recently occurred, raising fears about the intentional
use of a radioactive device against a civilian popula-
tion that includes children. Because of these threats,
there is a need for pediatricians to become more
informed about the issues that would occur in the
case of a significant radiologic event.

HISTORY
Several historical events have shaped our under-

standing of the consequences of radiation disasters.
The atomic bomb blasts in Hiroshima and Nagasaki
in 1945 during World War II remain the most defin-
ing moments in the consequences of a nuclear expo-
sure. The Avalon Project at Yale Law School1 esti-
mated that in Hiroshima, the bomb released power
equal to 15 kilotons of trinitrotoluene (TNT), killing
an estimated 66 000 and injuring 69 000 of the 255 000
exposed. The Nagasaki release, containing a 22-kilo-
ton force, killed an estimated 39 000 among the
195 000 exposed. In 1954, fallout from nuclear weap-
ons tests on Bikini Island fell on neighboring islands,
producing significant health effects in children; of 32
Marshallese exposed to fallout before 20 years of age,
4 developed thyroid cancer and 1 developed leuke-
mia.2 This event led the American Academy of Pe-
diatrics to establish the Committee on Radiation
Hazards and Congenital Malformations, the prede-
cessor to the Committee on Environmental Health.2

On March 28, 1979, a nuclear power plant, Three
Mile Island (TMI), had a near “meltdown” (overheat-
ing of the fuel rods and a release of radiation) that
produced negligible doses among people living near-
by: a maximum of 0.001 Sv (100 mrem) and an aver-
age dose to the community of 0.00001 Sv (1 mrem).3
The TMI accident brought into question the safety of
nuclear power plants and the potential consequences
of a power plant mishap.4,5 Immediate administra-
tion of potassium iodide (KI) was recommended for
those living near TMI, but it was not available. There
were no biological effects of the exposure but signif-
icant psychologic sequelae occurred.4,5

In April 1986, a power plant in Chernobyl (also
known as Chornobyl), Ukraine, had a mishap that
produced a meltdown. The area around the reactor
was heavily contaminated with plutonium, cesium,
and radioactive iodine. An estimated 120 million Ci
of radioactive material were released, contaminating
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more than 21 000 km2 of land, with the greatest areas
of fallout occurring in Ukraine, Belarus, and the Rus-
sian Federation.6,7 Approximately 135 000 people
were permanently evacuated.8 A total of almost 17
million people, including 2.5 million younger than 5
years of age, were exposed to excess radiation.7 The
first delayed effect, beginning 4 years after exposure,
was the occurrence of a great excess of cases of
thyroid cancers in children and adolescents, espe-
cially among those younger than 4 years of age at the
time of the accident.9 Seventeen years later, the area
remains uninhabited because of persistent concerns
about environmental contamination.

On September 13, 1987, in Goiania, Brazil, a lead
canister containing 1400 Ci of radioactive cesium was
left in a building when it was abandoned by radio-
therapists. The canister was taken and opened by
looters. Children played with the material inside,
rubbing it on their bodies so they glowed in the
dark.10 An estimated 250 people were exposed, with
some receiving radiation doses as high as 10 Sv (1000
rem); 4 died of acute radiation sickness.11 Victims
developed radiation-associated illnesses that ranged
from significant skin injury (radiation burns) to acute
radiation sickness to long-term health problems.
Thousands of people rushed to emergency depart-
ments because of fear of contamination.10 Mitigation
efforts required the removal of 6000 tons of clothing,
furniture, dirt, and other materials.12

SOURCES OF POTENTIAL RADIATION EXPOSURE
Humans are exposed to an estimated average of

0.0036 Sv (360 mrem) of radiation annually. This
radiation exposure comes from a number of natural
and manmade sources, including cosmic radiation
and radon, cigarette smoke, medical devices, home
appliances, and pharmaceutical agents. Air flight is
associated with cosmic radiation exposure; a flight
from New York to London results in an estimated
0.00005 to 0.0001 Sv (5–10 mrem) of radiation expo-
sure. Radiation exposure from medical radiography
can range from 0.00005 to 0.0001 Sv (5–10 mrem) for
a chest radiograph to as much as 0.05 Sv (5000 mrem)
for computed tomography (CT).13

Radiologic threats can be unintentional or inten-
tional. Unintentional threats include power plant di-
sasters such as Chernobyl and TMI. Intentional
threats are associated with military conflict or terror-
ism. Three major types of radiation disaster threats
are 1) the detonation of a nuclear weapon; 2) damage
of a facility that contains nuclear material (eg, a
nuclear waste reprocessing facility, food irradiation
plant, or nuclear power plant); and 3) dispersal of
nuclear material, either by detonation of a conven-
tional explosive (a radioactive dispersal device or
“dirty bomb”) or the release of nuclear materials in
transit. Any of these occurrences could result from
human error or terrorist activity.

Terrorist use of a radioactive dispersal device is
considered the most likely present-day threat.14 Ra-
dioactive dispersal devices are designed to use ra-
dioactive material obtained from relatively accessible
sources, such as university research laboratories or
hospital radiation therapy centers.14,15 Although

they would not produce significant damage to
nearby structures, these devices could render an area
uninhabitable; as little as 1 Ci of radioactive material
can be dispersed several blocks, forcing evacuation
and closure of that area.

In the United States, there are 103 active nuclear
reactors in 66 power plants across 31 states.16 Nu-
clear power plants pose several distinct radiation
risks. The most important of these risks is the poten-
tial for release of radioiodines into the environment.
Additionally, spent reactor fuel rods, which are typ-
ically retained by the nuclear power plant for many
years, present a radiation hazard that is distinct from
an incident that releases a radioactive cloud.

Since the 1990s, the possibility of a terrorist group
creating a nuclear weapon has become more possi-
ble.17 A low-yield detonation device (�10 kilotons)
would require only a small amount of plutonium or
highly enriched uranium, both of which are thought
to be obtainable in the current era.10

RADIATION CHARACTERISTICS AND
TERMINOLOGY

Unstable atoms, in an effort to achieve stability,
emit energy in the form of ionizing radiation. Ioniz-
ing radiation is a type of high-frequency energy that
has adverse biologic effects, including damage to
DNA, production of free radicals, disruption of
chemical bonds, and production of new macromole-
cules.17,18 Ionizing radiation can be particulate and
electromagnetic. Radionuclides, elements that emit
ionizing radiation, exist naturally (eg, uranium) or
can be manmade (plutonium).

There are 5 types of ionizing radiation: �-particles,
�-particles, �-rays, x-rays, and neutrons.14 Each has
different characteristics and behaviors. �-Particles
consist of 2 protons and 2 neutrons; they are ex-
tremely heavy with a limited ability to penetrate
clothing or skin. However, when inhaled or ingested,
they can penetrate epithelial tissue layers to a 50-�m
depth, sufficient to produce cellular injury (explain-
ing the association between the �-emissions of in-
haled radon and development of lung cancer). �-Par-
ticles, consisting of electrons only, have greater
penetrance than do �-particles. They can produce
internal injury when inhaled or ingested as well as
skin injury. Unlike �-particles, which originate pri-
marily from natural sources, �-particles most com-
monly come from radionuclides used in medicine
(eg, xenon) or created as by-products of nuclear re-
actors (eg, radioactive iodines).19 Neutrons are a
powerful but uncommon type of radiation, emitted
only after a nuclear detonation. Neutrons are highly
destructive, producing 10 times more tissue damage
than �-rays produce.15

�-Rays and x-rays are part of the electromagnetic
spectrum. Unlike �- and �-particles, these rays have
no mass. �-Rays are emitted from radioactive mate-
rials, including cesium and cobalt, or after a nuclear
detonation. Having high energy and no mass, �-rays
are highly penetrant. X-rays, which are unlikely to be
encountered in a radiation disaster, transfer energy
along shorter paths with little scatter, whereas neu-
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trons have greater mass and transfer energy along
longer paths.

