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To summarise facts about ionising radiation and effects on human and to explain medical aspects of radiation emergency

To give an overview of elements for medical emergency preparedness and response in radiation emergency 

Learning objectives: Upon completion of this lecture, the participants will:

Be able to recall health effects of radiation

Be aware of the importance of medical and psychological effects of radiation emergencies

Understand the role and place of medical response (medical specialists) in the overall organizational emergency response structure

Be able to list infrastructure and functional requirements for medical response preparedness 
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IntroductionIntroduction

General objectives of the emergency response:General objectives of the emergency response:

To reduce the risk or mitigate the To reduce the risk or mitigate the 
consequences of the accident at its sourceconsequences of the accident at its source
To prevent or reduce deterministic health To prevent or reduce deterministic health 
effects effects 
Reasonably reduce the risk of stochastic effectsReasonably reduce the risk of stochastic effects

Presenter
Presentation Notes
Emergency response activities have three primary objectives. The first objective is to take actions at the source of an accident to mitigate or reduce the potential risk. The second objective is to ensure that people will not receive doses high enough to result in deterministic health effects induced by the accident. The third objective is to take reasonable actions to reduce the chance of people getting stochastic health effects. It’s obvious that the second and the third objectives are directly related to the human health. Medical terminology is used even in the statements of the objectives. Therefore, every person participating in emergency response has to know and understand the meaning of the terms, and the relations between “pure” medicine, physics and radiation protection.   
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Objectives of Emergency Medical Objectives of Emergency Medical 
Preparedness and ResponsePreparedness and Response

To perform treatment of life threatening To perform treatment of life threatening 
injuriesinjuries

To implement actions needed to meet general To implement actions needed to meet general 
objectives of emergency responseobjectives of emergency response

To participate in training, drills, and exercises To participate in training, drills, and exercises 
to update and enhance basic knowledge and to update and enhance basic knowledge and 
skills necessary to meet general objectives of skills necessary to meet general objectives of 
emergency responseemergency response

Presenter
Presentation Notes
Effective medical response is a necessary component of an overall response to radiological emergencies. In general, the medical response to radiological accidents may represent a difficult challenge to the authorities due to the complexity of the situation, often requiring highly qualified specialists and organisational and material resources. Therefore an adequate planning is needed.The main objective of emergency medical response is to perform treatment of life threatening injuries. This is the first priority task which should be done not taking into account the presence of radiation factor. The general rule is: do not delay life saving actions due to the presence of radiation!

All actions within the responsibility of medical specialists (e.g., medical actions) should be consistent with the general objectives of emergency response. Therefore, the second objective of the emergency medical response is to implement actions needed to meet general objectives of emergency response.
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FactFact

EachEach member of emergency response member of emergency response 
organisation needs to understand the basics of organisation needs to understand the basics of 

radiation medicine to meet the objectives radiation medicine to meet the objectives 
efficientlyefficiently

Presenter
Presentation Notes
In order to meet the objectives of emergency medical preparedness and response, medical organizations should participate in training, drills, and exercises to update and enhance basic knowledge and skills necessary to meet general objectives of emergency response. These later ones can also be considered as the objectives of the emergency medical preparedness. As the efficient performance of overall response organisation depends on all the organisations and teams involved in the activities, everybody should be aware of the roles and responsibilities of others. Therefore, specialists of different professions participating in the workshop, should be aware of the role and place of medical responders.
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ContentContent

Ionising radiation and humanIonising radiation and human
Health effects of radiation: description, Health effects of radiation: description, 
examples examples 
Medical aspects of radiological accidentsMedical aspects of radiological accidents
Psychological aspects of radiological accidents Psychological aspects of radiological accidents 
Medical response as a part of the overall Medical response as a part of the overall 
emergency preparedness and responseemergency preparedness and response
Infrastructure and functional requirements Infrastructure and functional requirements 
for medical preparedness     for medical preparedness     
SummarySummary

Presenter
Presentation Notes
Many people of different professions are involved in emergency preparedness and response to radiation (nuclear or radiological) emergencies. Being joined in the overall response organization they need to understand on one hand the basic philosophy and objectives of radiological protection of the general public and emergency workers, and on the other hand, the aim of the response activities implemented in a radiation emergency. Therefore, specialists of different professions should understand basic facts about ionising radiation and human behaviour in an emergency situation.

Therefore specialists of different professions should know basic information about radiation and human. Such information will help for better understanding of purposes for emergency response and on the long run will help to organize the activities of emergency response organization in the most efficient way.

