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A RADIATION PRIMER 

 
The concepts of radiation, radioactive material and the measurement of both are 
referred to throughout this document. As these concepts relate to the effective 
management of children during a radiological/nuclear event and apply to a 
multidisciplinary audience (including professionals with limited to no knowledge in this 
field), this radiation primer is intended to impart a baseline level of understanding to any 
reader. 
 
What is radiation? 
 
Radiation is, most simply put, energy traveling through space, air or any other medium. 
While you cannot see, smell or taste most forms of radiation, you are exposed to 
different types of radiation every day. Radiation can have different effects on your health 
depending on the type and amount of radiation that you are exposed to. 
 
All material is composed of atoms which are made up of a nucleus (consisting of protons 
and neutrons) which are surrounded by electrons. In nature, most nuclei are stable 
because the forces among these subatomic particles (neutrons, protons and electrons) 
are balanced. 
 
However, sometimes a nucleus can become unstable and emit energy (or radiation) in 
an attempt to reach stability. This radiation is emitted in the form of particles or 
electromagnetic waves. Materials that are made up of atoms with unstable nuclei are 
classified as radioactive materials.  
 
Radioactive contamination is the undesired presence of radioactive material on surfaces 
including that of the human body. 
 
If you are exposed to radiation from radioactive materials outside of your body, you 
yourself will not become radioactive and cannot affect someone else; however, if you 
inhale or ingest radioactive material, or if your skin is contaminated, radiation is emitted 
from your body and can affect other parts of your body and even those around you.  
 
Depending on the type and the dose of radiation, it can be either harmless or harmful. 
Knowing the basic principles of radiation is therefore important. 
 
What types of radiation are there? 
 
Radiation can vary depending on how much energy is involved. The two main categories 
of radiation are ionizing and non-ionizing radiation. 
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Figure adopted from [1]. 

 
Non-ionizing radiation has lower energies. You would know it as visible light (colour), 
infrared (heat), radio waves, ultra violet and microwaves. Non-ionizing radiation lacks the 
energy to cause damage to the atomic structure of human tissue; it typically causes 
heating in the materials it affects (e.g., sunburn or microwave ovens). It is usually 
harmless. 
  
Ionizing radiation has higher energies. There are 4 common types of ionizing radiation 
that have enough energy to affect the structure of other atoms, including those found in 
human tissue.  
 

 
 
Alpha radiation is a heavy charged particle that can be stopped by paper or your skin. 
 
Beta radiation is a charged particle that is lighter than an alpha particle, and can be 
stopped by plastic or aluminum. 
 
Gamma radiation and X-rays are both high energy electromagnetic waves that can 
penetrate the human body and can be shielded by dense material such as lead. 
 
Neutron radiation is less common than the other three types of radiation as it is usually 
only present in nuclear facilities where nuclear fission occurs (e.g., nuclear power 
plants). Neutrons can be shielded by concrete or water. 
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Where does radiation come from? 
 
Radiation is present everywhere in our environment. Exposure can be due to either 
natural or artificial sources.  
 
The majority of the ionizing background radiation that we are exposed to comes from 
natural sources (80%) such as cosmic rays from space and natural radioactive material 
in rocks, soil, water and even our own bodies. 
 
Where you live, as well as your lifestyle, can play a part in how much natural radiation 
you receive. People who live at higher altitudes are exposed to more radiation that 
comes from space. Others may live in areas with elevated levels of radon, a radioactive 
gas that comes from the decay of uranium underground. 
 
Artificial ionizing radiation (20%) comes from exposure to man-made sources that 
include medical practices such as cancer therapy and diagnostic imaging (e.g., x-ray 
imaging). 
 
In the case of a radiological/nuclear (R/N) accident or malicious event, radiation may 
come from a variety of sources including the release of radioactive material due to an 
accident at a nuclear power plant or the deliberate spread of radioactive material from an 
explosive device. 
 
What are the health risks from ionizing radiation? 
 
We are exposed to background radiation everyday; however the actual dose that we 
receive is very low and does not appreciably affect our health. Although some radiation 
can cause damage to the structure of our cells, our bodies can usually repair the 
damage on their own. 
 
The health effects of radiation are represented in terms of dose, which is calculated in 
units of sievert (Sv) or millisievert (mSv), which is 0.1% of a sievert. For comparison: 
 

 An adult typically receives a natural background radiation dose from all sources, 
in normal day-to-day activities, of 2 to 3 mSv each year; 

 It takes a dose greater than 700 mSv to show any immediate detectable 
symptoms of radiation exposure [2]; and 

 It takes a dose greater than 1,000 mSv to increase by 5% the risk of fatal cancer 
over one’s lifetime [3]. Note: the risk of dying from cancer in Canada is 
approximately 30% (from all causes) [4]. 

 
It would take 10,000 chest x-rays to slightly increase your chance of developing cancer 
over your lifetime. In fact, smoking poses a far greater threat to your health than 
exposure to low levels of radiation. In extremely large doses (greater than 700 mSv), 
radiation can have immediate health effects such as radiation burns, nausea and 
vomiting but such exposures are extremely rare, even in radiation accidents that affect 
the public. 
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Activities with an equivalent relative risk of death (of one per million) [5] 
Activity Cause of death 
Smoking 1.4 cigarettes Lung cancer  
Spending 2 days in New York City  Air pollution  
Driving 64 km in a car  Accident  
Flying 4,000 km in a jet  Accident  
Canoeing for 6 minutes  Drowning  
Receiving an extra dose of 0.1 mSv of radiation  Cancer  

 
How do you protect yourself from radiation? 
 
There are 3 simple ways that you can protect yourself from the effects of radiation: 
 

1) Minimize time of exposure; 
2) Maximize distance from source; and 
3) Maximize shielding. 

 
Time: For people who work with radiation, limiting your time spent in the vicinity of the 
radiation will reduce the radiation dose. 
 
Distance: In the same way that heat from a fire is less intense the further away you are, 
the intensity of radiation decreases the further you are from the source of the radiation.  
 
Shielding: Inserting an appropriate shield, such as lead, concrete or water, between you 
and the radioactive material will also reduce the radiation dose. 
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1. INTRODUCTION 
 
1.1 Motivation 
 
The phrase “children are not small adults” has been used to describe the management of 
children in the field of medicine. This mantra is used to illustrate children’s increased and unique 
physical and psychological vulnerabilities to environmental and, for the purposes of this 
document, radiological/nuclear (R/N) threats. In the R/N industry where exposure limits have 
traditionally been set to protect the adult male, it is ever important to develop strategies for the 
effective management of children (i.e., “non reference man”) during an R/N event. 
 
A radioactive environment poses a greater threat to children than adults, owing to the following 
factors: 
 

 Thinner body size means less effective shielding of internal organs against external 
radiation; 

 Shorter height means that critical body organs are closer to a contaminated ground 
surface (which is a common feature of R/N events); 

 Intake of certain foods (e.g., milk which may become radioactively contaminated) 
represents a greater proportion of the diet for infants and small children than for adults; 

 Children are more likely to be playing outdoors and thus more likely to inhale radioactive 
particles or come in contact with contamination on the ground or other objects, which 
they may put into their mouths; 

 Once a certain quantity of a radionuclide has entered a child’s body – through inhalation, 
ingestion, or skin penetration – the smaller body mass and organ sizes lead to higher 
radionuclide concentrations in body tissues. The radiation dose to a given tissue is 
directly proportional to the radionuclide concentration in the tissue; 

 Children are more likely to be afraid and anxious during the R/N response period – 
making them more difficult to handle during monitoring, decontamination, etc; 

 Children are more likely to be psychologically affected - more likely to be afraid or 
anxious, more adversely affected by their family reactions and worries, by event 
reporting, etc., and more likely to suffer long term adverse affects (physical and 
psychological); 

 Children are more likely to create a strong reaction in the public, generate more media 
attention, and amplify the ripple effects; and 

 Children are likely to live longer than adults, and thus the probability of long-term effects, 
such as cancer are higher. 

A more thorough discussion on children’s sensitivity to radiation is presented in Annex A. 
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1.2 Project background 
 
While there have been a great many open-literature articles on enhanced sensitivity of children 
to radiation, this particular project grew from the results of two Chemical, Biological, 
Radiological, Nuclear and Explosive (CBRNE) Research and Technology Initiative (CRTI)-
funded workshops: 
 

1. Workshop on Emergency Preparedness for Vulnerable Population Groups. Proceedings 
published in Radiation Protection Dosimetry, 134(3-4), 2009 [6]; and 

2. Workshop on Children as Vulnerable Populations in Radiological/Nuclear Events. 
Proceedings published in Radiation Protection Dosimetry, 142(1), 2010 [7]. 

 
The outcome from these workshops was a successful submission to CRTI for a funded project 
(CRTI 09-0553TD) designed to provide recommendations to emergency responders and 
receivers for the effective management of children during R/N events.  
 
After preliminary meetings, it was decided to break the work into five “facets”: 
 

1. Radiation Effects; 
2. Contamination Monitoring and First Responder; 
3. Medical Response and Hospital Issues; 
4. Psychosocial Issues; and 
5. Child Care. 

 
The Radiation Effects facet focuses on the radiation dose and concomitant health effects to 
children (vis-à-vis adults) following radiation exposure. The Contamination Monitoring and First 
Responder facet deals with the practical implementation of monitoring possibly-affected children 
for radioactive contamination and the removal of that contamination (i.e., decontamination) 
during an R/N emergency. The Medical Response and Hospital Issues facet aims to fill existing 
gaps in hospital response, particularly with the logistical resources required for contaminated 
children. The Psychosocial Issues facet addresses the practically all-encompassing 
psychosocial issues affecting children related to, among others, behaviour, communication, 
separation anxiety and responsibilities. The Child Care facet considers the practical 
implementation of preparedness and response protocols at child care centres and schools. 
 
1.3 Scope and target audience 
 
In an R/N event, the municipality or province will take charge and make decisions – once they 
arrive on the scene they will be incident commanders. Most emergencies (with R/N being no 
different) are addressed at the local level first, then provincial then federal. Nuclear power plant 
accidents in Ontario are addressed at the provincial level first. 
 
Scope: This report deals exclusively with the development of recommendations that will enable 
and enhance the care of children during and after an R/N event. This report does not specifically 
consider other population groups with particular vulnerabilities (e.g., the elderly, sick, bedridden, 
handicapped, etc.). 
 
The recommendations provided herein, or a subset thereof, are applicable to all R/N events. 
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This includes the accidental release of radioactive material from a nuclear reactor, the 
accidental or malicious dispersal of radioactive material (i.e., a radiological dispersal device 
(RDD) such as a ‘dirty-bomb’), and the accidental or malicious irradiation of humans using 
contained radioactive material (i.e., a radiological exposure device (RED) such as a concealed 
source). 
 
The recommendations are intended to be additional considerations for existing R/N response 
protocols and procedures. They have been formulated based on the general response process 
and should be compatible with the specific implementation of protocols and procedures at all 
levels (i.e., local, provincial and federal).    
 
Target Audience: The target audience for this work may be divided into the four categories 
below: 
 

 Child care centre and school staff – including principals, teachers, administrators, and 
care givers who, in the absence of parents, are the assigned or assumed guardians of 
children.  

 First responders – including fire, police and emergency medical services (EMS) who 
will arrive first at the R/N event scene.  

 Receivers – typically hospital staff; with consideration given to transportation facilitators, 
including ambulances and drivers, and other health care professionals.  

 Emergency management organizations – generally the coordination organizations of 
the immediate response agencies.  

 
1.4 How to use this report 
 
This report has been structured to, as closely as possible, follow the chronology of response 
actions following an R/N event. Actions that may be performed in multiple locations, such as 
decontamination, are delineated only once as recommendations will not change based upon the 
location. As such, it represents a modified version of typical management actions for a radiation 
event described in the TMT Handbook: Triage, Monitoring and Treatment of People Exposed to 
Ionising Radiation Following a Malevolent Act [8]. 
 
Where important practices or information are provided in the body of the report, the information 
is repeated in the margin (see Figure 1 for an example).  
 
The reader is encouraged to consult the document map shown in Figure 2 to readily locate 
recommendations in this document that are specific to the desired R/N response. 
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Figure 1: Important information is repeated in the margin 

This important 
information is 
repeated from 

the text 
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Figure 2: Document map 
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2. IMMEDIATE ON-SITE PROTECTIVE ACTIONS 
 
The purpose of this section is to provide guidance for immediate on-site 
protective actions following an R/N event. These protective actions should be 
implemented as soon as the imminent threat of an R/N event has been 
confirmed. If no prior knowledge exists, these actions should be implemented 
immediately following a confirmed R/N event.  
 
It is important to promptly establish action zones, implement countermeasures 
and notify schools of the event to limit radiation exposure to children. All of 
these immediate actions must be accompanied by the effective communication 
of the risks of radiation exposure and contamination as they relate to children. 
 
The target audience for this chapter includes: 
 

 Child care centre and school staff; 
 Emergency management organization staff;  
 First responders; and 
 Emergency planners. 

 
2.1 Establishing action zones 
 
Action zones must be defined at the outset of an R/N event response in order 
to adequately protect personnel, prevent the spread of contamination and 
enable rapid initiation of prescribed response plans. 
 
Various emergency response agencies have established criteria for action 
zones and the types of activities permitted within these zones. The zone 
boundaries are generally based on measured contamination levels or dose 
rates from radiation survey meters which are usually calibrated to provide 
doses to adults. There is no universally accepted guidance within Canada on 
the various levels for action zones; they differ between municipal, provincial, 
and federal governments.  
 
Regardless of zone boundaries, responsible adults (i.e., assigned or assumed 
guardians) must be present with children at all times in controlled (or ‘hot’) 
zones, while parents of these children who were not involved in the event will 
have to be restricted to the uncontrolled (or ‘cold’) zones. 
 
With regard to the appropriateness of the action zone criteria for children, the 
emphasis should be on preventing exposure and reducing the amount of time 
children spend in a contaminated zone. To maintain practicality the current 
criteria for action zones that are implemented in the case of an R/N emergency 
for the general public are considered to be adequate for children.  
 

Prevent exposure 
and reduce the 
amount of time 
children spend in 
a contaminated 
zone. 
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2.2 Implementing countermeasures 
 
2.2.1 General 
 
An intervention level is defined as the quantity of radiation dose to the public 
that is averted (i.e., “dose savings”) by implementing a particular 
countermeasure. Immediate on-site countermeasures include sheltering, 
evacuation and stable iodine prophylaxis.  
 
For this purpose, the most relevant document is the “Canadian Guidelines for 
Intervention during a Nuclear Emergency”, published by Health Canada in 
November 2003 [9]. This document sets forth recommended intervention 
levels for the application of various countermeasures following a nuclear 
emergency. These levels are largely consistent with those of the IAEA and 
other national and international organizations. 
 