The units of measure of energy absorbed from
x-rays and �-rays are the rad (radiation absorbed
dose) and the rem (roentgen equivalent man—a
weighting or quality factor). The rem is based on
greater relative biologic effectiveness (RBE) of doses
from particulate radiation, such as neutrons. Thus,
(rem) � (rad) � RBE. The rad and rem have been
replaced by Gray (1 Gy � 100 rad) and Sievert (1
Sv � 100 rem), respectively, in accordance with the
International System of Units (SI). The unit of activity
for radiation emission of a radionuclide is Ci (curie)
or, in SI, the Becquerel (Bq). These units and other
terminology are summarized in the Appendix. The
radionuclides and radioactive emissions associated
with a radiation disaster are listed in Table 1.

CONSEQUENCES OF A RADIATION DISASTER

Radiation Biology
Radiation exposure can be divided into external,

internal, whole body, or partial body. Internal irra-
diation can occur after inhalation of a radioactive gas
or ingestion of contaminated food (including pro-
duce, grains, and milk from goats or cows that have
been grazing on contaminated fields). Radiation ef-
fects can be direct, interacting with target tissues; or
indirect, producing free radicals or other harmful
molecules. The cellular effects of radiation are highly
variable, correlating directly with the cell’s typical
rate of division and inversely with the extent of cell
differentiation.14 The sensitivity of tissues to radia-
tion, from most to least, is: lymphoid � gastrointes-
tinal � reproductive � dermal � bone marrow �
nervous system. Ionizing radiation produces chro-
mosome breaks in a variety of somatic cells; these
breaks can persist for decades after exposure and
may account for increased rates of cancer after irra-
diation. Other significant modulators of cellular in-
jury after radiation exposure include dose, type of
radiation, and age of the exposed person.17

Health Effects
Health effects after a radiation exposure will de-

pend greatly on the circumstances surrounding the
release. For example, after detonation of a nuclear

weapon or radioactive dispersal device, there may be
thermal or blast injury in addition to radiation expo-
sure. In contrast, a nuclear power plant disaster can
produce a radioactive cloud with no associated blast.

Specific health outcomes after radiation exposure
are typically divided into short-term and long-term;
short-term effects appear within days to weeks after
exposure, and long-term effects appear months to
years later. Short-term effects are dependent on the
degree of radiation exposure and the tissue irradi-
ated. Nausea and vomiting appear after exposures as
little as 0.75 to 1.0 Gy (75–100 rad); a hematopoietic
syndrome (severe lymphoid and bone marrow sup-
pression) typically appears after 3.0 to 6.0 Gy (300–
600 rad) exposures and may cause death in 8 to 50
days. Postirradiation lymphocyte counts correlate
strongly with dose received; if the lymphocyte count
decreases by more than 50% within 24 to 48 hours, a
moderate radiation exposure or worse has occurred.
Bone marrow and lymphoid depression lead to ane-
mia and an increased risk of infection; the decrease in
platelets can lead to generalized bleeding.15 The
mean lethal dose (LD50/60), that is, the radiation dose
for which 50% of an exposed population would be
expected to die within 60 days, is 4.0 Gy (400 rads).
Long-term effects (described below), include psycho-
logic injury and increased cancer risk.

VULNERABILITIES IN CHILDREN
Children have a number of vulnerabilities that

place them at greater risk of harm after radiation
exposure. Because they have a relatively greater
minute ventilation compared with adults, children
are likely to have greater exposure to radioactive
gases (eg, those emitted from a nuclear power plant
disaster). Nuclear fallout quickly settles to the
ground, resulting in a higher concentration of radio-
active material in the space where children most
commonly live and breathe. Studies of airborne pol-
lutants are needed to test the long-held belief that the
short stature of children brings them into greater
contact than adults with fallout as it settles to earth.
Radioactive iodine is transmitted to human breast
milk, contaminating this valuable source of nutrition
to infants. Cow milk, a staple in the diet of most

TABLE 1. Radionuclides Produced After a Radiation Disaster

Element Symbol Source Radiation Respiratory
Absorption

Gastrointestinal
Absorption

Primary Toxicity Treatment

Americium 241Am NWD Alpha 75% Minimal Skeletal, liver deposition,
bone marrow
suppression

DTPA, EDTA

Cesium 137Ce MF Beta, gamma Complete Complete Whole body irradiation Prussian blue
Cobalt 60Co MF, FI Beta, gamma High �5% Whole body irradiation Supportive
Iodine* 131I NWD, NPP Beta, gamma High High Thyroid ablation, cancer Potassium iodide
Phosphorous 32P MF Beta High High Rapidly dividing cells Aluminum hydroxide

antacids
Plutonium 238,239Pu NW, NWD Alpha, gamma High Minimal Lung, bone, liver DTPA, EDTA
Strontium 90Sr NWD Beta, gamma Limited Moderate Bone-follows calcium Supportive

Adapted from Jarrett DG. Medical Management of Radiological Casualties. Bethesda, MD: Armed Forces Radiobiology Research Institute;
1999.
NWD indicates nuclear weapon detonation; DTPA, diethylenetriaminepentaacetic acid; EDTA, edetic acid (ethylene-dinitrillo tetraacetic
acid); MF, medical and research facilities; FI, food irradiation facilities; NW, nuclear reactor waste sties; NPP, nuclear power plants.
* There are numerous radioiodines, including 132I. However, 131I is the most prevalent and clinically important radioisotope.
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children, can also be quickly contaminated if radio-
active material settles onto grazing areas.

In utero exposure to radiation also has important
clinical effects, depending on the dose and form of
the radiation; transmission of radionuclides across
the placenta may occur, depending on the agent.
After exposures to external radiation, fetal doses of
0.60 Sv (60 rem) have produced small head size and
mental retardation (in Japanese atomic bomb survi-
vors), when exposures occurred between 8 and 25
weeks of gestational age.2 A dose-response effect
was found in the occurrence of small head size with-
out mental retardation, which occurred in fetuses
exposed to �0.2 Sv (�20 rem) between weeks 4 and
17 of gestation.

Radiation-induced cancers occur more often in
children than in adults exposed to the same dose.
Finally, children also have mental health vulnerabil-
ities after any type of disaster, with a greater risk of
long-term behavioral disturbances.20–22

MANAGEMENT
A radiation disaster would be followed by a mas-

sive, integrated federal, state, and local public health
response. Relevant consequence management agen-
cies at a federal level would include the US Depart-
ment of Homeland Security, the Environmental Pro-
tection Agency, the Federal Emergency Management
Agency, the Nuclear Regulatory Commission (NRC),
the Department of Energy, and the Department of
Justice. State and local departments of health, work-
ing closely with federal agencies, would develop the
appropriate local response, for example, initiation of
the emergency broadcast system, the implementa-
tion of disaster or evacuation plans, recommenda-
tions for evacuation versus sheltering, instructions to
begin the administration of KI, and the creation of
local shelters for displaced families.

Evacuation and Sheltering
Evacuation is the most important action after a

radiation release has occurred, particularly after a
radioactive cloud release in which there is time to
escape exposure. However, in previous power plant
mishaps, the radioactive cloud dispersed in minutes,
making immediate evacuation impossible. More-
over, given the magnitude of the task of evacuating
an entire population, which could include more than
500 000 residents (on the basis of the location of
existing plants), evacuation plans may fail. Evacua-
tion can be extremely chaotic, leading to motor ve-
hicle crashes and other injuries, so caution should be
exercised. Relocation may be temporary or long-
term, depending on the environmental persistence of
radioactivity. The decision to recommend rehabita-
tion versus long-term relocation is made by federal,
state, and local agencies on the basis of projected
radiation dose levels, the environmental persistence
of the radionuclide, physical damage to roads and
buildings, and other factors that could affect the
safety of the population.23 If evacuation is impossi-
ble, a safe place should be sought within the home or
another building. For example, the shielding factor
(the ratio of dose received inside the structure to the

dose which would be received if the structure were
not in place23) for �-rays after a radioactive cloud
release is 0.9 for a wooden frame structure, 0.6 for a
home basement, 0.4 for the basement of a masonry
home, and 0.2 for a large office or industrial build-
ing.23 The duration of sheltering required will de-
pend on the extent of environmental contamination.
Families should follow the instructions provided
through the local emergency broadcasting system.

Treatment
The management of the child who has sustained

significant radiation exposure is dependent on the
type and degree of exposure as well as the presence
of concomitant injuries.14 Principles of disaster man-
agement, including containment, decontamination,
prehospital care, and field triage, should be fully
employed.14 The first phase of managing pediatric
radiation victims will be to determine if topical de-
contamination is warranted. Removal of clothing is
responsible for more than 90% of the effectiveness of
decontamination after a chemical or radiation expo-
sure.19 With the implementation of disaster proto-
cols, emergency medical services will establish
“hot,” “warm,” and “cold” zones; contaminated vic-
tims will be decontaminated in the field and then
transported to a health care facility. However, be-
cause disaster victims may come to health care facil-
ities by private vehicle, potentially bringing radioac-
tive materials with them, hospitals and urgent care
facilities should develop their own plans for man-
agement of a contaminated victim. The hospital ra-
diation safety officer is a vital consultant in the man-
agement of patients; radiation detection devices
should be placed at the site of care. Additionally, a
site for the placement of contaminated clothing
should be established. The skin should be washed
with warm water; measures should be taken to pre-
vent hypothermia. Children with radioactive mate-
rial embedded in skin should undergo careful dé-
bridement that minimizes further tissue injury. Care
to skin burns should be minimal; irrigation alone is
recommended.15,23 Irrigation solutions should be col-
lected in containment vessels and disposed of prop-
erly.

Children who have no external contamination (eg,
those who have inhaled radioactive material) can be
treated according to routine protocols. However, bi-
ologic fluids, including saliva, blood, urine, and
stool, may be contaminated and require special han-
dling precautions.

Initial medical management includes careful as-
sessment of airway, breathing, and circulation, par-
ticularly when there is the potential for blast or ther-
mal injury.14 Surgical intervention, if warranted,
should be performed as soon as possible, ideally
within 48 hours of irradiation before wound healing
and immunity become impaired.15

Specific pharmacotherapy for victims of significant
radiation exposure is limited; the decision to use
these agents should be made after consulting with an
authority on clinical management of radiation vic-
tims (eg, a consultant from the NRC or a radiation
therapist). KI administration is the cornerstone of

1458 RADIATION DISASTERS AND CHILDREN



preventive treatment after known or suspected ex-
posure to radioactive iodine (radioiodines are com-
mon by-products of nuclear power plant activities
and, therefore, likely to be emitted after a power
plant incident).14 Other drugs have been suggested14

but have not been proven effective or without seri-
ous adverse effects, especially in children.

KI is the same compound used, in smaller quanti-
ties, to iodize table salt. When ingested immediately
before, during, or shortly after exposure to radioio-
dines, KI “floods” the thyroid, blocking uptake of
inhaled or ingested radioiodines. When taken
promptly after a radioiodine release and at proper
dose, KI is effective in preventing radiation-induced
thyroid effects.9 The Food and Drug Administration
(FDA) currently recommends that KI be adminis-
tered only after certain levels of radioiodine expo-
sure, on the basis of risk-benefit analyses derived
from the Chernobyl disaster, in which more than 18
million children and adults in Poland (immediately
adjacent to Ukraine and Belarus) received at least 1
dose of KI.9,24 The FDA recommends adhering to the
guidance about the threshold for intervention and
appropriate dosing but also recognizes that “. . . the
exigencies of any particular emergency situation may
mandate deviations from those recommendations.
With that in mind, it should be understood that as a
general rule, the risks of KI are far outweighed by the
benefits with regard to prevention of thyroid cancer
in susceptible individuals.”25

Children and pregnant or lactating women should
begin taking KI if the predicted thyroid exposure, as
projected by government sources, is 0.05 Gy (5 rad)
or more (Table 2).9 Short-term adverse effects asso-
ciated with KI use in Poland were generally mild,
consisting of gastrointestinal tract distress or rash.

KI administration to newborns has been associated
with evidence of transient decreases in thyroxine
along with increases in thyroid-stimulating hor-
mone. The FDA has therefore recommended that
newborns who receive KI have their thyroid function
monitored. On the basis of the rate of thyroid hor-

mone synthesis in the newborn, monitoring of thy-
roid function by measurement of thyroid-stimulating
hormone activity 2 to 4 weeks later should be suffi-
cient after a single KI dose; longer periods would be
needed for newborns who receive more than 1 dose
of KI. The FDA has recommended KI for pregnant
women for self-protection and for the protection of
the fetus.9 However, repeated KI dosing by pregnant
women could produce neonatal hypothyroidism.
The risks versus benefits of continued KI dosing by
pregnant women depend on the probability of con-
tinued radioiodine exposure.

Radioiodine and KI are secreted into breast milk.
For lactating women and their infants, expert con-
sultants have firmly recommended that infants of
exposed mothers should not breastfeed because of
the risk to exposed infants of additional exposure to
radioiodine from breast milk. Exposed women
should temporarily cease breastfeeding unless there
are no alternatives.24 (This is contrary to FDA advice
suggesting that infants whose mothers receive KI
after radioiodine exposure may breastfeed.9)

The FDA has recommended against repeated dos-
ing of KI in pregnant women and neonates unless
other protective measures (ie, evacuation, sheltering,
and control of the food supply) are unavailable.25

Young infants requiring repeat doses of KI should
have their thyroid function closely monitored, and
therapy with thyroid hormone should be instituted
in cases in which hypothyroidism develops.9 KI
should not be given to individuals with known io-
dine sensitivity or to those with dermatitis herpeti-
formis or hypocomplementemic vasculitis (both rare
conditions associated with an increased risk of iodine
hypersensitivity). KI should be used with caution in
individuals with thyroid disease (such as multinod-
ular goiter, Graves disease, and autoimmune thy-
roiditis), especially if dosing extends beyond a few
days.25 Such individuals should have monitoring of
thyroid function.

KI is currently made as a 130-mg and a 65-mg
tablet. The tablet can be placed in any liquid and
administered in an appropriate volume. Super satu-
rated potassium iodide (SSKI) drops are available
and can be administered if necessary; however, at
their concentration of 1000 mg/mL, accurate dose
titration for children would be difficult. The FDA has
also released recent guidance for home preparation
of KI for infants in children26,27 (Tables 3 and 4). The
FDA statement emphasizes the need to place KI in a
tasty solution, because it is very salty; raspberry
syrup best disguises the taste of KI. KI mixed with
low-fat chocolate milk, orange juice, or flat soda (for
example, cola) has an acceptable taste. Low-fat white
milk and water do not hide the salty taste of KI.26,27

The protective effects of a dose of KI last approx-
imately 24 hours. The need for more than a single
dose will depend on several factors, including the
ability to quickly evacuate the area of radiation con-
tamination. If evacuation is not possible, KI should
be given for the persistent presence of radioiodines
(which have half-lives ranging from 5 hours to 7
days). Recommendations for continued dosing
should be made by the Environmental Protection

TABLE 2. Guidelines for KI Administration*9,24

Patient Exposure,
Gy (rad)

KI Dose
(mg)

�40 y of age �5 (500) 130
18 through 40 y of age �0.1 (10) 130
Adolescents 12 through 17 y of age† �0.05 (5) 65
Children 4 through 11 y of age �0.05 (5) 65
Children 1 mo through 3 y of age‡ �0.05 (5) 32
Birth through 1 mo of age �0.05 (5) 16
Pregnant or lactating women �0.05 (5) 130

* KI is useful for exposure to a radioiodine only. KI is given once
only to pregnant women and neonates unless other protective
measures (evacuation, sheltering and control of the food supply)
are unavailable.
Repeat dosing should be on the advice of public health authorities.
† Adolescents weighing more than 70 kg should receive the adult
dose (130 mg).
‡ KI from tablets or as a freshly saturated solution may be diluted
in water and mixed with milk, formula, juice, soda, or syrup.
Raspberry syrup disguises the taste of KI the best. KI mixed with
low-fat chocolate milk, orange juice, or flat soda (eg, cola) have an
acceptable taste. Low-fat white milk and water did not hide the
salty taste of KI.
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Agency, the NRC, or other federal or state agencies
that will be conducting environmental assessment.
Radioactive dispersal devices generally would not
contain radioiodines, so administering KI after deto-
nation of a radioactive dispersal device would be
inappropriate.