One of the stated principles in deriving the Canadian guidelines was “to base 
intervention levels on doses to the most sensitive group in the population”, 
which was taken to be children. The document points out that age-dependent 
dose coefficients are readily available from the International Commission on 
Radiological Protection (ICRP) and from Health Canada. However, the 
document does make an exception in cases where dose estimates may be 
available only for adults. This might occur if the responder does not have 
immediate access to the full range of age-dependent dose coefficients. For the 
sheltering and evacuation countermeasures, the decision is likely to be based 
on the measurement of external dose rate by a survey meter which has been 
calibrated for adults. This is not a serious limitation as the sensitivity of children 
to external radiation fields is not much different from that for adults. 
 
It is imperative that important countermeasures should not be delayed while 
waiting for complete dose calculations for all age groups. In any case, schools 
and child care centres will follow their normal protocols (e.g., go immediately to 
their classroom) and await instruction form the first responders on whether to 
shelter or evacuate.  
 
2.2.2 Sheltering 
 
Sheltering refers to the procedure whereby the protection afforded by a 
building is utilized to reduce the dose to individuals compared to the dose that 
would be received if the same time was spent outside. Sheltering implicitly 
implies “sealing” of the building to prevent ingress of radioactive particles (i.e., 
closing windows and doors, and shutting off ventilation systems).  
 
Children may be contaminated with radioactive particles before sheltering. 
Upon entering the school or child care centre, they should remove any outer 
clothing including shoes. While disrobing to their undergarments, it may help to 
play a game. If possible and available, children should put on a second set of 
clean clothing (e.g., gym clothes).  
 

Countermeasures 
should not be 
delayed while 
waiting for 
complete dose 
calculation for all 
age groups. 
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It is important to adopt and implement shelter measures that take into 
consideration the age and maturity of children for all mass shelter operations 
(e.g., children will have to be entertained). Keep in mind that children may 
have functional or access needs and there may be language barriers. It is 
helpful to identify roles that older children can play during the sheltering 
process (e.g., buddy system, engage in activities with younger children, 
interpreters). Engage older children in appropriate activities. Even though older 
children will be anxious if they are separated from their caregivers/teachers, 
they are often willing and able to help younger children. However, do not put 
older children in roles with such responsibility that they could eventually 
develop guilt from. 
 
A common procedure implemented at schools and daycares which could be 
easily applied to sheltering actions is the lockdown procedure. Lockdown 
procedures are in used to secure staff and children if they are in potential 
jeopardy from such events as a suspicious person who has entered the 
building, a suspicious package which has been left near the building, or if it is 
less safe to evacuate to the outdoors. 
 
Such lockdown procedures are directly applicable for sheltering during an R/N 
emergency. Using this procedure, children may be sheltered in a reduced dose 
rate environment (e.g., individual classrooms) until they receive personal 
instructions from a responder [10][11]. 
 
If the school is not in lockdown, children should be directed to the interior of 
the building, preferably to an area that has the least amount of windows and 
doors (e.g., gymnasium).  
 
If possible, all of the windows should be closed and covered, the doors locked, 
and if the building has a ventilation unit, then it should be shut down.  
 
Sheltering is most effective during the actual passage of a cloud of airborne 
radioactivity, or if the release of such a cloud is expected imminently. If 
children are removed from the protective structure during this critical period, 
they may be at much greater risk of unprotected exposure to radioactive 
material.  
 
Parents will want to connect with their children, however, they should be 
encouraged to wait until the transfer of children to a safe zone before reuniting. 
If possible, arrange for means of communication between child and parent 
(e.g., phone) during sheltering. For schools in lockdown, parents are not 
allowed into the facility and the window coverings will provide a visual barrier 
between children and parents. If possible, a uniformed officer should be 
stationed at the school perimeter to inform parents regarding the situation.  
 
If a school is not in lockdown, parents who arrive at the school may be allowed 
to join their child in sheltering or take their child with them and leave the 
school. If parents join their children they should remove their outer clothing and 
shoes to prevent spread of contamination. Teachers/caregivers should keep in 
mind that anxious parents who join their children in sheltering could increase 
anxiety in children. If parents insist on retrieving their children from the 
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school/centre, they should be informed of any risks (e.g., the school might be 
in the path of a contaminated airborne plume) and should be notified of 
incomplete actions (e.g., potassium iodide tablets have not been 
administered). 
 
The length of time that children can remain in sheltering is dependent on the 
time of day, availability of supplies, and familiarity of teacher with children. 
These factors should be considered when planning for countermeasure 
actions.  
 
2.2.3 Evacuation 
 
Many people, especially families with children, will self-evacuate immediately 
after the announcement of an R/N event. It has been shown that families with 
children are more likely to evacuate their homes than families without children 
following a natural disaster [12]. 
 
For the evacuation of child care centres and schools, parents may show up 
prior to commencement of evacuation. In these cases, parents should be 
encouraged to meet their children at the evacuation centre. If parents 
disregard this advice and insist on retrieving their children, teachers should 
update their attendance records prior to releasing the children. This will be 
necessary for any future tracking of children during monitoring and 
decontamination. 
 
Child care centres in Ontario must perform monthly fire evacuation drills [13]. 
This includes a full evacuation to a designated location. Practicing monthly 
evacuation drills as a field trip, will help alleviate stresses during a real 
emergency. Emergency bags, which contain basic first aid requirements, non-
refrigerated medications such as bronchial inhalers and Epipens, as well as 
daily attendance lists and children’s emergency contact information, are 
transported to the evacuation site by the staff.  
 
As a licensing requirement of the Ontario Ministry of Education, each centre 
must provide the address of their evacuation site. Parents are notified of this 
site upon registration and frequently through written correspondence such as 
the centre’s newsletter. During an emergency, the location of the evacuation 
site can also be communicated through the same means that convey bus 
cancellation messages. 
 
An alternate evacuation location may have to be designated. In the event of 
dispersion of a radioactive material (e.g., through explosive dispersion), the 
primary evacuation location could become contaminated. In this case, the child 
care centre or school should evacuate to an alternate and uncontaminated 
location. Parents should be made aware of this alternate location. 
 
It is also recommended that child care centres and schools have designated 
transportation to the evacuation location in their emergency plans. For 
example, transportation could be provided by the city transit service. However, 
transportation of potentially radiologically-contaminated persons is contentious 
and some transport agencies may refuse to do this – owing to fear for personal 
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safety, or contamination of the vehicle. For evacuation purposes, mitigation 
strategies for refusal of transportation of contaminated people should be a part 
of the planning process.  
 
The following issues should be addressed when evacuation occurs: 
 

 Tracking of evacuees – Children should be kept together as a group 
and attendance should be taken frequently; 

 Reception site – Location of arrival points should be communicated 
using all available communication channels (including radio, website, 
paper posting, and social media); multiple arrival points may be 
required to accommodate the number of evacuees and different modes 
of transportation. The support and resources needed at an arrival point 
will depend on the site’s location and purpose, resources available, 
incident scope, and needs within the evacuee population (e.g., 
unaccompanied minors, those with functional or medical needs, 
children without identification, etc.); and 

 Communication – Establish a public information mechanism to 
disseminate current information, available in alternative formats and 
languages, on the affected area and describing the support services. 

 
2.2.4 Stable iodine prophylaxis 
 
Potassium iodide (KI) is used to reduce the amount of radioactive iodine 
absorbed in the thyroid. It is taken orally, often in the form of a pill, if outdoor 
air is anticipated to contain radioactive iodine due to most likely, a nuclear 
reactor accident. If no radioactive iodine is present (e.g., an RDD that does not 
contain iodine), then KI will be ineffective. If it is taken after radioactive iodine 
is inhaled, it is less useful because the body has already incorporated some 
radioactive material. Potassium iodide can have side effects and should be 
taken only if instructed to by a medical authority. 
 
For schools in the vicinity of nuclear power plants, potassium iodide pills will be 
administered following the schools guidelines if a nuclear reactor accident 
occurs. 
 
If possible, administer potassium iodide to infants and young children in liquid 
form since they do not swallow tablets easily. A procedure to prepare a 
potassium iodide drink is provided in Annex D, along with recommended 
dosages for children of various age groups. 
 
It is important to note that potassium iodide should only be administered by 
teachers/caregivers when instructed to do so by a qualified medical authority. 
Repeated messaging is necessary to remind parents of the purpose of stable 
iodine and to give instructions for its administration. Parents need to be 
reminded that increasing the dose is not necessarily beneficial, nor is any dose 
for non-related incidents. 
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2.3 Notification of schools and parents 
 
Schools should be notified of an R/N emergency via their Board or any of the 
means indicated below. 
 
The communication medium will vary according to the event and the targeted 
audience during an R/N event. Caregivers will await instruction from first 
responders and other trusted authorities before communicating with parents. 
Communication must be from a trusted source. Only confirmed and informative 
information should be released. The following is a non-exhaustive list of 
communication means available to most municipalities: 
 

 Media (TV, AM/FM radio, print); 
 Municipal internet websites (e.g., local police, school site, school 

board); 
 Trusted social networking sites; 
 Door-to-door communications, if safe to do so; 
 Amateur Radio Emergency System (ARES); 
 Bullhorns; 
 Variable Messaging Signs (VMS); 
 Flyers and brochures; and  
 Transit Next Stop Announcement (NSA) technology.  

 
Child care centres and schools should notify the parents soon after 
countermeasures are implemented, which may be before or after the R/N 
event. The notification should be brief and communicate information regarding 
the actions that the school is undertaking (e.g., sheltering, evacuation, etc.). 
Parents should be reassured about their child’s well-being and be informed as 
to when reconciliation is expected. It is ideal for parents to be notified via 
telephone or text message with an included course of action. It is likely that 
parents will learn of the event from the media prior to being officially notified, 
and that they will try to contact the school immediately or arrive at the 
premises to retrieve their child.  
 
2.4 Risk communication 
 
In radiation related events, risk communication is paramount. Radiation cannot 
be sensed, seen, smelled, felt or measured by the general public. Therefore, 
parents might be concerned about additional exposure of their children 
(contaminated food and/or water; contaminated environment or schools) 
following an event. People will understand the risks of radiation solely based 
on what they are being told. Therefore, the only way people can assess their 
personal risk and that of their children is through authorized communication.  
 
In all likelihood, parents will freely comply with direction from authorities if they 
are first informed that their children are safe and being taken care of (i.e., 
parents will not attempt to pick up their children if they are in lockdown). An 
incremental communication strategy should be implemented by first 
addressing the safety concerns of the public and then gradually introducing 
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more technical details (e.g., radiation effects and spread of contamination) as 
required. This is an effective method of minimizing the psychological impact on 
parents, and by extension children, during an R/N event. 
 
Create an information strategy that deals specifically with mitigating the 
psychological impact on children of an R/N event; focus on what to do, not just 
on negative behaviours or risks. Ensure that the public knows what is normal 
and acceptable (i.e., accurate reassurance is the key). Avoid mixed messages 
when relaying information to the public about their children, as contradicting 
information raises fear and distrust, thus increasing the psychological impact of 
the disaster [14] and could lead to non-compliance with official directives. Also 
minimize the use of technical jargon and units; instead compare risks to 
comprehensible concepts (e.g., radiation dose due to natural background 
sources). 
 
Educate caregivers/teachers and parents that their own reactions to an event 
will have a significant impact on children. Some adults might over-react to the 
news, and this over- reaction can create emotional responses in children. A 
number of elaborate guides and manuals have been developed to assist 
response planners to prepare and train specialists for managing the mental 
health impact of emergencies [15]. 
 
The separation of a child from their parent may provoke more worries and 
anxieties than the event itself. Design messages in such a way to prevent 
additional contamination or exposure due to parent’s efforts to reunite with 
their children (e.g., traveling through contaminated area to pick up a child). 
Information on available resources to support family reunification should be 
included in public messaging efforts.  
 
Messages should demystify radiation using age appropriate language that is 
accessible to all audiences. Anticipate and combat public notions of fatalism. 
Anticipate parents seeking information, especially when their children are 
involved, and prepare a list of trusted sources for parents to refer to. Some 
parents will accept the information best from someone they know and others 
will only accept the information from someone they see as authority. Keep in 
mind that some people can only process a little information at a time while 
others require all information to develop a personal strategic plan. It is 
important to communicate to the public in such a way as to increase the 
number of people who will behave in a predictable manner, so that the 
behaviour, even if sub-optimal, can be planned and prepared for. Be specific 
on what actions to take and under what conditions. For example, prepare risk 
messages for parents and children on why and under which conditions it is 
safer for them to either shelter or evacuate during and after an event. 
 
Use transmission modes that enhance the acceptability of messages to all. 
Social media may be used to communicate quickly and effectively with parents 
(and with children directly) during an R/N event. News media and internet 
sites, once they have been properly briefed, can play a major role in getting 
accurate information out to the public. Pediatric healthcare professionals and 
disaster response experts should work with the media to encourage the use of 
positive news stories and imagery, especially during peak times when children 
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are more likely to be watching television. Consider that children will relate 
radiation risk to their knowledge of cartoon or movie characters. Parents 
should learn the importance of limiting exposure to the media during disasters. 
Media should also be encouraged to warn audiences to remove small children 
before graphic images or upsetting content is covered, and to mention 
explicitly when a scene is a repeat clip and not a new occurrence.  Repeated 
exposure to media coverage of disaster has been shown to cause fear and 
anxiety in children, as they may believe the event is reoccurring. Watching the 
media should be limited to being informed of new instructions, and be 
accompanied with explanations by parents to children. 

 
Provide frequent, timely and accurate information about the status of the R/N 
event. If parents are not sure that their children will be safe, they may not allow 
them to return to school or daycare after the incident. Information on available 
resources to support the return to daily routines should be included in public 
messaging efforts.  

 
Inform parents if child care centres, schools and other facilities (e.g., sports 
centres) are being monitored, or have been monitored and if they are 
contaminated or not. Explain steps that remain to be taken to secure a safe 
environment.  
 
Test risk messages to ensure that they are not too vague or too technical, and 
that they are understood by responsible adults and older children. 
 
A telephone line (similar to TELEHEALTH, a telephone service that provides 
health advice and general health information) should be established to answer 
any questions relating to the event. It is important that a HELP line be staffed 
by qualified and informed persons.  
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3. MONITORING AND DECONTAMINATION 
 
In the aftermath of an R/N event involving the release and dispersion of 
radioactive material, individuals in the path of the radioactive plume (i.e., the 
contaminated airborne particulate) will have to be screened for the presence of 
contamination and decontaminated if necessary.  
 
The purpose of this chapter is to provide recommendations for the monitoring 
and decontamination of children following an R/N event. This chapter focuses 
on the procedures that are involved and provides guidelines for tracking 
children through the process. Since family reunification is of utmost importance 
following the monitoring and decontamination process, guidelines for 
reunification of children with parents are also provided. This chapter explores 
the challenges faced by response or receiver personnel while monitoring and 
decontaminating children.  
 
The target audience for this chapter includes: 
 

 First responders; 
 Receivers; 
 Child care centre and school staff; and 
 Emergency management organization staff. 