Other aspects of clinical care after radiation expo-
sure are listed in Table 5 and include serial complete

blood cell counts with close monitoring of absolute
lymphocyte count, administration of antiemetics as
needed, rigorous infection control, and aggressive
treatment of infectious illnesses. Management of in-
fection is the mainstay of therapy, because victims
have significant immunosuppression; neutropenia
and lymphopenia may last for several weeks.15,19

Should a severe radiation exposure occur, other in-
terventions to consider (although sufficient data are
currently lacking) include administration of hemato-
poietic growth factors, (eg, granulocyte colony-stim-
ulating factor) and HLA antigen typing for victims in
whom the need for bone marrow transplantation is
anticipated.17 Available data suggest that granulo-
cyte- and granulocyte-macrophage colony-stimulat-
ing factors should be administered within 24 to 72
hours of radiation exposure for optimal efficacy.23

Management of the psychologic harm to children
after a radiation disaster requires that pediatricians
provide advice to parents and supportive counseling
to children and families.28–31 Pediatricians should
screen children closely for the presence of adjust-
ment reactions and stress responses after a disaster
has occurred. They should additionally assist parents
in identifying the early signs of adjustment reactions,
particularly in toddlers and other children who may
have difficulty verbalizing their feelings. Finally,
children should be referred for mental health ser-
vices in a timely manner when behavioral distur-
bances are found.32

Other specific clinical recommendations are avail-
able from the Oak Ridge Institute for Science and
Education,18 from the Armed Forces Radiobiology
Research Institute,19 and in recent clinical re-
views.14,17

LATE EFFECTS

Cancer
Among long-term injuries to children, carcinogen-

esis is most important. Studies suggest that radiation
exposure during childhood is associated with a
greater risk of cancer than is exposure at other ag-
es.4,13 For example, the risk of breast cancer is in-
creased in women who are exposed to high levels of
radiation as children, especially if the radiation ex-
posure occurs before the pubertal development of
breast tissue.13,33–35 A peak in childhood leukemia
occurred 5 to 6 years after the detonation of the
nuclear bomb in Hiroshima and Nagasaki. There
were 46 cases among those who were then younger

TABLE 3. Guidelines for Home Preparation of KI Solution
Using 130-mg Tablet26

• Put 1 130-mg KI tablet in a small bowl and grind into a fine
powder with the back of a spoon. The powder should not
have any large pieces.

• Add 4 tsp (20 mL) of water to the KI powder. Use a spoon to
mix them together until the potassium iodide powder is
dissolved in the water.

• Add 4 tsp (20 mL) of milk, juice, soda, or syrup (eg,
raspberry) to the KI/water mixture. The resulting mixture is
16.25 mg of KI per teaspoon (5 mL)

• Age-based dosing guidelines:
• Newborn through 1 mo of age: 1 tsp
• 1 month through 3 y of age: 2 tsp
• 4 years through 17 y of age: 4 tsp (if child weighs more

than 70 kg, give 1 130-mg tablet)
How already prepared potassium iodide mixture should be

stored:
Potassium iodide mixed with any of the recommended

drinks will keep for up to 7 days in the refrigerator.
The FDA recommends that the potassium iodide drink

mixtures be prepared fresh weekly; unused portions
should be discarded.

TABLE 4. Guidelines for Home Preparation of KI Solution
Using 65-mg Tablet27

• Put 1 65-mg KI tablet in a small bowl and grind into a fine
powder with the back of a spoon. The powder should not
have any large pieces.

• Add 4 tsp (20 mL) of water to the KI powder. Use a spoon to
mix them together until the potassium iodide powder is
dissolved in the water.

• Add 4 tsp (20 mL) of milk, juice, soda, or syrup (eg,
raspberry) to the KI/water mixture. The resulting mixture is
8.125 mg of KI per teaspoon (5 mL)

• Age-based dosing guidelines:
• Newborn through 1 mo of age: 2 tsp
• 1 mo through 3 y of age: 4 tsp
• 4 y through 17 y of age: 8 tsp or 1 65-mg tablet (if child

weighs more than 70 kg, give 2 65-mg tablets)
How already prepared potassium iodide mixture should be

stored:
Potassium iodide mixed with any of the recommended

drinks will keep for up to 7 days in the refrigerator.
The FDA recommends that the potassium iodide drink

mixtures be prepared fresh weekly; unused portions
should be discarded.

TABLE 5. Diagnostic Measures to Consider in Victims of Radiation Exposure

Test Timing

Nasal swab to identify inhalation* Immediately
Skin swabs to identify external contamination* Immediately and at frequent intervals
Urine and stool analysis to identify internal

contamination*
Immediately and at 24 h

Complete blood cell and platelet counts Daily for 1 wk
Absolute lymphocyte count Every 12 h for 3 d
HLA antigen subtyping Before lymphocyte count decreases
Lymphocyte cytogenetics Before lymphocyte count decreases

* A radiation safety officer or other authority should be consulted in all aspects of management.
Adapted from Jarrett DG. Medical Management of Radiological Casualties. Bethesda, MD: Armed Forces
Radiobiology Research Institute; 1999
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than 19 years of age (16 acute lymphocytic, 18 acute
myelogenous, 10 chronic myelogenous, and 2 other).
The excess cases diminished 16 years after expo-
sure.36

Radiation-induced thyroid cancer in children has
been well characterized. In the Chernobyl disaster, a
cloud of radioactive elements including radioiodines
was released. In the area of fallout in the Ukraine, 577
children and adolescents developed thyroid cancer
between 1991 and 1997 (compared with 59 cases of
thyroid cancer in the 5 years preceding the disaster).
The number was greatest among those who were
exposed at 5 years of age or younger. The latency
period was short and the cancer was aggressive. In
most cases, the radiation dose was 0.50 Gy or more.37

In the United States, published data suggest that
elevated rates of thyroid cancers and adenomas oc-
curred among a cohort of children exposed to fallout
from nuclear weapons tests in Nevada between 1951
and 1958.38 Benign thyroid neoplasms are more com-
mon than thyroid cancer after radiation exposure;
these can produce morbidity because of the possible
need for surgery and lifelong medical follow-up.

Radiation-induced tumors can be benign or malig-
nant and are histologically indistinguishable from
the same cancers in the general population. The la-
tency period for carcinogenesis after radiation expo-
sure is typically 2 to 3 years for leukemia and 10 or
more years for thyroid cancer and other solid tu-
mors.2,14,23 The latency period for thyroid cancer in
children exposed to radioiodines after the Chernobyl
disaster was shorter; an increase was observed be-
ginning 4 years after the event.9

Psychologic Effects
One of the most common and disabling conse-

quences of radiation exposure is the development of
chronic fear and anxiety. More than 6 years after
Chernobyl, the large populations exposed in the 2
areas of fallout had a high prevalence of distress and
behavioral disorders; 35.8% of respondents had a
psychiatric diagnosis as defined by the Diagnostic and
Statistical Manual of Mental Disorders, Third Edition.39

A significantly higher rate was found among moth-
ers with children younger than 18 years of
age.8,23,40,41 In an 11-year follow-up study of mothers
and their young children, there continued to be sig-
nificant psychosocial morbidity, with significantly
higher scores on measures of social isolation and
negative life events.42 Similarly, studies in Pennsyl-
vania after the TMI incident found long-term behav-
ioral disturbances in mothers of young children.43,44

Local inhabitants performed worse on behavioral
tasks, had a greater incidence of psychosomatic
symptoms, and had higher concentrations of neu-
roendocrine stress hormones than did controls.11 The
Kemeny Commission, convened to investigate the
consequences of the TMI disaster, concluded that
mental stress would be the main effect of a nuclear
reactor disaster.11,45

Studies of the Goiania disaster also demonstrated
that stress and behavioral reactions can follow per-
ceived exposure; those living in the area of radiation
exposure and those unexposed had behavioral and

cardiovascular-neuroendocrine effects that persisted
for more than 3 years.23 Emotional effects are even
greater for those who witness injured or mortally
wounded victims after a radiation disaster.11 These
behavioral consequences can disrupt interpersonal
relationships, attitude, and social outlook, causing or
contributing to chronic medical conditions including
hypertension.23 Psychobehavioral disturbances are
further magnified when disasters are accompanied
by the loss of a family home or lack of timely infor-
mation.8,46 Finally, disaster workers and health care
professionals can be incapacitated by the emotional
distress of a radiation disaster.23 This distress has
multiple origins, including the inability to enter con-
taminated areas to rescue victims and the difficulty
in wearing personal protective equipment.

PREPARING FOR A RADIATION DISASTER

Clinical Issues
Local planning for a possible radiation disaster

focuses on the creation of disaster management pro-
tocols, education of first responders and health care
professionals, and acquisition of appropriate equip-
ment and supplies. First responders should receive
training in radiation consequence management, be-
cause they may unknowingly enter a radioactive
area. Emergency physicians as well as pediatricians
and other primary care physicians are potential med-
ical responders to a radiation event and should also
obtain training in this area.18 Issues including emer-
gency department configuration for the management
of radiation-exposed individuals should be ad-
dressed.18 Recent data indicate that most US hospi-
tals remain unprepared for a nuclear event.47

In November 2001, the FDA issued updated guid-
ance about KI use after exposure to radioactive io-
dine; KI is ineffective for other radionuclide expo-
sures. According to these guidelines, the benefits of
KI exceed its risks when a certain level of exposure
has occurred (Table 2). KI efficacy is greatest when
administered immediately before the exposure, at
which time it can prevent 100% of radioiodine from
reaching the thyroid. However, the efficacy of KI is
80%, 40%, and 7% when administered 2, 8, and 24
hours after exposure, respectively48; these rates are
markedly lower in children who are iodine-deficient.
KI appears to have little clinical value when admin-
istered 12 hours or more after exposure.

Currently, the NRC recommends that state and
local governments consider providing KI to all citi-
zens living within 10 miles of a nuclear power plant
as a supplement to plans for evacuation and shelter-
ing.49 In December 2001, the NRC wrote to the 31
states that had or were located near 10 miles of a
nuclear power plant, offering 2 KI pills for every
person living within 10 miles of a plant.50 If states
and local governments adopt the plan to use KI,
communities should consider storage of KI in
schools and child care centers. Additionally, strate-
gies that permit the rapid administration to large
numbers of children (eg, an entire elementary school)
should be developed. The appropriateness of KI dis-
tribution to all US families remains controversial.
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Universal prescription of KI has not been recom-
mended by the NRC or FDA because the risks of
radioiodine exposure exist only in certain regions
and because of the risk of inappropriate use. How-
ever, given its limitless shelf-life, low incidence of
adverse effects,9,24 and need for rapid administra-
tion, universal access should be considered. KI is
available without a prescription at some pharmacies
but is not yet widely available. KI may be purchased
through the Internet; however, families should be
cautioned against using the medication before con-
sulting with authorities.9 In April 2002, the FDA
listed 2 products, Thyro-Block (MedPointe Inc, Som-
erset, NJ), and IOSAT (Anbex Inc, Palm Harbor, FL),
which are approved for over-the-counter use as a
thyroid-blocking agent in radiation emergencies.25 In
November 2002, the Medical Letter of Drugs and Ther-
apeutics listed these and additionally listed ThyroSafe
(Recip US, Honey Brook, PA) as an FDA-approved
product.51 IOSAT can be obtained at 866-283-3986
and through the Internet at www.nukepills.com;
Thyro-Block can be obtained at 800-804-4147 and at
www.nitro-pak.com; and Thyro-Safe can be obtained
at 610-942-8972 and at www.thyrosafe.com.51 KI also
can be ordered from Anbex Inc at 727-784-3483 and
at www.anbex.com.

Communities near a nuclear power plant should
have access to KI as an adjunct to evacuation and
sheltering. It is prudent for parents living within 10
miles of a nuclear reactor to keep KI in their homes.
In addition, schools and child care centers located
within a 10 mile radius of a nuclear power plant
should have immediate access to KI. It is unclear,
however, whether people within a larger radius
should stockpile the drug. Although current recom-
mendations call for those within a 10-mile radius to
have access to KI, there have been recent concerns
that a nuclear power plant mishap could discharge a
radioactive cloud with far greater reach. In the Cher-
nobyl disaster, changes in wind direction and rainfall
resulted in an unevenly distributed deposition of
radionuclides. The 3 most highly contaminated areas
were the 20-mile zone surrounding the reactor; the
Bryansk, Russia area and Gomel and Mogilev re-
gions of Belarus (120 miles north-northeast of the
reactor); and the Kaluga-Tula-Orel area of Russia
(300 miles northeast of the reactor).52

As a result of these concerns, some have suggested
that all people living within a 50-mile radius of a
nuclear power plant should stockpile KI.50 There
have also been proposals for the stockpiling of KI by
all those living within a 200-mile radius of a nuclear
plant.50 Because rapid and complete evacuation of a
region is dependent on population density, a more
cogent approach might be to vary the recommended
KI distribution radius by population density. In pop-
ulation-dense regions, a 50-mile radius could be
used, and areas with a lower population could ad-
here to the 10-mile radius recommendation.

The establishment of nuclear disaster response
teams is also a part of community planning. Such
teams should include mental health professionals
who are trained to respond to the emotional and

behavioral needs of children after a radiation event.
Because children with psychologic trauma may be
unable to verbalize their feelings, parents and pedi-
atricians should be attentive to subtle signs of stress,
anxiety, or depression.

Preparatory training exercises are also recom-
mended. To date, involvement of pediatricians and
mental health professionals in mock radiation disas-
ters has been minimal. However, without these par-
ticipants, mock disasters are likely to make unrealis-
tic assumptions about the behavior of all victims,
including children.20 The inclusion of pediatricians
and mental health specialists in planning will pro-
vide the opportunity to evaluate, improve, and en-
hance the response.

Public Health Actions
States and local governments have begun to de-

velop strategies to protect their local population after
a radiation release.53 These include the establishment
of threshold radiation concentrations that would re-
quire evacuation and educational campaigns for the
public. All residents in at-risk areas should receive
educational information and detailed emergency re-
sponse plans.53 Special plans should be made for
children with disabilities.

Local hospitals also have a key role in the prepa-
ration for a radiation disaster. Policies of the Joint
Commission on Accreditation of Healthcare Organi-
zations require that health care facilities develop di-
saster management guidelines and that these guide-
lines be subject to twice-yearly drills. Because
radiation events represent a unique catastrophe, hos-
pitals should provide detailed guidance. Pediatri-
cians may have the role of assisting hospitals in the
development of plans for treating pediatric victims.

Schools and child care facilities should also be
included in response plans, particularly if they are
located within 10 miles of a nuclear power plant.
School evacuation plans should be created and prac-
ticed. Many school districts have already been suc-
cessful in creating algorithms for evacuation of chil-
dren and their rapid reunification with parents.54

School plans should consider the designation of an
out-of-state relative or friend as a “family contact,”
because during a disaster, it is often easier to call
long-distance than locally to find a family member.
As with planning for all disasters, medical directives
(eg, health care proxy) should be considered in the
event the parent of an ill or injured child cannot be
immediately contacted. Schools should have written
plans that define locations within the school building
or in nearby structures that would afford the best
protection from a radiation cloud. School-based cri-
sis-management teams that manage other events as-
sociated with psychologic trauma should be trained
to respond to the consequences of a radiation disas-
ter.