 
3.1 Introduction 
 
During an R/N event, it is likely that some contaminated children will remain at 
the scene and present themselves to responders, while others self-evacuate 
either by themselves or with a parent and present themselves to receivers at a 
hospital. The latter is more likely for children not in a child care centre or 
school environment at the time of the event. Within Canada, the capability of 
responders and receivers to perform radiological measurements of 
contaminated persons is highly dependent on location; few municipalities have 
responders and receivers capable of all the measurements discussed here 
while others may have no capability at all. In the case of a municipality 
requiring provincial and/or federal assistance, a centre will normally be set up 
with this capability. Though the location where these measurements are 
performed may vary, the procedures will generally be the same. 
 
In some circumstances children may have incurred injuries from the R/N event 
(e.g., from a “dirty bomb” or an accident such as a broken leg that occurs 
during mass evacuation). In these cases on-site medical triage will be 
necessary. Normal practice is that treatment of children with life threatening 
injuries takes precedence over radiological decontamination. Therefore, prior 
to implementing the monitoring and decontamination recommendations 
described below, the overall well-being of the child must be established.  
 
Performing medical triage of (conventionally) injured (i.e., physical trauma) 
children is well understood by the medical community. Therefore, these 
processes remain unchanged, and receivers and first responders are 
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recommended to use the procedures that are already in place. If an R/N event 
is suspected, and children are severely injured and need to be transported to 
the hospital, the spread of potential contamination should be considered. For 
example, two blankets could be used: an outer blanket, which would cover the 
transport device (e.g., stretcher) to prevent contamination of the child from the 
transport device; and an inner blanket to prevent the spread of contamination 
from the child to the environment. Both blankets aid in body heat retention, 
which is especially vital during cold weather. 
 
It is very unlikely that children will exhibit symptoms of acute radiation 
syndrome (ARS) at the scene of an event. It is more likely that they will be 
presented by a parent at the hospital. ARS symptoms do not immediately 
develop [2] and therefore in the early stages of ARS, it is impossible to rapidly 
discriminate ARS symptoms from other ailments such as the flu. In addition, in 
the vast majority of R/N emergency situations, public radiation exposures will 
be far below the level required to cause ARS. For recommendations regarding 
hospital assessment and treatment of ARS, refer to Section 4. 
 
The remainder of this chapter assumes, if required, that children have already 
undergone triage and have been cleared from requiring immediate medical 
attention.  
 
The following discussion outlines the recommendations during monitoring and 
decontamination, along with considerations and challenges that first 
responders and receivers may experience through this process. The chapter is 
structured to parallel the monitoring and decontamination process as outlined 
in Figure 3 below.  
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Figure 3: The monitoring and decontamination process 

 
3.2 Registration and tracking 
 
It is critical that children are tracked throughout the entire monitoring and 
decontamination process so their status with regards to condition and 
treatment can be ascertained and monitored.  
 
Tracking children will be an exhaustive undertaking as some children will be 
divided based on triage and its subsequent findings For child care centres and 
schools, the director or designate must track all of the children and record 
where they are being transported in the event of an emergency so that this 
information can be provided to the parent to aid in reunification. As such, 
municipalities should develop a plan in coordination with local child care 
centres and schools. An example of a tracking system is provided here. 
 
Tracking a child through the monitoring and decontamination process begins 
with registration, where the child’s information will be recorded. Tracking forms 
may (preferably) be pre-prepared (see the example tracking form in Annex B) 
or improvised at the time of registration (e.g., using the class attendance list). It 
is important to keep in mind that recording of information is time consuming. 
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Therefore, it is important to ensure information is documented in a concise 
manner.  
 
The responsible adult will provide pertinent registration information in cases 
where the children are unable to perform this task. Caregivers/teachers could 
refer to an attendance list, or other readily available documents, in order to 
rapidly provide demographic and other pertinent information. 
 
In most provinces, child care centres (with children ages from 0-12) have 
specific group sizes and ratios of children to staff as regulated by law (e.g., 
The Day Nursery Act in Ontario [10]). It could be possible to further divide the 
children into their assigned groups prior to registration as the staff member 
would have their personal information. This small division would provide 
comfort as the children are with a known caregiver/teacher who understands 
the individual children in their group. The children would not feel alone in the 
crowd and may be more inclined to provide information on one of their friends 
if their friend cannot.  
 
It is recommended that the responsible adult keep track of any forms. For large 
groups of children such as a school class, a “buddy-system” may be used, 
where a younger child is accompanied by an older child, who is responsible for 
the form. This form will be presented at each step of the process and results 
will be recorded on the form by the person responsible for the procedure.  
 
At no point during the process should children become separated from their 
responsible adult. Unaccompanied minors should not be put through the 
monitoring/decontamination process without a responsible adult present to aid 
them. 
 
The children should be given some identifier which may need to be marked on 
their skin. The responsible adult should make these markings so that the 
information on each child is correct from the beginning. Name tags may not 
necessarily work if children are required to decontaminate (i.e., strip their 
clothing and possibly shower). It is recommended to use permanent markers 
to write names on the children. Consideration must also be given to adding 
another indicator (e.g., the name of the child care centre or school that they 
attend). A unique identification number should be assigned to each child so 
that all monitoring, decontamination and treatment information can be tracked.  
 
Depending on the available technology, another, more sophisticated, method 
of tracking the child throughout the monitoring and decontamination process 
could involve the use of identification bracelets. A unique identification number 
would be assigned and a bracelet containing this bar code number would be 
placed on the child’s wrist. Upon arrival at each required step of the process 
the barcode on the bracelet would be scanned. Then upon arrival at the point 
of discharge a report could be printed tabulating the results for the monitoring 
and decontamination.  
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3.3 Monitoring 
 
Children would be expected to present themselves for monitoring in the 
presence of their responsible adult. This adult may have to aid in monitoring 
the children whom they are responsible for. Any assistance that the 
responsible adult provides should be under the direction of the first responder 
or monitoring professional. Due to the fact that children are not familiar with the 
monitoring process, they may be afraid of monitoring equipment and/or scared 
by the monitoring personnel. If possible, allow the responsible adult (who 
ideally has already been monitored) to stay near the child during the 
monitoring process.  
 
During the first trimester of development, the fetus is at the most vulnerable 
stage of organogenesis; therefore, while identifying females at this stage in 
pregnancy may be difficult, it is very important. First responders should ask all 
women of child-bearing age if they are or think they are pregnant. Pregnant 
women should be monitored first due to the increased sensitivity of the fetus to 
radiation. 
 
Children will likely be less compliant than adults and may take more time to 
respond to requests due to fear or misunderstanding. A child’s stress will be 
minimized if there is an adult known to them who can relay instruction based 
on what that individual child is capable of understanding. It may help to mimic 
the instructions and show an example. Familiar stories, songs, small group 
activities or games will help them soothe. Some children will need some 
physical contact, holding, sitting close, stroking, etc.; however, children should 
be reminded not to put their hands in their mouths. Children who have siblings 
in another group but under the same centre’s care should join together if 
possible.  
 
Responders should attempt to demystify the monitoring process. Explain the 
process using age appropriate language as much as possible (e.g., refer to 
“dust” instead of “contamination”). Be clear, brief and specific. Do not be 
aggressive with children undergoing monitoring. Encourage cooperation in a 
calm, professional manner. Allow children to see other children being 
monitored.  
 
The screening measurement for external/internal radiation would be performed 
using either hand-held radiation detection equipment or portal monitors. The 
preferred method is to deploy portal monitors which are capable of processing 
large numbers of people within a short amount of time. However, most 
responders do not have access to portal monitors. Specialized responders 
may be available to provide and operate portal monitors, but the time frame for 
their arrival may be excessive – unless pre-deployed for high profile events 
(normally of a sporting or political nature).  
 
Audible signals from monitoring equipment should be turned off (i.e., use 
headphones) to reduce the psychological effects to children and minimize the 
perception of singling out children who are contaminated. To further alleviate 
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additional stress on the children, first responders should use terminology other 
than “clean/dirty” (e.g., “able to go/stay”). 
 
For screening measurements performed with hand-held equipment, children 
would be monitored in the same manner as adults. The radiation detector is 
scanned over the body from head to toe looking for the presence of 
radiological contamination. In the case of very young children, the responsible 
adult may have to hold the child during the measurement process. This means 
that the responsible adult would have to be assessed first for potential 
contamination in order to eliminate them as a source of contamination during 
the screening process for the child. This would require the responsible adult to 
place the child temporarily in the care of someone else during the assessment. 
If the child is unwilling to be separated from the responsible adult or the adult 
does not want to be separated for any reason from the child, then the 
monitoring would be conducted for both adult and child at the same time. This 
is considered an inferior method because if any contamination is detected, 
both are considered to be contaminated and must be sent for decontamination. 
 
Screening measurements performed using portal monitors requires the person 
to approach and pass between the portal detectors similar to the process for 
the detection of metallic objects at an airport. The process is only possible if 
the individual is ambulatory (i.e., mobile). Young children who are ambulatory 
should be encouraged to walk through the portal individually in order to assess 
for potential radioactive contamination. It is anticipated that many young 
children may be frightened by the measurement process and the responsible 
adult will have to be present at all times to provide direction and reassurance. 
In the case of infants and very young children, it is expected that the 
responsible adult will walk through the portals while holding the child 
(preferably away from direct contact with the responsible adult’s body). In this 
situation, the adult and child will be treated as a single measurement and if 
contamination is detected, they will either have to be measured individually, if 
possible, or both sent for decontamination. Even if the child is found to be the 
sole source of contamination, the responsible adult will have to accompany the 
child for decontamination.  
 
The radiation portals are capable of measuring children as well as adults since 
the radiation detection equipment has near uniform sensitivity from near 
ground level until normal adult head level. The only situation that may be 
problematic is if the responsible adult is holding the child when passing 
through the portal and the adult’s body blocks the radiation coming from the 
child’s body. The responsible adult would be instructed to hold the child at 
arm’s length, if possible, to reduce the shielding effect of their body.  
 
For the cases in which child care centres and schools are directly involved, 
there will be more children than caregiver/teacher. For this case, 
caregivers/teachers should work in tandem. More than one of the group of 
caregivers/teachers would be monitored for contamination, and 
decontaminated if necessary. Then one from the group would accompany 
each child (one-by-one) to the measurement station. After measurement, 
another “clean” (cleared) caregiver/teacher would receive the child and 
accompany to the decontamination site or exit from the hot zone.  
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Another approach would be to employ a “buddy system”, where an older child 
is paired with a younger child and the older child is responsible for 
shepherding the younger child through the entire monitoring process. 
 
Following monitoring, a decision will be made to allow the child to exit the 
process or to proceed to decontamination. At this point the child’s record 
should be updated to reflect the decisions that are made.  
 
3.4 Decontamination 
 
Contamination with radioactive material may not be immediately life-
threatening; however decontamination should be done as soon as possible. 
This decontamination usually does not require the same urgency as chemical 
(or perhaps biological) contamination. In fact more than 80% of radioactive 
material may be removed simply by removing one’s outer clothes and shoes 
[16], while most of the remaining contamination may be removed by washing 
(e.g., sponging or taking a shower). A flowchart of the decontamination 
process for children is shown in Figure 4. 
 
Children should be decontaminated as early as possible post-event owing to 
their inherent increased radiation sensitivity. Of perhaps greatest concern here 
is the inhalation or ingestion of contamination due to the tendency of children 
to have their hands near or in their mouths. This quickly transforms a less 
serious external contamination threat into a more serious internal threat. Toys 
and objects that may be contaminated should be discarded (i.e., bagged and 
thrown away according to instructions). 
 
Priority for decontamination should be given to pregnant women who are 
confirmed to be contaminated.  
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Children with critical injuries are transported to the hospital without decontamination
Children with non-critical injuries are decontaminated before those who are uninjured

AmbulatoryNon-ambulatory

Estimate child’s age by visual inspection

School Age Preschool Infants and Toddlers

disrobe by
child’s caregiver 
and “hot zone” 
personnel

place on a
stretcher or
restraining
device

escort through
the decon
shower by “hot 
zone” personnel 
and caregiver

direct
supervision of
decon (of
caregiver too)

monitor airway

disrobe without
assistance

respect modesty

respect privacy

child decons
him/herself, but
goes through
decon shower in
succession with
caregiver, parent
or classmates

assist disrobing
(child’s caregiver 
or “hot zone” 
personnel)

direct
supervision of
decon

monitor airway

escort through
the shower by
either caregiver
or “hot zone” 
personnel

disrobe by child’s 
caregiver and “hot 
zone” personnel

place on a stretcher
or restraining device

escort through the
decon shower by
“hot zone” 
personnel and
caregiver

direct supervision of
decon (of caregiver,
too)

monitor airway

treat or prevent hypothermia (towels, gowns, warming blankets)

immediately give a unique identification number of a wristband (or equivalent)

triage to an appropriate area for further medical evaluation

Please note: Children and their families (parents or caregivers) should not be separated
unless critical medical issues take priority.

 
Figure 4: Flowchart for decontaminating children at the hospital  

 
Consider custodial care throughout the decontamination process and the 
period following it. Plan for more personnel (pre-screened for security and 
safety) to assist with the decontamination process by communicating 
instructions, guiding children through the process, and maintaining a sense of 
calm, safety and process efficiency. 
 
Dry decontamination is favoured over wet decontamination. Dry decontam-
ination is performed by first removing outer layers of clothing, and removing 
contamination from the skin using a slightly damp cloth or towel. For example, 
baby wipes can be used for dry decontamination, and are usually easily 

Decontamination 
systems should be 
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use by families 
and children of all 
ages. 

Flowchart for 
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obtainable. If contamination persists following dry decontamination, it may be 
necessary to perform wet decontamination. Wet decontamination refers to 
using water, detergent or soap, and scrubbing with a soft brush to remove 
contamination (i.e., taking a shower).  
 
The emergency plan should consider the cold climate experienced in Canada. 
Even if the decontamination consists only of disrobing and wet naps to sponge 
off the radioactive particles, the decontamination corridor must be heated to 
maintain the core temperature in children. The distance between the 
decontamination shower and the triage area should be minimized to limit the 
exposure of children to the elements (e.g., outside air). Furthermore, foot 
coverings are essential and it may be necessary to use designated buildings 
that are heated, contain showers and change rooms, and provide privacy. 
 
Instructions given to children about the decontamination process should be 
clear, short and age-specific; children need to understand what is going to 
happen and feel a sense of security. Maintain privacy with the use of cordoned 
off, gender-specific areas, especially with older children. Ideally, only adults of 
the same sex as a child should help them with undressing.  
 
If the children are under the care of a child care centre or school, then the staff 
member responsible for the group will speak to the children about the need to 
disrobe. If time allows, perhaps they can play a game (e.g., everyone take off 
their socks, etc.). Providing a thorough explanation of next steps required in 
decontamination and the reason why an action is taken will help offset anxiety. 
This particular step will be very difficult for most children, because they will not 
want to disrobe in front of their peers. If disrobing is required, children should 
remove their outer layers of clothing and shoes but leave their undergarments 
on. It will help to have the leader of the group (e.g., the principal) disrobe first. 
 
Explain to children why clothes will have to be disposed of. Children may not 
want to leave their favorite and cherished clothes behind. Do not make 
promises, such as they will get a similar replacement for a discarded item, that 
may not be true. 
 
Infants are non-ambulatory and require special care from responders and 
responsible adults for effective decontamination. Two people should always 
handle the transfer of an infant during the shower to avoid dropping the infant. 
It may be more effective to use a stretcher to facilitate total access to the child. 
This process requires that the infant to be placed on their side, rather than 
their back to prevent aspiration of the water. The same procedure could be 
used for other non-ambulatory (possibly injured) children. 
 
Owing to the sensitivity of children’s skin, one must be careful in what – if any 
– solutions are added to water in attempt to remove external contamination. In 
general, a mild soap should be considered as the only viable option.  
 
The decontamination water should be heated to 100 degrees F (38 degrees C) 
to help minimize the likelihood of hypothermia occurring in children. 
Remember that children are more susceptible to hypothermia than adults.  
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After decontamination, the children should be dried thoroughly, and wrapped in 
appropriately-sized towels, flannel blankets or foil/space blankets. Diapers will 
be required for infants. Older children may require special attention (e.g., 
feminine products for older girls).  
 
The decontamination of children will be very labour-intensive and time-
consuming. Undressing and dressing of children will take time and human 
resources. To have dedicated chaperones for the children, the magnitude of 
people required would greatly hamper operations. The “Buddy System” may 
possibly be a useful alternative, and it effectively uses the older children to be 
the “Big Brother/Sister” for younger children. Formalizing a buddy system 
would help children feel safe as well as accelerate many of the procedures. 
However, it is important to consider the effect of placing additional 
responsibility on the older child, who may be suffering the same anxiety as the 
younger child.  
 
Another important consideration is that, although it has been assumed that 
caregivers/teachers will volunteer to help, they are not mandated to do so. It 
may be for a variety of reasons (such as female workers of child-bearing age 
or other personal reasons) that the workers may feel uncomfortable in an R/N 
event, and may choose not to help. Although the caregiver/teacher may not 
directly assist with decontamination, they must remain responsible for the 
children until the parent releases them from this responsibility. 
 
Therefore, for all of the reasons above, whenever possible, families and/or 
social units (e.g., sports team or classmates) should be decontaminated 
together, where possible, in order to minimize anxiety reactions in children.  
 
If children are completely uncooperative during the decontamination process, 
consider the “last-resort” option of sending them home to decontaminate (by 
showering) with parental assistance to ease the burden on the system.  
 
Following decontamination, the child will be re-monitored (see Section 3.5). At 
this point the child’s record should be updated to note that decontamination 
has been performed.  
 
3.5 Re-monitoring 
 
Following decontamination, the child will re-enter the monitoring process (see 
Section 3.3). If no contamination is found, the child will exit the process. If 
contamination is still present, the monitoring and decontamination processes 
may be repeated (i.e., repeat Sections 3.3 and 3.4). 
 
3.6 Reunification  
 
Once the monitoring/decontamination process has been completed, the 
tracking form will be collected by administrative personnel prior to the child and 
parent leaving the premises. If important demographic information is missing 
from the form, such as contact information for follow-ups, then an attempt can 
be made at this point to obtain the required information. 
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There will be many factors in the reunification process that need to be 
considered. The goal of family reunification is to ensure children's protection 
and well-being by prioritizing the identification, registering, and documenting of 
unaccompanied and separated children as quickly as possible in an R/N event. 
 
For safety (legal) reasons, after the parent locates their children, the identity of 
the parent will need to be confirmed. The reunification process will be 
expedited if the caregiver/teacher has been able to remain with the child, so 
that they can identify parents. If this is not the case, parents will need to offer 
identification (e.g., child’s health card) before the child is released to the 
parent. 
 
Child care centres, school, etc. should suggest to responsible adults methods 
of teaching children their names, contact information, and how to avoid 
separation. Schools should provide simple, age-relevant informative materials 
that help children understand and remember re-unification plans. Small 
children may not be able to communicate enough information to adults around 
them to be reunited with their families, or they will be afraid to communicate 
this information to unknown persons. As for any type of emergency, the family 
reunification process will be facilitated if children know what, with whom and 
how to communicate with others (e.g., police, first responders, medical staff, 
etc.). 
 
Strategies and plans for reuniting families in case of an R/N event should be 
prepared in advance (pre-event), and rehearsed for efficacy, if possible, 
including children and parents. Plans should be in place to keep parents 
informed of activities. Planning must consider children who are at home, in 
school/daycare, other supervised activities (e.g., sports, recreational) or in 
transit, as well as children who, for various reasons, cannot be reunited with 
their families. Involve parents in family reunification strategies. Help them 
understand the emergency plan and the family reunification process, and 
encourage them to practice with children. Plan ‘positive stories’ (i.e., good 
initiatives, silver lining) for the media to create a positive snowballing effect. 
 
Child care centres and schools have the parents’ contact information and 
ideally they could reach the parents directly with the appropriate reunification 
address. Multiple communication avenues should be considered in case there 
is failure in one of the networks (e.g., radio, cell phone, instant messaging).  
 
In the planning stage and during the event, law enforcement and child 
protection agencies need to be involved to ensure proper measures are 
implemented. There are issues with family violence during these events and 
these need to be monitored. As well, organizations need to be aware of issues 
around separation/divorce and child custody when reunifying families. Law 
enforcement may have to be involved to implement court orders (e.g., a 
restraining order).  
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4. MEDICAL MANAGEMENT 
 
The purpose of this chapter is to provide recommendations for the medical 
treatment of children exposed to ionizing radiation from an R/N event. The 
management of children suffering traumatic injuries and acute medical illness 
is an everyday occurrence and is treated via conventional medical practice. 
Children who have also been exposed to ionizing radiation in an R/N event 
should not be managed differently from conventional protocols but with the 
following added advice and precautions. 
 
The target audience for this chapter includes: 
 

 Receivers; and 
 Emergency management organization staff. 

 
4.1 The triage process 
 
Children who arrive at the hospital that are believed to have been affected by 
an R/N event will require triage to prioritize and determine a proper place (e.g., 
emergency room) for treatment. Children are fundamentally healthy and do not 
consume health care services based on their proportionate population. Thus, 
surge capacity for pediatric populations in a disaster means fewer hospital 
beds, fewer specialists, fewer resources and less experience with critical 
illness.  
 
Due to the nature and evolution of signs and symptoms in radiation injury, the 
triage process will need to be carried out in two distinct phases (Figure 5): 
 

 A primary triage phase; and 
 An extended triage phase. 

 
The primary triage phase is divided into 3 main stages that take place within 
the first hour: 
 

 Stage 1: The life saving stage that is carried out by emergency 
response teams or hospital staff. 

 Stage 2: Casualties are sorted into 3 main groups: 

o Casualties with severe additional trauma – They will be fast 
tracked to the hospital for urgent treatment regardless of 
whether they are contaminated or not; 

o Contaminated casualties in stable condition – They will be 
moved to an area to be decontaminated; and 

o Uncontaminated casualties in stable condition – They will be 
assessed to see if they could have possible internal 
contamination. Ideally this should happen as quickly as possible 
– realistically this will depend on the availability of monitoring 
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equipment to determine the nature of the radiation hazard 
before monitoring of casualties can be carried out. 

 Stage 3: Assessing the level of internal contamination if suspected, and 
treating the casualty as appropriate.  

 
Ideally, the first three stages should be achieved within the first hour of 
radiation exposure. 
 
The extended triage stage is where further investigation and management will 
take place in a hospital facility. Casualties will be triaged according to their 
symptoms and medical conditions by the medical attending staff. This stage 
will take place from hours to up to 60 days with constant monitoring and 
investigation to determine the possible development of acute radiation injury 
and acute radiation syndrome.  
 

 
Figure 5: The triage process 

The triage 
process. 
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For children, as with adults, it is of paramount importance that the times of all 
signs, symptoms, as well as results of the preliminary medical examinations 
and investigations be accurately recorded. This will enable physicians to 
correctly assess the progress and development of organ injury resulting from 
exposure to radiation. Treatment will be based on the recorded information 
and findings of successive observations and investigations. 
 
Children will be triaged for general ailments along with signs and symptoms of 
radiation injury. As part of extended triage, the child’s history should be 
considered to determine if their symptoms (e.g., nausea or vomiting) are due 
to radiation injury or other ailments. As with all traumatic events, there will also 
be anxiety-caused patients (i.e., worried-well) self-presenting at the hospital. 
Recording the location of the children during the event could help distinguish 
between worried-well and those who suffer acute radiation injury.  
 
Addressing parental concerns will be key during the triage process, as many 
parents will present with their children even if their children are not 
experiencing symptoms. Parents should be reminded that if children were not 
within the vicinity of the event, it is very unlikely that their children have been 
exposed to radiation and will experience related symptoms. Having information 
to provide reassurance to the parents (e.g., pre-prepared pamphlets) is of 
utmost importance. Parents should be given all available information such as 
wait times for those who do not require immediate medical attention. This may 
encourage patients who have general ailments or are likely worried-well to 
return home, and allow their symptoms to pass without the need of medical 
intervention.  
 
The initial management of children suspected of contamination by radioactive 
material involves: 
 

 Considering all children that enter a medical facility after an R/N event 
contaminated unless verified as non-contaminated; 

 Performing all immediate life and/or limb-saving actions; 
 As a method of decontamination, removing contaminated clothing in a 

manner that does not hinder life and/or limb-saving actions1.  
 Ensuring contaminated children are not barred entry to a medical 

facility. 
 
4.2 Life saving 
 
Life-saving actions are performed in the same manner whether or not 
radioactive contamination is present. Emergency response teams will need to 
follow their own protocols for their protection against radiological hazards. 
 
                                                
1 During initial medical management all clothing that is removed must be kept in a plastic bag to 
prevent further spread of contamination. Contaminated clothing in bags must be removed to a 
safe area for later monitoring. Avoid piling all the contaminated clothing together as this could 
form a second radiation hazard. 
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The general principles for triage in radiation emergencies are:  
 

1. Medically unstable children who are contaminated should receive the 
requisite emergency medical treatment in a specifically designated 
area that will knowingly become contaminated, and then be 
decontaminated; and 

2. Medically stable children who are contaminated should be 
decontaminated first, and then receive treatment if necessary. 

 
To address the triage challenges specific to children, it might be useful to refer 
to models that some emergency departments have formulated as a new 
algorithm for pediatric triage in mass casualty events. This algorithm can be 
modified to consider acute radiation injury following R/N events (see Figure 6) 
if used by a clinician with experience in pediatrics and trauma care. The 
algorithm has several advantages including:  
 
 It eliminates time-consuming measurement of vital signs; 

 It takes into account the level of consciousness in children too young to 
walk; and 

 It uses three priority categories:  

o 1 - immediate care/resuscitation room; 

o 2 - urgent care/emergency department; and 

o 3 - unsalvageable. 

 

 
Figure 6: Pediatric triage for mass casualty events, modified for radiation effects 

 
Medical stabilization of the child is the top priority of the health care provider, 
even though the child may be contaminated. As medical personnel are 
assessing the medical stability of the child, a quick head-to-toe survey may 
provide sufficient evidence of the presence of contamination. Depending on 
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available resources, it may be necessary to designate a controlled area within 
the emergency department. The department may also request the assistance 
of a health physicist.  
 
4.3 Assessment and treatment for internal 
contamination 
 
On reaching the hospital, consider that most of the external contamination can 
be removed by removing the outer clothing. A priority must be placed on 
identifying the hazards (i.e., the radioisotopes) before investigations for internal 
contamination can be made. Once the isotopes have been identified decisions 
must be made on how to identify the isotopes in the patient. Methods for 
isotope identification include: 
 

 Total body scan; 

 Collection of urine and feces; 

 Collection of blood; and 

 Nasal swabs (Note: Most nasal contamination will clear within 30 
minutes). 

 
The longer a radioactive substance is in close proximity to living tissues, the 
greater the dose. A vital part of the management of children with internal 
radioactive contamination is the ability to identify the nature of the radioactive 
substance as soon as possible. This is of paramount importance and the 
equipment to determine the nature of the isotope involved should be available 
at the shortest possible notice. Without this information treatment of casualties 
with internal contamination will not be possible.  
 
There are six key factors that need to be known before any treatment to 
remove the radioactive substance from the body can be attempted: 
 

 Element concerned (e.g., iodine to thyroid, radium to bone); 

 Chemical form (e.g., tritium gas accumulates in the skin and lungs only, 
tritiated water is distributed to the whole body); 

 Solubility (e.g., insoluble plutonium stays in the lungs, soluble 
plutonium goes to bone); 

 Particle size (e.g., 1 to 10 micron particles are not cleared by muco-
ciliary escalator in respiratory tree); 

 Biological and radiological stay time; 

 Radiation produced (e.g., alpha, beta, gamma). 

 
To reduce the acute effects of radiation exposure and the long term risk of 
cancer from internal contamination, the aim of treatment is to reduce the 
amount of radioactive material that remains within the body as soon as 
possible. This is accomplished by reducing absorption and internal deposition 
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and enhancing excretion of the radioactive material.  
 
Decorporating agents are compounds that bind with a specific element, or 
group of elements, preventing them from being incorporated into the body. 
Decorporating agents for the most common isotopes should be readily 
available. These agents should only be administered under the direct 
supervision of a qualified medical professional. 
 
After radioactive material becomes incorporated into body tissues with slow 
turn-over, the effectiveness of decorporating agents is significantly reduced. It 
is therefore generally accepted that decorporating agents are most effective 
when used as soon as practicable after exposure. Children need special 
consideration when using decorporating agents, to prevent dehydration, 
electrolyte imbalance or aspiration. Cooperation of children to follow direction 
for treatment even for increased fluid intake may be limited and time 
consuming. 
 
When deciding on treatment for internal contamination using decorporating 
agents, the above six key factors must be considered along with the 
associated risk and benefit (i.e., whether the chemical toxicity of the 
decorporating agent is a greater risk to the child than the combined 
radiological and chemical risk if no treatment is administered).  
 
If the radioactive element is known, then specific decorporating agents can be 
used to bind to the radioactive substance and reduce the absorption. There 
are also ways of enhancing the excretion of the radioactive substance (e.g., 
diuretics, sweating through exercise, etc.), depending on the nature of the 
substance. The behaviour of radioactive elements in the body is no different to 
the same non-radioactive element concerned and the way that toxic chemicals 
are treated and eliminated from the body is exactly the same whether they are 
radioactive or not. This is applicable to children as well where treatment for 
elimination of toxic chemicals will be the same whether they are radioactive or 
not, taking into account the appropriate dosage for children. The treatment for 
non-chemically toxic substances that are radioactive will depend on the type of 
radiation and potential absorbed dose to the patient.  For children, the urgency 
to decorporate will be greater due to the increased sensitivity to radiation injury 
(see Annex A). 
 
The preferred treatment modality will depend on properties of the radionuclide 
and the route of entry. Refer to Annex C for a discussion of specific treatment 
options for children.  
 