PREVENTION
Radioactive materials are used throughout the

country, particularly in research and medical treat-
ment. These radioisotopes are subject to theft or sab-
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otage. For example, in 1996, a radiographer disap-
peared for approximately 2 weeks with a cache of
radioactive iridium; in the same year, 2 radioactive
cobalt sources were stolen from an abandoned indus-
trial facility.10 Many other confiscations of radioac-
tive material have occurred.55 These cases illustrate
the ease with which radionuclides can be stolen and
then used for the creation of a radioactive dispersal
device. Stricter regulation and heightened surveil-
lance of all high-dose radioactive materials is neces-
sary to prevent such events from occurring.

The safety and vulnerability of nuclear power
plants to terrorism has been questioned,55,56 particu-
larly since the events of September 11, 2001, when
fuel-filled commercial airplanes were used as weap-
ons.14,57 Several acts of nuclear power plant sabotage
have reportedly occurred in the past.58 In addition to
the risks associated with terrorist activity, the aging
of US nuclear reactors has led to beliefs that a mishap
is inevitable.59 Concerned scientists and environ-
mental advocates have long argued that nuclear
power plants carry a risk of harm too great to justify
their continued existence; calls for the shutdown of
all US power plants have been building in recent
years.60 Currently, however, more than 20% of US
electrical power is provided by nuclear power.61 All
sources of electrical energy have unwanted conse-
quences or are currently unfeasible in terms of eco-
nomic cost. Fossil fuel combustion releases carbon
dioxide and other greenhouse gases as well as mer-
cury, arsenic, and other pollutants; these emissions
are associated with asthma, cancer, cardiovascular
disease, and other chronic illnesses. Hydroelectric,
solar, and wind energy, while clearly preferred, all
have significant use limitations.62 Until safer, sus-
tainable sources of energy are available and with the
need to decrease the use of fossil fuels, the immediate
closure of existing nuclear plants may not be pru-
dent.62

However, many have argued that future nuclear
power plants should not be placed near heavily pop-
ulated areas, and existing plants in densely popu-
lated regions should be decommissioned as quickly
as possible. Additionally, the amount of nuclear
wastes continues to grow; most are being stored in
vulnerable, above-ground sites. Plans to create a
large underground nuclear waste storage facility are
nearly complete.63 The proposed facility will house
more than 77 000 tons of radioactive waste, delivered
via an estimated 108 000 train and truck shipments
over a 30-year period.64 These plans, if implemented,
will require intense security from terrorism, protec-
tion from crashes or other vehicular mishaps, and
careful consideration of the potential for and effects
of earthquakes in the vicinity.65

Through their daily practice, pediatricians can par-
ticipate in the prevention of adverse effects of ioniz-
ing radiation. Radiation damage is incompletely re-
paired and adds throughout life.66 Exposures from
CT scans are high, compared with those from radi-
ography, as noted in a joint statement of the Society
for Pediatric Radiology and the National Cancer In-
stitute.67 The CT-scan dose to the brain is up to 600

times the dose to the chest from an anterior-posterior
(AP) and lateral X-ray.67 Children not only have
greater susceptibility to radiogenic cancer68 but also
have longer life expectancies compared with adults,
during which the latent period for cancer can be
exceeded. The margin of safety for radiation effects
diminishes as radiation exposures accumulate. Pedi-
atricians can preserve the margin of safety by re-
questing radiologic procedures only when the bene-
fits outweigh the risks and checking to ensure that
CT operators are using settings appropriate for chil-
dren.69 Conservative use of diagnostic radiation pro-
cedures should decrease mortality and morbidity
from the acute effects of a radiation disaster.

RECOMMENDATIONS FOR PEDIATRICIANS
1. Pediatricians should increase their knowledge

about emergency medical aspects of radiation ex-
posure.

2. Pediatricians should become familiar with local
preparedness and evacuation protocols and work
with public health agencies on their development.

3. Pediatricians should assist local schools and child
care facilities in developing protocols to reunite
children with their parents in the event a disaster.

4. All children at risk should receive KI before expo-
sure, if possible, or immediately afterward. This
will require that KI be available in homes located
within 10 miles of a nuclear power plant. Child
care facilities and schools within 10 miles of a
nuclear power plant should plan to stockpile the
agent. It may be prudent to consider stockpiling
KI within a larger radius because of more distant
windborne fallout, as occurred after Chernobyl;
this will be determined by local and national pub-
lic health authorities.

5. The risks and benefits of using KI should be dis-
cussed with parents. KI is available without a
prescription, and families should be cautioned
against using the medication before consulting
with authorities.

6. Because radioiodines pass into breast milk, pedi-
atricians should caution lactating mothers not to
breastfeed their infants after the release of radio-
iodines, unless no alternative is available. The re-
striction is temporary, until public health author-
ities declare it safe to go back to breastfeeding.
Public health authorities will also advise about the
safe consumption of produce and milk after a
radiation disaster.

7. The pediatrician should recognize and respond to
the psychosocial consequences of disasters in chil-
dren.23,29,70

RECOMMENDATIONS FOR GOVERNMENT
1. Pediatricians should be included in all aspects of

planning for a radiation disaster. Disaster plan-
ning exercises should include pediatric casualties
and victims with mock psychologic injuries.

2. Future sites for nuclear power facility construc-
tion should be selected to minimize the risk to
populations. For existing power plants in popu-
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lated regions, an accelerated timeline for decom-
missioning should be considered.

3. Guidelines for the population radius within which
to recommend KI stockpiling should be devel-
oped; distribution plans should also be created.

4. The FDA should facilitate the development of a
pediatric preparation of KI.

5. Plans should be developed for rapid communica-
tion with the public about evacuation versus shel-
tering, the safety of breast milk, and local food
consumption.

6. Government planners should make mental health
a high priority in the response plan for a radiation
incident.
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APPENDIX: GLOSSARY OF TERMS

Types of Radiation
Ionizing radiation: a high-frequency, low-amplitude form of radia-
tion that interacts significantly with biological systems.
Alpha particle (�-particle): a particle emitted from the nucleus of an
atom. It contains 2 protons and 2 neutrons and is identical to the
nucleus of a helium atom. Having a very large mass, �-particles
have poor penetration. They pose little hazard after external ex-
posure but can produce tissue injury when inhaled or ingested.
Beta particle (�-particle): a high-speed particle, identical to an elec-
tron, emitted from the nucleus of an atom.
Neutrons: a powerful but uncommon type of radiation, emitted
only after a nuclear detonation. Neutrons are highly destructive,
producing 10 times more tissue damage than �-rays produce.
Gamma-rays (�-rays): a form of ionizing radiation having no mass.
Like visible light, �-rays are made of photons. �-Rays have signif-
icant penetrance and are the most important external radiation
hazard after a radiation disaster.
X-rays: like �-rays, x-rays have no mass; their energy is emitted
from electrons, and �-rays are emitted from nuclei.

Radiation Exposure Terms
Becquerel (Bq): the International System of Units (SI) measurement
of radioactivity, defined as decay events per second. 1 Bq � 1
disintegration per second.
Curie (Ci): the traditional measure of radioactivity, as measured by
radioactive decay. 1 Ci � 3.7 � 1010 disintegrations per second.

Radiation absorbed dose (rad): the energy deposited by any type of
radiation to any type of tissue or material. 1 rad � 0.01 Gray
Roentgen equivalent man (rem): the unit of human exposure to radi-
ation. 1 rem � 0.01 Sievert
Gray (Gy): the SI unit for the energy deposited by any type of
radiation, in joules per kilogram. 1 Gy � 100 rad
Sievert (Sv): the SI unit for measurement of human exposure to
radiation, in joules per kilogram. 1 Sv � 100 rem
Weighting or Quality Factor: a term that correlates rem with rad
(rem � rad � quality factor), based on factors including the type
of radiation. The quality factor for �-particles, �-rays, and x-rays is
1; therefore, with exposure to these forms of radiation, rad � rem.
The quality factor for �-particles is 20 (1 rad � 20 rem).