4.4 Assessment and treatment of acute radiation 
injury  
 
Injury from exposure to ionizing radiation is not immediately apparent and the 
severity depends on the type of radiation, the time over which the exposure 
occurs, the bodily tissues affected and the absorbed dose. In the public eye 
there is elevated fear, ignorance and misperception about the dangers of 
ionizing radiation because it is not visible and is associated with the 
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development of cancers and perceived hereditary abnormalities. There have 
been no studies in humans that have confirmed that exposure to ionizing 
radiation results in inherited abnormalities.  
 
It is important that patient history be tracked, so development of symptoms can 
be monitored. If radiation exposure is suspected, the following investigations 
should be performed as soon as possible and recorded on the patients 
documents: 
 

 Thorough physical examination; 

 A complete blood count (lymphocyte tests, reticulocyte count);  

 Lymphocytes sent for cytogenetic tests; and 

 Chromosomal analysis. 

 
Other investigations may include: 
 

 Chest and abdominal x-ray (keeping in mind that medical imaging 
techniques such as x-ray will give a dose of radiation); 

 Magnetic resonance imaging (MRI);  

 Electroencephalogram; and 

 Electrocardiogram. 

 
If radiation exposure is not suspected, physicians must still be aware that the 
following may be indicators of underlying radiation injury: 
 

 Unexplainable nausea and vomiting; 

 Bleeding; 

 Abnormal blood counts; 

 Erythema (i.e., reddening of skin); 

 Hair loss; 

 Skin injury; 

 Mucositis (inflammation on mucous membranes e.g., in mouth); 

 Parotitis (inflammation of parotid glands in cheeks); 

 Weight loss; and 

 Fever. 

 
If the radiation dose is large (e.g., greater than 1 Gy), acute health effects may 
be observed in the exposed individual. Acute health effects may be 
categorized as those due to exposure to the whole body or to a localized area 
(see Figure 7). The signs and symptoms of the deterministic effects of acute 
radiation exposure to the whole body and to the skin are outlined in Table 1.  
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Figure 7: Acute radiation injury 

 
Table 1: Potential deterministic effects from dose to whole body and to the skin 

Organ or tissue Dose (Gy) 
Deterministic effects 

Type of effect Time of occurrence (days) 
Whole body 
(bone marrow) 

> 1 Acute radiation 
syndrome (ARS) 0–60 

Skin 

3–10 Erythema 14–21 
> 3 Epilation 14–18 

8–12 Dry 
desquamation 25–30 

15–20 Moist 
desquamation 20–28 

15–25 Blister formation 15–25 

> 20 Ulceration 14–21 
> 25 Necrosis > 21 

 
Exposure to high dose, total body irradiation in a short time can result in acute 
effects and what is generally called “Radiation Sickness”. Radiation sickness is 
another term used to describe the Acute Radiation Syndrome (ARS). 
 
ARS is defined as the composite of characteristic signs, symptoms and health 
impairments after total body irradiation or large volume partial body irradiation. 
Development of ARS is due to the damage of early reacting organ systems, 
and is manifest within 60 days [2]. An initial phase (prodromal) (for first week 
after exposure) can be distinguished from a manifest illness phase.  
 
ARS occurs when a person is exposed to whole-body absorbed doses of more 
than 700 mGy within a very short time period [2]. ARS varies in nature and 
severity, depending on:  
 

 The radiation dose received; 

 The dose distribution inside of the body (i.e., what organs were 
irradiated); 

 The rate at which the dose was received; and 
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 Individual susceptibility.  
 
Signs and symptoms of radiation injury are not specific and are common with 
many other medical conditions. Diagnosis is based on history and a 
combination of signs and symptoms that may or may not be related to injury 
from ionizing radiation. In addition to common symptoms experienced by ARS 
and other sicknesses (e.g., nausea vomiting and diarrhea), the physical 
findings that help discriminate general ailments from ARS are summarized in 
Table 2. 
 

Table 2: Physical findings that may be early indicators of acute radiation 
syndrome [17] 

Vital signs Skin Nervous 
system 

Gastrointestinal 
tract Hematologic 

-Fever 
-Hypotension 
-Tachycardia 
-Tachypnea 

-Erythema  
-Edema  
-Blistering* 
-Desquamation* 

-Impaired level of 
consciousness  
-Ataxia  
-Papilledema  
-Motor/sensory 
deficits  
-Presence/ 
absence of 
reflexes 

-Abdominal 
tenderness  
-GI bleeding 

-Bruising* 
-Ecchymoses* 
-Petechiae of 
skin/ mucous 
membranes* 

*If caused by acute radiation exposure may not be evident in the first 96 hours; these evolve over time. 
 
When a combination of these symptoms appear, which may not be apparent in 
the first 96 hours after exposure, they will provide clues to possible radiation 
injury. The time of onset of signs and symptoms can also be indicators of the 
severity of injury. For example, if symptoms of nausea and vomiting appear 
sooner it is expected that the radiation injury be more severe. However this 
symptom alone could also be due to anxiety and fear.  This is why a controlled 
systematic approach to the medical management of radiation injury is of 
paramount importance. Children who have sustained physical trauma as well 
as radiation injury are said to have combined injury and, in general will have a 
worse prognosis. 
 
The treatment of acute radiation injury will be patient specific and depend only 
on the symptoms, and not on a perceived or estimated radiation dose. It is 
imperative that all signs, symptoms and results of the preliminary medical 
examinations and blood tests are accurately recorded. Several clinical 
syndromes may occur individually or in combination, including: hematopoietic, 
cutaneous, gastrointestinal and neurovascular syndromes. The collective signs 
and symptoms of these four organ systems can be followed to determine the 
severity of radiation injury, document the evolution of ARS, and document the 
prognosis to enable a decision to transfer to a specialist hospital if required. 
 
An example grading scheme is the response category concept derived from 
the METREPOL [18] (Medical Treatment Protocols for Radiation Accident 
Victims as a Basis for a Computerised Guidance System). This applies to 
adults and children, although children add an extra degree of difficulty and 
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require expert pediatric management. Performing treatment based on this type 
of system will enable treatment to be tailored to a particular individual. For 
example, for ARS the following treatment options are available according to 
METREPOL [18]:  
 

 Supportive care; 
 Substitution (blood component therapy); 
 Stimulation (growth factor therapy); 
 Stem cell transplantation; and 
 Surgery. 
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5. LONG-TERM ACTIONS 
 
The purpose of this section is to provide recommendations for the long-term 
(months to years) monitoring of children who were contaminated or exposed 
during an R/N event. Guidelines for whole body counting and specific organ 
monitoring are provided. Considerations for food and water management, 
radiological follow-up and medical follow-up are also discussed. Finally, 
recommendations regarding psychological follow-up are provided.  
 
The target audience of this chapter includes: 
 

 Emergency management organization staff; 
 Receivers; and 
 Child care centre and school staff. 

 
5.1 Long term cancer risk for children 
 
The greatest long-term concern for children (including children in utero at time 
of exposure) and adults is the eventual development of cancer. Accurate 
assessment of dose can be used to predict the probability of radiation-induced 
cancer. The UNSCEAR 2012 report [19] has shown that lifetime risks for 
certain cancers can be considerably higher for children than for adults. These 
risks are summarized in Table 3 as excess relative risks (ERR) per sievert. 
The doses reported are effective doses (i.e., based on a dose to the whole 
body). An ERR = 0.0 implies no increase in risk over the normal background 
rate in the population. An ERR = 1.00 implies a 100% increase in risk over the 
background rate. The absolute risks can be calculated if one knows the 
background rates for each cancer type.  
 

The greatest long-
term concern for 
children is the 
development of 
cancer. 



Recommendations for the Effective Management of ISR Report 4025-01-03 
Children During a Radiological/Nuclear Event  August 2013 
 

 
International Safety Research Inc.  

Page 36 

Table 3: Excess relative risk of cancers per sievert for acute exposure 

Cancer type 
Excess relative risk (ERR1) per sievert (Sv) 

Reference Exposed at  
<20 y 

Exposed at  
20-40 y 

Exposed at  
>40 y 

Leukemia 
incidence 8.27 3.59 3.98 LSS2 (Preston, 

1994) 
Leukemia 
mortality 6.63 3.07 3.15 LSS (Preston, 

2004) 
Breast cancer 
incidence 1.10 0.86 0.65 

Flouroscopy3 
(Preston, 2002) 

Breast cancer 
incidence 1.89 1.31 0.62 UNSCEAR 

2008 

Breast cancer 
mortality 2.94 1.01 <0 UNSCEAR 

2008 
Thyroid cancer 
incidence 3.93 0.99 0.29 LSS (Preston 

2007) 
1 ERR = 1.00 implies a 100% increase in risk over the background rate. 
2 LSS = Life Span Study of A-bomb survivors. 
3 Fluoroscopy treatments for tuberculosis in girls and women. 
 
This table is valuable in two ways. It can assist medical personnel in deciding 
whether lifetime follow-up for cancer is justified. It can also be used in post-
accident counseling. For example, suppose a child receives a dose of 1 mSv 
following an R/N event. According to the UNSCEAR table, the ERR of 
leukemia for this child would be 0.008, i.e., only a 0.8% increase in risk over 
the background value. This can be re-assuring for both the child and the 
parents. It also indicates that intensive medical follow-up is not necessary. 
However, even if doses are very low, a registry to track a child’s future medical 
records should be set up for all affected children to aid in future epidemiology 
studies.  
 
Even if whole body doses are low, particular attention should be paid to 
children if there has been a significant release of radioiodine. Iodine 
concentrates in the thyroid gland and, since children have very small thyroids, 
the dose to the gland can be large. Long term follow-up is essential to detect 
possible cases of hypothyroidism and growth retardation. Examinations should 
be carried out for thyroid nodules, which could be a precursor of thyroid 
cancer. With early detection and proper treatment this type of cancer has a 
high survival rate (~ 98% [20]).  
 
In addition to children, women who were pregnant at the time of the event 
require special counseling and follow-up. Expectant mothers will be worried 
about the outcome of their pregnancies and have undoubtedly heard many 
worrying stories about deformed babies following high radiation exposures. 
They can be re-assured by the fact that negative pregnancy outcomes in 
humans have not been observed until doses reach very high levels – high 
enough to produce symptoms of acute radiation syndrome in the mother.  
International organizations [21][22] have established a threshold of 150 to 200 
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mSv (millisieverts), below which there would be no likelihood of effects on the 
fetus.   In the vast majority of emergency situations, public exposures will be 
far below this level.  
 
5.2 Whole body counting and organ monitoring 
 
Depending on the quantity of radioactive material inhaled or ingested by the 
child, follow-up in vivo measurements may be required in order to better 
determine possible biological effects from the radiation exposure. These 
measurements should be performed in the days following the exposure, 
possibly over a period of time comprised of several days to weeks. The 
measurements would normally be performed in a specialized facility that 
regularly performs these types of measurements. 
 
Presently there are approximately a dozen whole body radiation counting 
facilities and three organ-specific counting facilities located in Canada. The 
majority of these facilities are located at nuclear power plants or nuclear 
research facilities. It is uncertain (although unlikely) whether these facilities 
would make available their equipment in the aftermath of a nuclear event. Most 
equipment at these facilities are also calibrated for the measurement of a 
typical worker – an adult male or female. If a child is measured and the result 
analyzed with a calibration for an adult, the measurement result will then 
incorrectly estimate the internal activity present which could result in a wrong 
diagnosis for treatment. To help alleviate this problem, the normal protocol for 
diagnosis would also include the analysis of bioassay samples such as urine 
specimens. 
 
The only counting facility in Canada that presently has calibrations in place for 
the whole body counting of children is located at the Human Monitoring 
Laboratory (HML), Radiation Protection Bureau of Health Canada in Ottawa. 
These calibrations are presently limited to body sizes corresponding to an 
average four year old child or ten year old child. No calibration presently exists 
for the measurement of an infant. 
 
No infant or young child specific organ calibrations, such as calibrations for 
thyroid monitoring, exist at this time so radiation activity determinations would 
have to be performed using existing adult organ calibrations. The 
measurement result will then incorrectly estimate the activity present so users 
should be aware of this potential error in the activity determinations. 
 
The procedure for whole body counting or lung counting usually requires the 
child to be measured inside a counting chamber. The child may become 
frightened during the counting process and refuse to participate especially 
since it would require them to be isolated from their parent inside the chamber. 
Therefore, the parent should be prepared to accompany the child into the 
chamber, if possible. Another option would be to allow the child to bring a 
friend into the chamber or have the child engage in an activity inside the 
chamber (e.g., watch a movie). The normal counting time is approximately five 
minutes for a whole body count and 10 to 60 minutes for an organ count, 
which is likely too long a period of time to expect a child to remain relatively 

Using adult whole 
body counter 
calibration factors 
can result in an 
incorrect estimate 
of activity and 
wrong diagnosis 
for treatment. 

No calibration 
presently exists 
for the whole body 
counting of an 
infant. 

Have a parent or 
friend accompany 
the child into the 
chamber during 
the monitoring 
process. 



Recommendations for the Effective Management of ISR Report 4025-01-03 
Children During a Radiological/Nuclear Event  August 2013 
 

 
International Safety Research Inc.  

Page 38 

motionless. These measurements may be able to be performed over multiple, 
shorter counting time sessions assuming that: 
 

1. The system is stable and background is fairly constant; 

2. There is no loss of retention of the contaminant (physical or biological); 
and 

3. The distribution in the body does not change. 

 
Given the psychological challenges associated with whole body and organ 
counting, it is important that parents and counting personnel demystify the 
monitoring process. For example, compare the process with a routine medical 
procedure that children might be familiar with. Explain the process using age 
appropriate language as much as possible. Be clear, brief and specific. Allow 
children to see other children in the monitoring process.  
 
5.3 Food and water management 
 
Ingestion dose coefficients (sievert per unit activity of radioactive material) are 
invariably higher for infants and small children than for adults [23]. For many 
common radionuclides, e.g., P-32, Co-60, Zr-95, Mo-99, Ru-106, I-131, Ce-
144, Po-210, Ra-226, Th-228, this difference can amount to a factor of ten or 
more. The effect of the higher dose coefficients may be offset to some degree 
by a child’s lower ingestion rates for food and water. In a given situation, an 
assessment needs to be carried out involving the concentrations of specific 
radionuclides in food and drinking water items, the amount of these items 
consumed by children of various ages, and the dose coefficients for each 
radionuclide. The contamination of milk and milk products is particularly 
important, since they make up a much larger fraction of the diet of infants and 
children as compared to the adult diet.  
 
A useful document here is the Canadian Guidelines for the Restriction of 
Radioactively Contaminated Food and Water Following a Nuclear Emergency, 
published by Health Canada [24]. These guidelines are generally consistent 
with other national and international organizations such as Codex Alimentarius 
and World Health Organization.  
 
The derivation of the guidelines uses an extremely conservative (protective) 
methodology. It is assumed that each major food group is contaminated for an 
entire year by long-lived radionuclides and for two months by short-lived 
radionuclides such as I-131. Doses are calculated for each age group, and the 
age group or groups receiving the highest doses (usually infants and children) 
are used to set the guidelines, so that doses do not exceed 1 mSv for any food 
group.  
 
Pregnant women or nursing mothers were not considered in the development 
of these guidelines. It is a question of how much of a given radionuclide 
crosses the placental barrier or is excreted in breast milk.  
 
If one recalls that average background radiation amounts to 2 to 3 mSv per 
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year, then consumption of these food items at or below the action levels of 1 
mSv would have a negligible impact on health for any age group.  
 
Parents should be informed if and when basic food-stuffs of children’s daily 
diet, especially water and milk, are safe for their children (i.e., under the dose 
limits). It should also be explained how it is known that food-stuffs are safe. 
Breastfeeding mothers should be highlighted in the message outlining the 
importance of exclusive and continued breastfeeding, the ways in which 
mothers can increase their milk supply and details of where mothers can 
obtain assistance if they are experiencing breastfeeding difficulties.  
 
5.4  Radiological follow-up 
 
Areas in the vicinity of the R/N event may be considered unsafe for human 
occupation due to high levels of radiological contamination. Over time, the 
activity of radioactive material in these areas will diminish due to radioactive 
decay, displacement from weathering (rain and wind) or physical removal of 
contamination. As such, the radiological contamination may eventually reach 
activities deemed acceptable for reoccupation.  
 
If families must move back into an area where residual radioactive 
contamination is known or expected, monitoring of radiation dose may be 
performed by using thermo-luminescent dosimeters (TLDs), for example. 
These are simple, non-invasive devices that can be read at regular intervals. 
This will allow the radiation doses to children, the most sensitive population, to 
be monitored, and will inform public health officials on whether further 
corrective measures are warranted. If personal dosimeters are necessary, 
consider providing all children at the child care centre or school with 
dosimeters so that no children are singled out.  
 
Regular follow-up and monitoring are needed not only for establishing radiation 
doses, but also for early warning of physical health effects, for re-assurance of 
the population, and for epidemiological studies. Be sure to provide an 
explanation of monitoring program and acceptable levels of radiation dose 
when providing reassurance. Ongoing assessments of internal contamination 
can be carried out by bodily fluid (e.g., urine) collection and by whole-body 
counting (see Section 5.2). 
 
5.5 Medical follow-up 
 
In a large scale event, such as a reactor accident (e.g., Fukushima and 
Chernobyl), a long-term follow-up program will need to be developed to focus 
on ailments that may have been caused by the event. Some of these ailments 
include solid cancers, leukemia, fetal deformities, dermatitis, and cataracts. In 
these situations hospital resources will be overwhelmed (e.g., higher than 
normal requirement for cancer screening) and a plan should be developed 
based on the number of people affected and the potential ailments associated 
with a particular release (e.g., radioactive iodine causing solid cancer in the 
thyroid). This plan may include scheduling specialists, from outside of the area, 
to perform routine examinations. Training more medical doctors with a 
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particular specialization based upon the anticipated need is not feasible. 
Parents/caregivers should be educated on differential symptoms and courses 
of action. Portable thyroid detectors could also be brought to schools to reduce 
the burden on hospitals.  
 
For example, Otolaryngology or ENT (ear, nose, and throat) is the branch of 
medicine and surgery that specializes in the diagnosis and treatment of 
disorders of the head and neck. Following an R/N event, the ENT specialist 
would be responsible for diagnosing and treating cancers within these bodily 
areas. “The Canadian Otolaryngological Society” website is a resource 
providing contact lists for ENT specialists [25]. Depending on the location of 
the R/N event, the community may not have sufficient ENT specialists 
available and may be required to obtain assistance from specialists outside 
their area. In this case, the treatment of thyroid cancers, etc. would quickly 
overwhelm resources of current cancer screening and care resources at a 
specialist level (i.e., limited ENT, medical and radiation oncology). 
 
5.6 Psychological follow-up 
 
Regular follow-up and monitoring are needed not only for establishing radiation 
doses, but also for early warning of psychosocial health effects, for re-
assurance, and for epidemiological studies. There are two types of children, 
those children that were affected (i.e., “victims”) and those children that were 
involved but not affected (i.e., “witnesses”); both will need a form of 
psychological support.  
 
R/N events can lead to psychosocial consequences such as: 
 

 The sudden trauma of evacuation;  
 Generalized anxiety;  
 Long-term effects of being an evacuee; 
 Disruption of social networks; 
 Illness (e.g., from somatization or stress-immune pathway); 
 Separation and its effects on families; 
 Children’s perception and effects on their development; 
 The threat of a long-term radiological consequence;  
 The social stigma from having been an “irradiated child”; and 
 Somatization of symptoms of radiation exposure. 

 
Ensure that social and mental health services are accessible to children and 
families. Provide specialized education and training in disaster mental health 
and/or psychological first aid to emergency responders and other 
professionals, including disaster relief personnel and volunteers, faith-based 
professionals, and school and child care personnel. Develop and exercise 
Continuity of Operations Plans for physical and mental health service entities 
to sustain counseling services and support for children. Establish a 
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comprehensive mental health surveillance program for children, responsible 
adult and all those affected by the event. 
 
Children may fill in missing information with negative imagery. Symbols of 
radiation exposure (e.g., dosimeters) should be minimized to limit negative 
imagery. It is important to combat mistrust with adequate information, and 
children and parents need to be reassured using facts (e.g., you cannot 
transmit radiation as an individual who was exposed but not contaminated). It 
is important to remember that the messages that parents give to their children 
at home need to be consistent with those from the school. Keep in mind that 
children will learn from parents and are more influenced by their parent’s 
behavior than by what is being taught. Anticipate likely questions and consult 
with experts to design a proper message for parents/teachers to give to 
children. The greatest challenge that children will face is if they are not allowed 
to return to their home or their normal daily routines.  
 
Programs that are developed at schools should focus on educating all children 
and not just the victims so that no particular child is singled out. Schools and 
child care centres already have well developed programs for children that are 
seen as different (e.g., epipens, allergies, disabilities, immigrants, bullies, etc.) 
and should make use of these existing programs when implementing a 
program for the centre following an R/N event. If children are relocated to new 
schools, they could be paired with children from the host school to help 
integrate them (e.g., a buddy system).  
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6. EMERGENCY PLANNING CONSIDERATIONS 
 
The purpose of this chapter is to provide considerations for emergency 
planners to increase their effectiveness in responding to children during an 
R/N event. This includes considerations for plans, procedures, training and 
exercises. 
 
In general, all plans should incorporate these considerations, be tested via 
drills and exercises, and updated regularly for increased efficiency and 
effectiveness. 
 
The target audience of this chapter includes: 
 

 First responders; 
 Receivers; 
 Child care centre and school staff; and 
 Emergency management organization staff. 

 
6.1 General considerations 
 
It is critical to understand the following behaviours, which are driven by basic 
psychosocial processes, when planning for R/N emergency response: 
 

 People will want to help; 

 People will behave according to what they understand and know about 
the situation; 

 Parents will want to connect and rejoin with their children; 

 Responsible adults will want to protect the children the best they can 
and will feel (and legally be) responsible and liable for the safety of 
children and will therefore need to accompany them at all stages; and 

 If one does not know that there is danger from radiation or does not 
know how to minimize it, they are likely to go outside, expose 
themselves even more, or spread the contamination through cuddling 
and eating for example. 

 
6.2 Planning considerations for responders 
 
The most effective way to accomplish the goals and recommendations 
provided in the body of this report is to properly train all emergency responders 
in the handling and care of children and pregnant women during an R/N event.  
 
Response plans should assume situations when scared children disturb or 
impede the flow of the evacuation, monitoring or decontamination process. 
Children should be involved in exercises and drills in order to familiarize them 
with monitoring process and equipment. This will help first responders and 
technicians learn how to deal with a non-cooperative child.  
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Plans should include designated buildings for decontamination that could 
house large crowds, are heated, and have showers and change rooms.  
 
Plans should consider alternatives for children or responsible adults who 
refuse to undergo decontamination or have special needs; notably those with 
low mobility, that are hearing or visually impaired, or autistic (e.g., allow 
children and parents to go home and self-decontaminate). Information should 
be collected and reviewed about the behaviours of children during the testing 
of the decontamination process in order to improve plans.  
 
Plans should take into account the ‘wait time’ associated with obtaining 
decontamination equipment and materials, and with a variety of weather 
conditions. Ensure that there are resources available (e.g., specially designed 
decontamination system, warm water for showers, additional blankets, clothes, 
etc.) for decontamination of children in the field, including those with 
disabilities. Develop a system for tracking decontaminated children, 
accompanied or alone, in order to collect the necessary information and 
reunite them with their families. Sustained work needs to be done on tracking 
systems that are interoperable. Once a system has been developed, it needs 
to be tested by drills of varying scales that practice family reunification at 
different stages of the event. 
 
All plans should have the contact information for CANUTEC in case of an R/N 
event. CANUTEC is the Canadian Transport Emergency Centre operated by 
the Transportation of Dangerous Goods (TDG) Directorate of Transport 
Canada. They also provide a national advisory service that assists emergency 
response personnel in handling dangerous goods emergencies on a 24/7 
basis. Contact information for CANUTEC is as follows: 
 

CANUTEC 
330 Sparks Street 

Place de Ville, Tower C 
14th floor, Suite 1415 

Ottawa, Ontario, K1A 0N5 
Canada 

 
Telephone : General/Regulatory inquiries: (613) 992-4624  

Emergency: (613) 996-6666 
(collect calls are accepted) or 
*666 by cellular phone (in Canada only)  

 
6.3 Planning considerations for receivers 
 
In addition to those services that hospitals already provide, there may be 
additional considerations to better treat children during an R/N event: 
 

 Medications should be administered to treat symptoms like vomiting, 
diarrhea, pain and burns; 
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 Fluids, electrolytes and nutrition should be maintained. Children have a 
lower fluid reserve than adults; thus when children are involved in an 
R/N incident (or other incident) they are more susceptible to 
dehydration and hypovolemic shock; and 

 Psychological support should also be offered to these patients and their 
parents. 

 
Training requirements in hospitals are not consistent or regulated. Hospitals 
closer to nuclear plants have increased awareness of potential nuclear events. 
Some hospitals received CBRN supplies and equipment as part of the Hospital 
CBRN Emergency Preparedness Program. Equipment and training protocols 
were based on the equipment that the military uses for adults. Every employee 
at the hospital needs simple, competency-based training that is preferably 
conducted on-site and includes: 
 
 The basic principles of radiation protection and the realities of treating 

contaminated children; 

 A clear definition of the roles and responsibilities of all staff members 
involved in a response to a mass casualty incident involving children in 
order to cover all the activities and avoid overlapping responsibilities and 
actions; 

 Incorporating this training into employee orientation and differentiate 
radiation training from other hazardous materials trainings; 

 Specific skill-based training includes: 

o How to plan for a radiological emergency;  

o Radiation survey meter, and if available, portal monitor use and 
interpretation for those who will scan children for contamination; 

o Decontamination training for those who will most likely 
decontaminate children; and 

o Setting up contamination control zones and an understanding of the 
process for staff in the Emergency Department. 

 
Plans should consider alternatives for children or responsible adults who 
refuse to undergo decontamination (e.g., allow them to return home to self-
decontaminate) or have special needs. Information should be collected and 
reviewed about the behaviours of children during the testing of the 
decontamination process in order to improve plans. 
 
Prepare information pamphlets to hand out to patients who arrive following an 
R/N event. This may help free up resources during an actual emergency.  
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6.4 Planning considerations for child care centres 
and schools 
 
Child care centres and schools should define their roles in all phases of 
emergency management: preparedness, mitigation, response, and recovery 
for an R/N event.  
 
Planning considerations should include targeting risk communication and 
educational initiatives for children. It is an important part of education to 
demystify the effects of radiation, especially at small doses in order to 
minimize somatization. Use demonstrations by invited guest speakers who are 
credible and engaging, such as emergency management authorities, fire 
service, and law enforcement personnel. Read books about different 
responders, their equipment and their vehicles. Include various emergency 
vehicles in the program for play. Schools should suggest to responsible adults 
methods of teaching children their names, contact information, and how to 
avoid separation. Sustained work needs to be done on tracking systems that 
are interoperable. Once a system has been developed, it needs to be tested 
by drills of varying scales that practice family reunification at different stages of 
the event. Educate caregivers/teachers, school counselors and parents on 
how to distinguish normal and expected stress reactions, acute stress 
reactions, shock, and distress from symptoms of post traumatic stress disorder 
(PTSD). Teachers and caregivers should be made aware of the first means of 
protection from radiation and contamination (i.e., time, distance, shielding and 
disposal of clothing). 
 
It may help to have pre-identified messages that will address concerns parents 
have about the location and safety of their children, keeping in mind how 
parents would react to an evacuation message if their children are not at home 
or with them. Messages should be consistent with the messages from public 
safety. Try to determine what parents will expect from your organization/ 
institution. Establish coping strategies for/with parents and relatives, methods 
of communication, and identification of volunteers. 
 
It is important to determine other agencies/departments/groups that should be 
involved in your sheltering and evacuation plans regarding children of different 
ages. You should know if (or test that) your messages are consistent and in 
accordance with other stakeholders involved in this process. Adopt and 
implement shelter measures that are age-specific and responsive to children 
for all mass shelter operations. Keep in mind that children may have functional 
or access needs and there may be language barriers. 
 
Identify and provide information about the location of buildings that could be 
used as evacuation centres (e.g., churches with large basements) and verify if 
they are suitable for children. When choosing an evacuation centre, consider 
age specific activities that you might employ for children at the location. Ensure 
there is sufficient space (and materials) for performing these activities. 
Consider security and screening for dealing with volunteers wishing to assist at 
the evacuation centre. 
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Ensure that emergency bags are modified to contain materials that will aid in 
the specific response during an R/N event. For example, have tracking forms 
for monitoring and decontamination, such as the one provided in Annex B, 
completed with personal information for each child. As well, potassium iodide 
(KI) pills could be added to existing emergency bags for stable iodine 
prophylaxis for those schools and child care centres in the vicinity of nuclear 
power plants. If sheltering without lockdown is possible, consider storing 
additional KI pills for parents who may insist on joining their children. These KI 
pills should be routinely checked to ensure that they are not out of date. 
Emergency response plans should include provisions for blankets (e.g., with 
local suppliers, Red Cross, etc.). 
 
Practice preparedness responses using in- and out-of-class simulations and 
through experiential exercises; use a graduated sequence of learning across 
school years by starting with basic information. Integrate preparedness 
education for R/N events along with preparedness for other types of events 
(like earthquakes or fire) and other learning initiatives in schools. 
 
Transmit the importance of creating (and rehearsing) a family emergency plan 
and try to repeat it with the children. Plans should be tested, with children 
involved, and information about the evacuation location should be 
communicated. Engage parents in evacuation/sheltering plans and rehearsals 
for child care centres and schools. In the absence of information, they will take 
action on what they deem appropriate. This should extend to drills and 
exercises.  
 