ACKNOWLEDGMENTS
We wish to thank Drs David V. Becker, Professor of Radiology

and Medicine, Weill-Cornell Medical College, and Jacob Robbins,
Scientist Emeritus, National Institute of Diabetes and Digestive
and Kidney Diseases, National Institutes of Health, for their most
helpful review of this statement.

REFERENCES
1. The Avalon Project at Yale Law School. Chapter 10: Total casualties. In:

The Atomic Bombings of Hiroshima and Nagasaki: Documents in Law, His-
tory, and Diplomacy. New Haven, CT: The Avalon Project at Yale Law
School; 2002. Available at: http://www.yale.edu/lawweb/avalon/
abomb/mp10.htm. Accessed November 26, 2002

2. Merke DP, Miller RW. Age differences in the effects of ionizing radia-
tion. In: Guzelian PS, Henry CJ, Olin SS, eds. Similarities and Differences
Between Children and Adults: Implications for Risk Assessment. Washing-
ton, DC: International Life Sciences Institute; 1992:139–149

3. US Nuclear Regulatory Commission. Fact Sheet on the Accident at Three
Mile Island. Available at: http://www.nrc.gov/reading-rm/doc-
collections/fact-sheets/3mile-isle.html. Accessed November 26, 2002

4. Muirhead CR. Cancer after nuclear incidents. Occup Environ Med. 2001;
58:482–487

5. Talbott EO, Youk AO, McHugh KP, et al. Mortality among the residents
of the Three Mile Island accident area: 1979–1992. Environ Health Per-
spect. 2000;108:545–552

6. Likhtarev IA, Kovgan LN, Jacob P, Anspaugh LR. Chernobyl accident:
retrospective and prospective estimates of external dose of the popula-
tion of Ukraine. Health Phys. 2002;82:290–303

7. Weinberg AD, Kripalani S, McCarthy PL, Schull WJ. Caring for survi-
vors of the Chernobyl disaster. What the clinician should know. JAMA.
1995;274:408–412

8. Adams RE, Bromet EJ, Panina N, Golovakha E, Goldgaber D, Gluzman
S. Stress and well-being in mothers of young children 11 years after the
Chornobyl nuclear power plant accident. Psychol Med. 2002;32:143–156

9. US Food and Drug Administration, Center for Drug Evaluation and
Research. Guidance Document: Potassium Iodide as a Thyroid Blocking
Agent in Radiation Emergencies. Available at: http://www.fda.gov/
cder/guidance/4825fnl.htm. Accessed November 26, 2002

10. O’Neill K. The Nuclear Terrorist Threat. Washington, DC: Institute for
Science and International Security; 1997. Available at: http://www.isis-
online.org/publications/terrorism/threat.pdf. Accessed November 26,
2002

11. Collins DL, de Carvalho AB. Chronic stress from the Goiania 137Cs
radiation accident. Behav Med. 1993;18:149–157

12. Niefert A. Case Study: Accidental Leakage of Cesium-137 in Goiania, Brazil,
in 1987. Huntsville, AL: Camber Corporation. Available at: http://
www.nbc-med.org/SiteContent/MedRef/OnlineRef/CaseStudies/
csgoiania.html. Accessed November 26, 2002

13. American Academy of Pediatrics, Committee on Environmental Health.
Risk of ionizing radiation exposure to children: a subject review. Pedi-
atrics. 1998;101:717–719

14. Mettler FA, Voelz GL. Major radiation exposure—what to expect and
how to respond. N Engl J Med. 2002;346:1554–1561

15. Neal CJ, Moores LE. Weapons of mass destruction: radiation. Neurosurg
Focus. 2002;12. Available at: http://www.neurosurgery.org/focus/
mar02/12–3-4.pdf. Accessed November 26, 2002

16. Argonne National Laboratory, US Department of Energy. Maps of Nu-
clear Power Reactors: North America. Available at: http://www.insc.anl.
gov/pwrmaps/map/north_america.php. Accessed November 26, 2002

17. Moulder JE. Report on an interagency workshop on the radiobiology of
nuclear terrorism. Molecular and cellular biology dose (1–10) radiation
and potential mechanisms of radiation protection (Bethesda, Maryland,
December 17–18, 2001). Radiat Res. 2002;158:118–124

1464 RADIATION DISASTERS AND CHILDREN



18. Radiation Emergency Assistance Center/Training Site. Guidance for Ra-
diation Accident Management. Oak Ridge, TN: Oak Ridge Associated Uni-
versities; 2000. Available at: http://www.orau.gov/reacts/guidance.
html. Accessed November 26, 2002

19. Jarrett DG. Medical Management of Radiological Casualties. Bethesda, MD:
Armed Forces Radiobiology Research Institute; 1999

20. Pynoos RS, Goenjian AK, Steinberg AM. A public mental health ap-
proach to the postdisaster treatment of children and adolescents. Child
Adolesc Psychiatr Clin North Am. 1998;7:195–210

21. Schuster MA, Stein BD, Jaycox L. A national survey of stress reactions
after the September 11, 2001 terrorist attacks. N Engl J Med. 2001;345:
1507–1512

22. National Institute of Mental Health. Helping Children and Adolescents
Cope with Violence and Disasters. Bethesda, MD: National Institute of
Mental Health, National Institutes of Health; 2001. NIH Publ. No.
01-3518. Available at: http://www.nimh.nih.gov/publicat/violence.cfm.
Accessed November 26, 2002

23. National Council on Radiation Protection and Measurements. Manage-
ment of Terrorist Events Involving Radioactive Material. Bethesda, MD:
National Council on Radiation Protection and Measurements; 2001

24. Balk SJ, Miller RW. FDA issues KI recommendations. AAP News. 2002;
20:99

25. US Food and Drug Administration, Center for Drug Evaluation and
Research. Frequently Asked Questions on Potassium Iodide (KI). Rock-
ville, MD: Center for Drug Evaluation and Research; 2002. Available at:
http://www.fda.gov/cder/drugprepare/KI_Q&A.htm. Accessed No-
vember 26, 2002

26. US Food and Drug Administration, Center for Drug Evaluation and
Research. Home Preparation Procedure for Emergency Administration of
Potassium Iodide Tablets to Infants and Children Using 130 Millligram (mg)
Tablets. Rockville, MD: Center for Drug Evaluation and Research; 2002.
Available at: http://www.fda.gov/cder/drugprepare/kiprep130mg.htm.
Accessed November 26, 2002

27. US Food and Drug Administration, Center for Drug Evaluation and
Research. Home Preparation Procedure for Emergency Administration of
Potassium Iodide Tablets to Infants and Children Using 65 Millligram (mg)
Tablets. Rockville, MD: Center for Drug Evaluation and Research; 2002.
Available at: http://www.fda.gov/cder/drugprepare/kiprep65mg.htm.
Accessed November 26, 2002

28. Schonfeld DJ. Almost one year later: looking back and looking ahead. J
Dev Behav Pediatr. 2002;23:292–294

29. American Academy of Pediatrics, Committee on Psychosocial Aspects
of Child and Family Health. How pediatricians can respond to the
psychosocial implications of disasters. Pediatrics. 1999;103:521–523

30. Young BH, Ford JD, Ruzek JI, Friedman MJ, Gusman FD. Disaster
Mental Health Services: A Guidebook for Clinicians and Administrators.
Menlo Park, CA: Department of Veterans Affairs, The National Center
for Post-Traumatic Stress Disorder Education and Clinical Laboratory.
Available at: http://www.wramc.amedd.army.mil/departments/
socialwork/provider/dmhs.htm. Accessed November 26, 2002

31. American Academy of Pediatrics. Children, Terrorism and Disasters.
Psychosocial Aspects. Available at: http://www.aap.org/terrorism/
topics/psychosocial_aspects.html. Accessed November 26, 2002