Most procedures deal with evacuations which are to a nearby evacuation site. 
In the case of R/N event, the emergency location may be further away and at 
an unfamiliar location. Transportation to this location may also mean that the 
children in your care are not transported all together or to the same location. 
This should be a priority consideration as familiarity with their friends as well as 
the possibility of other family members in care and with the staff will help the 
children cope with the emergency. The plan needs to consider how children 
will be transported from the school/child care centre to the evacuation location. 
The plan should include pre-determining a transportation service (e.g., school 
bus, public transportation, etc.). Planners should assess potential risks of 
using a transportation service. For example, a school bus driver may be 
reluctant to transport children if they are aware that an R/N event has 
occurred.  
 
6.5 Planning considerations for emergency 
management organizations 
 
Even though children are at special risk for R/N events, this does not 
necessarily mean that they are passive victims. Children should participate in 
their own protection and should be included in emergency preparedness 
exercise and drills. They can also play a special role in communicating 
preparedness information to their friends and family members. This might be 
very helpful, for example, in families that speak more than one language or 
where English or French is not the primary language. If possible, disseminate 
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material in many languages, especially in ethnic neighbourhoods where 
parents may not master English or French. 
 
Promote the dissemination of accurate technical information in plain language 
(i.e., concerning what locations within or nearby schools and daycare centres 
would provide greater protection if a radiation disaster occurred). Educate 
caregivers/teachers, school counsellors and parents on how to distinguish 
normal behaviours, stress reactions and distress from symptoms of post-
traumatic stress disorder (PTSD). Discuss the impact on children from 
immigrant backgrounds with a different history of radiation threats or of 
uniformed authorities. 
 
Promote the collaboration of pediatric healthcare professionals and 
schools/child care facilities in disaster planning for R/N events (especially 
important for those living near nuclear power plants). Ensure that your plan 
includes a risk communication strategy directed at children. Take into 
considerations how people are likely to react to your message (e.g., pre-test 
messages). Do not blankly reassure: explain, provide tips and recommended 
actions as necessary. 
 
Pre-identify how people will access information regarding the R/N event. Also, 
determine how people will access the information they need in order to make 
decisions on returning to their daily routine. It may be necessary to establish a 
working relationship with media outlets that elicit public trust and make 
effective use of social media and the internet as a communication tool. 
Establish a working relationship with experts that will help to deliver risk 
messages. Plans should include measures to counteract the psychosocial 
effect of mass-media/social media coverage that could affect children (e.g., 
good modeling, success stories, etc.). The plan may include a continuous 
communication strategy about food stuffs that could be eaten by children and 
breastfeeding mothers with infants. The plan may also include a 
communication plan on how best to stay safe.  
 
Exercise situations in which bringing together groups of students (i.e., for 
counseling) is contraindicated or parents forbid their children to participate in 
these types of interventions due to a belief that such meetings may increase 
the risk to their children. Be prepared to respond to the specific nature of the 
parent’s concern. Involve organizations such as child care centres and schools 
in emergency community planning. Engage in community drills and tabletop 
exercises involving schools in order to identify areas in which the plans of first 
responders, law enforcement, or public health conflict with school plans. 
Ensure that there is a strategy for making these plans available to the general 
population. Include strategies for reuniting families integrated into the 
nuclear/radiological emergency plans (federal, regional, local). Programs at 
schools should provide information about family reunification in case of an 
emergency. Plans should account for purposeful behavior that runs contrary to 
official directives. Organizations should minimize blank reassurance; 
reassurance should be followed with explanation, tips and suggestive actions.  
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GLOSSARY 

 
Action level: The quantity of dose rate or activity above which remedial actions or protective 
actions should be carried out in chronic (e.g., long-term) exposure or emergency exposure 
situations. An action level can also be expressed in terms of any other measurable quantity as a 
level above which intervention should be undertaken; for example, twice background. 
 
Action zone: A geographical zone that is established to adequately protect personnel, prevent 
the spread of contamination, enable rapid initiation of prescribed response plans, or other 
emergency response actions. 
 
Acute radiation syndrome: The composite of characteristic signs, symptoms and health 
impairments resulting from a large radiation dose after total body irradiation or large volume 
partial body irradiation. 
 
Ambulatory: The individual’s injuries or age are such that he or she is able to get up and walk 
around.  
 
Child: A young human being who is not fully physically developed ranging in age from the 
unborn to age of majority. For the purpose of this guidance document, children are young 
human beings that may require additional guidance and assistance in following emergency 
response actions due to their lack of physical, psychological or emotional maturity. 
 
Cold Zone: The geographical defined area established following a radiological or nuclear 
emergency where persons who occupy the area are not expected to receive a significant 
radiation dose. 
 
Contamination: Radioactive substances on surfaces, or within solids, liquids or gases 
(including the human body), where their presence is unintended or undesirable. 
 
Decontamination: The act of completely or partially removing contamination by deliberate 
physical, chemical or biological process. 
 
Decorporating agent: A drug that increases the rate of elimination or excretion of absorbed, 
inhaled, or ingested radioactive contaminants. 
 
Deterministic effect: A health effect of radiation for which generally a threshold level of dose 
exists above which the severity of the effect is greater for a higher dose. Such an effect is 
described as a severe deterministic effect if it is fatal or life threatening or results in a permanent 
injury that reduces quality of life. 
 
Dosimeter: An instrument or device that is capable of measuring radiation dose. These are 
worn on the body and provide an approximation of the radiation dose received by the individual 
wearing the instrument. 
 
First responder: A member of an emergency service who is the first to respond to the scene of 
an emergency. 
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Hot zone: The controlled area geographically defined where specific protection measures and 
safety provisions are or could be required for controlling radiation dose and preventing the 
spread of contamination. 
 
Intervention level: The quantity of radiation dose to the public averted by implementing a 
specific countermeasure. 
 
Infant: A child who is between birth and 1 year.  
 
Lockdown: A school procedure that is initiated when school officials believe that there is a 
credible threat to student and staff safety. Students and staff are to remain in their classrooms, 
with locked doors and covered windows. 
 
Non-ambulatory: The individual’s injuries or age are such that he or she is not able to get up 
and walk around. 
 
Millisievert (mSv): A unit of radiation dose = 0.001 sievert (Sv). 
 
Prophylaxis: The administration of a compound of a stable isotope to prevent or reduce the 
uptake of radioactive isotopes of by an organ (e.g., thryroid) in the event of an accident involving 
a radioisotope (e.g., potassium iodide is used to reduce uptake of radioiodine to the thyroid) 
 
Radiological/nuclear event (R/N event): a terrorist, malicious, accidental or natural event that 
releases radioactive material in large enough amounts to potentially jeopardize the health of 
humans in the vicinity. 
 
Receiver: A member of hospital staff who receives patients requiring care during an 
emergency. 
 
Reference man: An idealized adult Caucasian human male, Western European or North 
American in habitat and custom, defined by the International Commission on Radiological 
Protection for the purpose of radiation protection assessment. 
 
Responder: A member of an emergency service who responds at the scene of an emergency.  
 
Responsible adult: A human being above the legal age of majority who is responsible for the 
well-being of a child. This may be a parent, an assigned guardian (such as a caregiver) or an 
assumed guardian (such as a teacher or school bus driver). 
 
Sheltering: refers to the procedure whereby the protection afforded by a building is utilized to 
reduce the dose to individuals compared to the dose that would be received if the same time 
was spent outside. 
 
Sievert (Sv): A unit of radiation dose. This is a very large unit; typical annual doses from 
background radiation are about 0.002 to 0.003 Sv or 2 to 3 millisieverts (mSv). 
 
Stochastic effects: A radiation induced health effect, the probability of occurrence of which is 
greater for a higher radiation dose and the severity of which (if it occurs) is independent of dose.  
 
Survey meter: An instrument capable of detecting and measuring radiation. 
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ANNEX A. RADIATION EFFECTS IN CHILDREN 
 

The material in this annex has been assembled to provide at least partial answers to the 
following two questions: 
 

1. Are children likely to receive higher doses of radiation than adults when exposed to the 
same level of radiation; and 

2. For a given radiation dose, are children more likely than adults to suffer short term or 
long term health effects?  

 
A.1 RADIATION DOSES TO CHILDREN 
 
To answer the first question, one must specify whether the source of radiation is external or 
internal to the body.  An external source could be a nearby radioactive object, a cloud of 
radioactivity passing overhead (“cloudshine”), or a ground cover of deposited radioactivity 
(“groundshine”).  In particular, gamma radiation is highly penetrating and can reach all of the 
internal organs of the human body. The radiation is somewhat attenuated, however, as it 
passes through tissues and one might expect that the greater mass of an adult body would 
afford more shielding than a child’s body.  Mathematical simulations have been carried out to 
determine external radiation doses for differing body sizes and different radionuclides [26].  It 
turns out that, for the same radiation field, there is very little difference in doses to children 
versus adults, except for infants where the doses may be 30% higher. 
 
The situation with internal sources of radioactivity is more complex. A radioactive substance 
may enter the body through various pathways -- inhalation, ingestion, or penetration through an 
open wound. The last pathway is very infrequent but could occur, for example, if a person were 
injured by flying radioactive debris in an explosion.   
 
As a first approximation, the incorporation of the same amount of radioactivity would lead to 
higher doses in children than in adults, because the smaller body mass of the child means that 
the concentration of radioactivity would be higher in the child’s organs and tissues.  This effect 
is illustrated in Table 4, which gives the radiation dose per unit intake of three prominent 
radionuclides – iodine-131, cesium-137, and strontium-90 – for various age groups and for both 
the inhalation and ingestion pathways [27].  One sees a clearly declining trend in doses as one 
proceeds from infancy through childhood to adulthood.  In particular there is a 10-fold decrease 
in iodine doses to the thyroid from infancy to adulthood.  The mass of the infant thyroid is one-
tenth that of the adult thyroid.  It is also evident from Table 4 that the doses are strongly 
dependent on radionuclide and intake pathway.  
 
However, the data in Table 4 do not tell the whole story.  For the same radiation exposure 
scenario, the higher doses to infants and children are mitigated to some extent by physiological 
differences (e.g. lower breathing rates) and food intakes.  Table 5 shows breathing rates and 
total body mass as a function of age.  
 
Dividing the breathing rate in cubic metres per day by the body mass in kilograms gives the air 
intake per kilogram of body mass – a better indicator of the impact of inhaled radioactivity.  The 
air take per kilogram is about 2 ½ times higher for infants than for adults, but for older children 
the differences are less than a factor of two. 
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Table 4: Dose coefficients (DCs), or doses per unit intake of activity (microsieverts per Becquerel 
or μSv/Bq) from both ingestion and inhalation as a function of age for 131I, 137Cs, and 90Sr 

Age 3 months 1 year 5 years 10 years 15 years Adults 
131I thyroid DC 
from ingestion 

3.7 3.6 2.1 1.0 0.68 0.43 

131I thyroid DC 
from inhalation 

1.4 1.4 0.73 0.37 0.22 0.15 

137Cs effective DC 
from ingestion 

0.021 0.012 0.0096 0.010 0.013 0.013 

137Cs effective DC 
from inhalation 

0.0088 0.0054 0.0036 0.0037 0.0044 0.0046 

90Sr effective DC 
from ingestion 

0.23 0.073 0.047 0.060 0.080 0.028 

90Sr effective DC 
from inhalation 

0.15 0.11 0.065 0.051 0.050 0.036 

 
Table 5: Breathing rates and body masses as a function of age [27] 

Age Breathing rate 
(m3/day) 

Total body 
mass (kg) 

Air intake per 
unit body mass 

(m3/day•kg) 
Newborn 2.8 3.5 0.80 
1 year 5.1 10 0.51 
5 years 8.8 19 0.46 
10 years 15.2 32 0.48 
15 years - Male 20.1 56 0.36 
15 years - Female 15.8 53 0.30 
Adult - Male 22.2 73 0.30 
Adult - Female 18.2 60 0.30 

 
 
Children also have other physiological differences, and these need to be considered. Small 
particles may enter cells lining the gut by pinocytosis (engulfment). In adults, this is not an 
important pathway; however it is important in neonates [19]. For example, Cesium ions are 
absorbed more rapidly. Other routes of absorption are the mouth, stomach and colon. For 
example, iodine can be absorbed both in the mouth and in the stomach. Absorption of many 
elements (e.g., Ca, Ra, Pb, Co, Fe, Pu, Am) is substantially greater in infants than in adults. 
After one year old, absorption of these elements is similar to adults [19]. 
 
There are also differences in the respiratory system. Up until the age of 2 years there is an 
increase in the mass and size of the lung structures. The larynx is situated higher in the neck so 
that infants up to 2 years are nose breathers. It is known that the deposition rates of particles in 
children’s lungs are higher than those of adults [19], because of faster breathing rate leading to 
higher deposition rate in children than in adults. The clearance by muco-ciliary escalator is 
thought to be the same as in adults [19]. 
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In young children, the bladder is higher up in the abdomen. If the bladder contains radionuclides 
that are being excreted in the urine this can lead to higher doses to other abdominal organs. 
 
At about 10 to 12 weeks of gestation the thyroid gland begins to accumulate iodine. After birth, 
there is a very rapid rise in thyroid stimulating hormone (TSH), reaching a peak in about 24 
hours and declining to normal in about 5 days. The data on the uptake of radioiodine at different 
ages are limited. However, after the first year of life, it is broadly similar in children, adolescents 
and adults [19]. For children, iodine is retained in the thyroid and other tissues with shorter 
retention times [19]. 
 
Variations in food intakes make the situation even more complex.  Intakes can vary widely 
between different regions and between cultural groups within the same region. Table 6 shows 
the annual doses to three age groups from three radionuclides in milk [23], based on Canadian 
milk consumption data [26].  The doses vary widely with radionuclide and age group, with 
iodine-131 showing the highest doses and a 20-fold variation between infants and adults. 
Cesium-137 shows the lowest doses and a variation of only two-fold between infants and adults.    
 
Table 6: Annual doses to three age group for consumption of milk containing 300 Bq/L of 90Sr, 131I, 

and 137Cs 

Radionuclide Strontium-90 Iodine-
131 

Cesium-
137 

Milk 
consumption 

(L/day) 
Concentration in 
milk (Bq/L) 300 300 300  

Annual dose (mSv) 
1 year 5.36 13.21 0.88 0.670 
10 year 3.89 3.37 0.65 0.591 
Adult 0.87 0.68 0.40 0.283 

 
If the source of radiocesium in the diet is primarily from meat, then the doses to infants and 
children will be less than those in adults. In a survey of northern communities dependent on 
caribou meat, doses to the 0 – 10 and 11 – 20 age groups were found to be less than half the 
doses to adults [28].  There are two reasons for these lower doses in the younger age groups. 
Caribou meat consumption is less in these age groups and also children eliminate radiocesium 
from their bodies more rapidly than adults.  
 
In summary, there are some cases where doses from the same level of radiation exposure may 
be higher in children than adults, and other cases where they may be lower. It depends very 
much on the specific radionuclide and exposure pathway.  
 