32. Schonfeld DJ. Supporting adolescents in times of national crisis: poten-
tial roles for adolescent health care providers. J Adolesc Health. 2002;30:
302–307

33. Tokunaga M, Land CE, Tokuoka S, Nishimori I, Sada M, Akiba S.
Incidence of female breast cancer among atomic bomb survivors,
1950–1985. Radiat Res. 1994;138:209–223

34. Land C. Studies of cancer and radiation dose among atomic bomb
survivors: the example of breast cancer. JAMA. 1995;274:402–407

35. Preston DL, Mattsson A, Holmberg E, Shore R, Hildreth NG, Boice JD
Jr. Radiation effects on breast cancer risk: a pooled analysis of eight
cohorts. Radiat Res. 2002;158:220–235

36. Preston DL, Kusumi S, Tomonaga M, et al. Cancer incidence in atomic
bomb survivors. Part III. Leukemia, lymphoma and multiple myeloma,
1950–1987. Radiat Res. 1994;137(2 suppl):S68–S97

37. Tronko MD, Bogdanova TI, Komissarenko IV, et al. Thyroid carcinoma
in children and adolescents in Ukraine after the Chernobyl nuclear
accident: statistical data and clinicomorphologic characteristics. Cancer.
1999;86:149–156

38. Kerber RA, Till JE, Simon SL, et al. A cohort study of thyroid disease in
relation to fallout from nuclear weapons testing. JAMA. 1993;270:
2076–2082

39. American Psychiatric Association. Diagnostic and Statistical Manual of
Mental Disorders, 3rd ed. Washington, DC: American Psychiatric
Association; 1981

40. Havenaar JM, Rumyantzeva GM, van den Brink W, et al. Long-term

mental health effects of the Chernobyl disaster: an epidemiologic sur-
vey in two former soviet regions. Am J Psychiatry. 1997;154:1605–1607

41. Havenaar JM, van den Brink W, van den Bout J, et al. Mental health
problems in the Gomel region (Belarus): an analysis of risk factors in an
area affected by the Chernobyl disaster. Psychol Med. 1996;26:845–855

42. Bromet EJ, Gluzman S, Schwartz JE, Goldgaber D. Somatic symptoms in
women 11 years after the Chornobyl accident: prevalence and risk
factors. Environ Health Perspect. 2002;110(suppl 4):625–629

43. Bromet EJ, Parkinson DK, Dunn LO. Long term mental health conse-
quences of the accident at Three Mile Island. Int J Ment Health. 1990;19:
48–60

44. Baum A, Fleming R, Davidson L. Natural disasters and technicological
catastrophe. Environ Behav. 1983;15:333–354

45. Kemeny J Report of the President’s Commission on the Accident at Three Mile
Island. The Need for Change. The Legacy of TMI. Washington, DC: The
President’s Commission on the Accident at Three Mile Island; 1979

46. International Atomic Energy Agency. International Chernobyl Project,
Technical Report. Vienna, Austria: International Atomic Energy Agency;
1991:277–413

47. Treat KN, Williams JM, Furbee PM, Manley WG, Russell FK, Stamper
CD Jr. Hospital preparedness for weapons of mass destruction
incidents: an initial assessment. Ann Emerg Med. 2001;38:562–565

48. Zanzonico PB, Becker DV. Effects of time of administration and dietary
iodine levels on potassium iodide (KI) blockade of thyroid irradiation
by131I from radioactive fallout. Health Phys. 2000;78:660–667

49. US Nuclear Regulatory Commission. Frequently Asked Questions about
Potassium Iodide. Washington, DC: US Nuclear Regulatory Commission;
2002. Available at: http://www.nrc.gov/what-we-do/regulatory/
emer-resp/emer-prep/ki-faq.html. Accessed November 26, 2002

50. American Thyroid Association. American Thyroid Association Endorses
Potassium Iodide for Radiation Emergencies. Falls Church, VA: American
Thyroid Association; 2001. Available at: http://www.thyroid.org/
publications/statements/ki/02_04_09_ki_endrse.html. Accessed No-
vember 26, 2002

51. Potassium iodide for thyroid protection in a nuclear accident or attack.
Med Lett Drugs Ther. 2002;44:97–98

52. US Department of Energy, Office of Health Programs. Chernobyl Health
Effects Studies. Available at: http://tis.eh.doe.gov/health/ihp/chernobyl/
chernobyl.html. Accessed November 26, 2002

53. Federal Emergency Management Agency. Backgrounder: Nuclear Power
Plant Emergency. http://ww.fema.gov/hazards/nuclear/radiolo.shtm.
Accessed November 26, 2002

54. Borja RR. Schools near high-risk sites update safety plans. Educ Week.
2001;21:1, 11

55. Helfand I, Forrow L, Tiwari J Nuclear terrorism. BMJ. 2002;324:356–359
56. US Congress Representative Ed Markey. Markey releases report on

security gaps at nuclear reactor sites [press release]. March 25, 2002.
Available at: http://www.house.gov/markey/iss_nuclear_pr020325.pdf.
Accessed November 26, 2002

57. Nuclear Control Commission. Nuclear Terrorism—How to Prevent It.
Washington, DC: Nuclear Control Commission; 2002. Available at:
http://www.nci.org/nci-nt.htm. Accessed November 26, 2002

58. Lochbaum D. Three Mile Island’s Puzzling Legacy. Cambridge, MA:
Union of Concerned Scientists; 1999

59. Wald ML. US, alarmed by corrosion, orders checking of reactors. New
York Times. April 26, 2002;A1

60. Close Indian Point Now. Evacuation Plan. Available at: http://
www.closeindianpoint.org/evacuation_plan.htm. Accessed November
26, 2002

61. Levy K, Hirsch EF, Aghababian RV, Segall A, Vanderschmidt H. Radi-
ation accident preparedness: report of a training program involving the
United States, Eastern Europe, and the newly independent states. Am J
Public Health. 1999;89:1115–1116

62. Dresselhaus MS, Thomas IL. Alternative energy technologies. Nature.
2001;414:332–337

63. Decision time at Yucca Mountain [editorial]. Nature. 2001;412:841
64. Wolbarst AB, Forinash EK, Byrum CO, Peake RT, Marcinowski F III,

Kruger MU. An overview of EPA regulation of the safe disposal of
transuranic Waste at the Waste Isolation Pilot Plant. Health Phys. 2001;
80:110–125

65. Desert earthquake hits near Yucca Mountain. Associated Press. June 14,
2002

66. Brenner DJ. Does fractionation decrease the risk of breast cancer in-
duced low-LET radiation? Radiat Res. 1999;151:225–229

67. National Cancer Institute. Radiation Risks and Pediatric Computed Tomog-
raphy (CT): A Guide for Health Care Providers. Bethesda, MD: National
Cancer Institute, National Institutes of Health; 2002. Available at:

AMERICAN ACADEMY OF PEDIATRICS 1465



http://www.cancer.gov/cancerinfo/causes/radiation-risks-pediatric-
ct. Accessed November 26, 2002

68. Hall EJ. Lessons we have learned from our children: cancer risks from
diagnostic radiology. Pediatr Radiol. 2002;32:700–706

69. US Food and Drug Administration, Center for Devices and Radiological
Health. FDA Public Health Notification: Reducing Radiation Risk From
Computed Tomography for Pediatric and Small Adult Patients. Rockville,
MD: Center for Devices and Radiological Health; 2001. Available at:
http://www.fda.gov/cdrh/safety/110201-ct.html. Accessed Novem-
ber 26, 2002

70. American Academy of Pediatrics, Committee on Environmental Health.
Chemical-biological terrorism and its impact on children: a subject
review. Pediatrics. 2000;105:662–670

All policy statements from the American Academy of
Pediatrics automatically expire 5 years after publication unless
reaffirmed, revised, or retired at or before that time.

1466 RADIATION DISASTERS AND CHILDREN