A.2 HEALTH EFFECTS OF RADIATION IN CHILDREN  
 
Cancer effects 
 
The most complete source of information on health effects in children compared to adults is the 
Japanese Life Span Study [29].  On the 6th and 8th of August 1945 atomic bombs fell upon the 
cities of Hiroshima and Nagasaki. Large populations, consisting of all age groups and both 
sexes, were simultaneously exposed to a wide range of radiation doses up to the highest 
survivable levels.  The lifetime follow-up of the survivors is now nearing completion and the chief 
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long term effect observed in this population has been a statistical increase in cancer incidence 
and mortality.  Figure 8 shows clearly that the risk of leukemia was much higher for those 
exposed under age 10, and there was also a higher risk for solid cancers in this age group [3]  
(see also Table 3 on page 36 of the main report).  
 
One might argue that the lifetime risk would be higher for children simply because they have 
longer life spans over which the risk can be expressed. However, this does not appear to be the 
case.  Figure 9 shows that most of the excess cancer deaths due to exposure in the 0 – 10 year 
age group occurred before age 20.  The most likely explanation for these higher cancer rates in 
children is that the cells of growing children are dividing more rapidly and are therefore more 
susceptible to radiation-induced mutations.  
 
 

 
Figure 8: Lifetime risk of fatal cancer in the A-bomb survivors as a function of age at time of 

exposure 

 

 
Figure 9: Risk of fatal cancer as a function of attained age for exposure at age < 10 years 
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The BEIR-VII report of the U. S. National Academy of Science [30] has extrapolated these 
findings to predict the effects on a standard American population from an acute dose of one 
sievert received at age 10, 20, or 30. Figure 10 and Figure 11 show the excess relative risks for 
leukemia and solid cancer mortality as a function of ages after exposure.  It can be seen clearly 
that the risks are greatest for exposure at age 10, less at age 20, and least at age 30. Female 
infants have almost double the risk of males [30]. 
 
Thyroid effects 
 
Almost all of the radioiodine taken up by the human body becomes concentrated in the thyroid 
gland. Because the child thyroid is quite small and because it plays such an essential role in 
growth and development, children are particularly susceptible to radioiodine uptake. This is 
illustrated by two incidents which have occurred since the beginning of the atomic age.   
 
During a nuclear weapons test at Bikini atoll in March 1954, an unpredicted shift in wind 
direction resulted in the exposure of 250 Marshall Islanders, including children, to high levels of 
radioactive fallout [31].  Many of these children received high thyroid doses, ranging from 8 to 
20 Grays from the uptake of fallout radioiodine.  Follow up studies at the end of the first decade 
after the incident showed growth retardation in some of the children. By 1964 benign thyroid 
nodules began to appear in persons exposed as children. Four cases of thyroid cancer were 
detected and successfully treated.  
 
One of the most clearly established health consequences of the 1986 Chernobyl reactor 
accident was a marked increase in childhood thyroid cancer in the surrounding regions. For 
children under the age of 14 at the time of the accident, 5127 cases of thyroid cancer were 
reported between 1991 and 2005. If the age group is expanded to 18 at the time of the accident, 
the number of cases rises to 6848. Childhood thyroid cancer is normally extremely rare, 
amounting to only 2 to 4 cases per million per year.     
 
Figure 12 demonstrates this dramatically for Belarus children who were under the age of 10 at 
the time of diagnosis. The sharp spike between 1991 and 1995 occurred in children who would 
have been very young at the time of the accident. For children born after 1986, the incidence 
rate falls to near background values.  Figure 13 shows that the incidence of thyroid cancer to 
those exposed in childhood was still increasing in 2005. By contrast, there was little suggestion 
of increased thyroid cancer among those exposed as adults in the general populations. 
 
The radio-iodine exposure to children resulted mainly from the consumption of contaminated 
milk and food products.  Most of the excess thyroid cancers could have been prevented by 
prompt administration of potassium iodide prophylaxis and by replacing contaminated milk and 
food products from consumption with clean products from unaffected areas. 
 
Effects on the developing fetus 
 
It is generally agreed that the most sensitive stage of the human life cycle is the second 
trimester of pregnancy.  In the grey literature one sometimes reads horror stories of grossly 
deformed human babies or animals following a major nuclear event. However, no clear link has 
been established between radiation exposure and gross fetal malformation in humans.  
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Figure 10: Age-time patterns in radiation-associated risks for leukemia mortality 

 
 

 
Figure 11: Age-time patterns in the radiation-associated risks for all solid cancer mortality 
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Figure 12: Thyroid cancer incidence rate in Belarus for children under 10 years old at diagnosis 

 
 

 
Figure 13: Thyroid cancer incidence rate among those exposed as children and adolescents (age 

under 18 years in 1986) in Belarus 

 
The most complete evidence that we have to date is from Japanese atomic bomb survivors who 
were exposed in utero at the time of the explosions [32].  A significant increase in severe mental 
retardation was observed for fetal exposures greater than 0.50 Gy (32 cases out of 68 live 
births). No excess cases were observed below this level. A threshold of 0.70 Gy has been 
established for this effect.  
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In 1956 Alice Stewart at Oxford University discovered that fetal exposures to X-rays in pregnant 
women increased the risk of subsequent development of childhood cancer [33]. The risks 
occurred at doses that were previously considered to be safe (down to 0.1 Sv).  It is for this 
reason that abdominal X-rays to pregnant women, or to women who might be pregnant, are no 
longer recommended. 
 
Other tissue or deterministic effects 
 
Deterministic effects are the result of gross radiation damage to body tissues and are not 
expected to occur until the radiation dose exceeds a certain threshold, generally taken to be 
about 0.7 Gy (delivered acutely).  Above this threshold, the severity of the effect increases with 
increasing dose and can become fatal at high enough doses.  Fortunately, cases of Acute 
Radiation Syndrome in children are so rare that it has not been possible to establish whether 
children are more sensitive than adults to this condition.  A larger amount of data is available for 
children who have received high protracted doses of radiation directed to specific parts of the 
body as part of a cancer treatment regimen. Deterministic effects are not observed to occur in 
these cases until tissue doses reach about 10 to 20 Gy, far above the levels that would be 
expected in a radionuclear emergency [34].  
 
Reports of increased childhood leukemia near nuclear facilities 
 
In the early 1980s there were reports of an increased incidence in leukemia incidence for 
children living near the Sellafield nuclear fuel reprocessing plant in northern England. The 
excess was not large (4 cases observed versus 0.25 expected) and similar excesses were not 
observed at other nuclear facilities in the United Kingdom [35].  Interest in this topic was revived 
in a 2008 study carried out by the German Childhood Cancer Registry [36][37]. The study found 
a small but statistically significant increase in leukemia in pooled results for children living within 
a 5 km radius and a 10 km radius of German nuclear power plants. There are two major 
difficulties with these studies: 
 

 The radiation exposures from plant emissions are orders of magnitude below levels 
expected to have any effects; and 

 The results have not been replicated in other studies carried out around the world.  

 
One possible explanation for the occasional excesses in child leukemia is a rare response to a 
common infection [38][39].  Unusual population mixing can lead to the introduction of the 
relevant infectious agent to a pool of susceptible individuals. Nuclear sites in particular are 
characterized by high rates of population mixing, especially during the construction phase of the 
facility.  The movement of migrant populations with a high infectious potential into rural zones 
would facilitate contact between healthy virus carriers and susceptible subjects, and thereby 
could cause a local increase in the frequency of leukemia.  This explanation remains 
hypothetical, since no specific viral agent has yet been identified in childhood leukemia.  
 
In conclusion, small excesses of childhood leukemia have been observed near some nuclear 
facilities, but no clear link with radiation exposure has been established.   
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ANNEX B. FORM FOR TRACKING CHILDREN DURING 
MONITORING 

 
Form I: Contamination Assessment Form for Children 

Child information 
Name of Child 

 
ID Number 

 
Sex 

 
Age 

 

Parent information 
Name 

 
Phone Number 

 
Email 

 

Street Address 
 

City Province/Territory Postal Code 

Name of Family Members present with child 
 
 
 

Event information 
Where was the child at the time of the incident? For how long? 
 
 

Has the child changed clothes or showered since the incident? 
                 Y                 N  

 

Monitoring information 

Monitoring results (To be filled out by person responsible for monitoring) 
Indication of contamination? 
                 Y                 N 
If “Y”, send to Decontamination 
If “N”, send to Registration/ Discharge 

Instrument used for monitoring 

Decontamination (To be filled out by person responsible for decontamination) 
Decontamination Performed? 
                 Y                 N 

Decontamination method (e.g. wet/dry) 

Re-Monitoring results (To be filled out by person responsible for monitoring) 
Indication of contamination? 
                 Y                 N 
If “Y”, send to Radiation Assessment 
If “N”, send to Registration/ Discharge 

Instrument used for monitoring 
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ANNEX C. DIRECTIONS FOR THE TREATMENT OF CHILDREN WITH INTERNAL 

CONTAMINATION 
 

Table 7: Treatment of children for internally deposited radionuclides [40] 

Radionuclide  Treatment  Dose and Administration  Precautions 
Cobalt  
Iridium  
Plutonium  
Americium  
Curium  

Diethylene 
triamine 
pentaacetic 
acid 
(DTPA)  

Ca-DTPA on day 1 
 
Adults and Adolescents: A single 1.0 gram initial dose of Ca-
DTPA administered intravenously. DTPA solution (1 gram in 5 mL) 
should be administered either with a slow intravenous push over a 
period of 3-4 minutes or by intravenous infusion diluted in 100-250 
mL of 5% dextrose in water (D5W), Ringers Lactate, or Normal 
Saline. 
Pediatrics (less than 12 years of age): A single initial dose of 14 
mg/kg administered intravenously not to exceed 1.0 gram. 
 
After the initial dose of Ca-DTPA, on the next day, if additional 
Chelation Therapy is indicated, it is preferable to switch to Zn-DTPA 
Zn-DTPA - Adults and Adolescents: The recommended 
maintenance dose of Ca-DTPA is 1.0 gram once a day administered 
intravenously. 
Pediatrics (less than 12 years of age): The recommended 
maintenance dose of Ca-DTPA is 14 mg/kg once a day administered 
intravenously. The maximum daily dose should not exceed 1.0 gram 
per day. 

Parents should take extra precaution 
in handling the urine, feces, and 
expectorants of children to avoid any 
additional exposure to either the 
parent or to the child. 
 
The safety and efficacy of the 
nebulized route of administration 
have not been established in the 
pediatric population 
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Radionuclide  Treatment  Dose and Administration  Precautions 
Cesium  
Thallium 

Prussian blue  The dose and duration of treatment depends on the amount of 
contamination a person is exposed to. Treatment with Prussian blue 
insoluble should be initiated as soon as possible after contamination 
is suspected. (contamination should be verified as soon as 
possible). Treatment with Prussian blue insoluble is still effective 
even after time has elapsed since exposure.  
Treatment for radioactive cesium should continue for a minimum of 
30 days and then the patient should be reassessed for the amount 
of residual whole body radioactivity.  
Adults and Adolescents  
The recommended dose of Prussian blue insoluble is 3 grams orally 
three times a day. (When the internal radioactivity is substantially 
decreased, the Prussian blue insoluble dose may be decreased to 1 
or 2 grams three times a day to improve gastrointestinal tolerance.) 
Pediatrics (2 – 12 years)  
The recommended dose of Prussian blue insoluble is 1 gram orally 
three times a day.  
In patients who cannot tolerate swallowing large numbers of 
capsules, the capsules may be opened and mixed with bland food or 
liquids. This may result in blue discoloration of the mouth and teeth.  
Prussian blue insoluble capsules may be taken with food to 
stimulate excretion of cesium orthallium. 

Parents should take extra precaution 
in handling the urine and feces of 
pediatric patients. Care is intended to 
prevent re-exposure to the parent and 
pediatric patient.  
 
In patients with constipation, a fiber 
based laxative and/or high fiber diet is 
recommended during treatment with 
Prussian blue insoluble.  
 
Patients taking Prussian blue 
insoluble should be informed that their 
stools might be blue-colored.  
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ANNEX D. POTASSIUM IODIDE FOR CHILDREN 
 
Presented below is the procedure for emergency administration of potassium iodide (KI) 
tablets to infants and children using 130 mg tablets [40]. Children do not swallow tablets 
easily. This page explains how to dissolve a crushed potassium iodide tablet in water 
and then mix that solution with a drink, and how much to give a child. Potassium iodide 
tablets come in two strengths: 130 mg and 65 mg. Instructions for 130 mg tablets are 
given below. You will need: 
 

 Potassium iodide (KI) 130 mg tablet 
 Metal teaspoon  
 Small bowl  
 One of the drinks from the list below or infant formula.  

 Raspberry syrup  
 Low fat chocolate milk  
 Orange juice  
 Flat soda (For example, cola)  

 
The mixture of potassium iodide with raspberry syrup disguises the taste of potassium 
iodide best. The mixtures of potassium iodide with low fat chocolate milk, orange juice, 
and flat soda (for example, cola) generally have an acceptable taste.  
 
DIRECTIONS FOR 130 MG POTASSIUM IODIDE TABLET 
 

1. Grind the potassium iodide tablet into powder. 

Put one (1) 130 mg potassium iodide tablet into a small bowl and grind it into a 
fine powder using the back of the metal teaspoon against the inside of the bowl. 
The powder should not have any large pieces. 

2. Dissolve the potassium iodide powder in water. 

Add four (4) teaspoonfuls of water to the potassium iodide powder in the small 
bowl. Use a spoon to mix them together until the potassium iodide powder is 
dissolved in the water. 

3. Mix drink of choice with potassium iodide powder and water solution. 

Add four (4) teaspoonfuls of the desired drink to the potassium iodide powder 
and water mixture described in Step 2. 

4. The number of teaspoons of the drink to give a child depends on the child's age. 
Dosages for children are provided in Table 8. You should give potassium iodide 
once a day until a risk of significant exposure to radioactive iodine no longer 
exists. 
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Table 8: Dosage of KI solution for children 

If your child is Dosage of Potassium Iodide (KI)* 
A teenager between 12 and 18 years 
old** 

4 teaspoons or tablets 

Between 4 and 12 years old 4 teaspoons or tablets 
Over 1 month through 3 years 2 teaspoons 
An infant from birth through 1 month 1 teaspoon 

Note: * This is the amount to give your child for one dose. You should give your child one 
dose each day. 
** Teenagers approaching adult size (equal to or greater than 154 pounds) should 
receive the full adult dose (130 mg tablet or 8 teaspoonfuls of KI mixture). 

 
HOW 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.  
 
As with any effort for therapeutic intervention, benefit must be weighed against risk. 
Administration of decorporation agents should be with a knowledge of contraindications 
to drug therapy. The risk associated with inaction generally outweighs the risk of 
exercising interventional options. If the treatment is doing more immediate medical harm, 
then a decision must be made by a medical expert, with the assistance of a health 
physicist, whether or not to continue therapy.  
 