The aim of this lecture is to explain possible health effects of ionising radiation, to give an overview of preparedness elements for for an efficient medical response and to present medical and psychological aspects of radiation accidents.
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OverviewOverview

Radiation causes ionisation of:Radiation causes ionisation of: 
ATOMSATOMS

which will affectwhich will affect
MOLECULESMOLECULES

which may affectwhich may affect
CELLSCELLS

which may affectwhich may affect
TISSUESTISSUES

which may affectwhich may affect
ORGANSORGANS

which may affectwhich may affect
THE WHOLE BODYTHE WHOLE BODY

Presenter
Presentation Notes
Whether the source of radiation is natural or man made, whether it is small dose of radiation or large, there will be some biological effects. 

Although we tend to think of biological effects in terms of the effect of radiation on living cells, in actuality, ionising radiation, by definition, interacts only with atoms by a process called ionisation. Thus, all biological damage effects begin with the consequence of radiation interactions with the atoms forming the cells. As a result, radiation effects on human proceed from the lowest to the highest level as noted in this slide.
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Ionising Radiation and HumanIonising Radiation and Human 
Cellular LevelCellular Level

Normal repair of damage

Daughter cells die

Cell dies from damage

No repair or non-identical
repair before reproduction

Presenter
Presentation Notes
The target for all health effects of ionising radiation is the genome of the cell, the DNA (deoxyribonucleic) molecule. Even a single hit by a particle or a photon can cause a break in the DNA molecule. If it is a break in one strand of the DNA only (a single strand break) it will most probably be perfectly repaired with no consequences for health. If, however, both DNA strands are broken close to each other, which is also possible after a single hit, repair mechanisms are likely to fail and the genome may be changed.

Cells, like a human body, have tremendous ability to repair damage. As a result not all radiation effects are irreversible. In many instances, the cells are able to completely repair any damage and function normally.

In some case, however, the damage is severe enough that the cell dies. In other instances, the cell is damaged but it still able to reproduce. The daughter cell, however, may be lacking some critical life sustaining components, and they die. Finally, the cell may be affected in such a way that it does not die but is simply mutated. The mutated cell reproduces and thus perpetuates the mutation. This could be the beginning of the malignant tumour.

Generally, cells are most sensitive to radiation when they are dividing, so that the most radiosensitive tissues are the blood, the intestinal wall, the skin, and the foetus. Conversely, the most radioresistant tissues are muscle, nerves, and the adult brain, where cell reproduction is minimal.
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Ionising Radiation and HumanIonising Radiation and Human 
Deterministic EffectsDeterministic Effects

A cell that has been hit A cell that has been hit 
may destroy itself or may may destroy itself or may 
be destroyed while be destroyed while 
dividing dividing 
Cell killing is not equal to Cell killing is not equal to 
health effecthealth effect
Only massive cell killing Only massive cell killing 
leads to health effectsleads to health effects
Massive cell killing can Massive cell killing can 
occur only after high dosesoccur only after high doses
These are called These are called 
deterministic effectsdeterministic effects

Presenter
Presentation Notes
The function of most organs and tissues of the body is unaffected by the loss of small numbers of cells, or sometimes even of substantial number. However, if the number of cells lost in a tissue is large enough and the cells are important enough, there will be observable harm, reflected in a loss of tissue function. The probability of causing such harm is zero at small doses of radiation, but above some level of dose (the threshold) it increases to unity (100%). Above the threshold, the severity of the harm also increases with dose. This type of effect is called deterministic, because it is sure to occur if the dose is large enough and is higher than threshold. If the loss of cells can be compensated by the repopulation, the effect will be relatively short-lived. 

Examples of deterministic effects are radiation burns; induction of temporary or permanent sterility in the testes and ovaries; depression of the effectiveness of the blood forming system, leading to a decrease in the number of a blood cells; cataract. A special case of the deterministic effect is the acute radiation sickness resulting from acute whole body irradiation.



Photo

Two views of the right hand of a pioneer medical radiologist. The first injury to this radiologist was seen in 1899, namely 3 years after the discovery of X-rays was announced. The hand was amputated in 1932 and death from cancer occurred in 1933.
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Deterministic Health EffectsDeterministic Health Effects 
Description, ExamplesDescription, Examples

Early appearance (days to Early appearance (days to 
weeks, excl. cataract)weeks, excl. cataract)
Existence of dose threshold, Existence of dose threshold, 
specific for particular effectspecific for particular effect
Below dose thresholds Below dose thresholds -- no no 
effect effect 
Above threshold the Above threshold the 
severity depends on level of severity depends on level of 
radiation doseradiation dose

Presenter
Presentation Notes
A deterministic effect generally shows up within a short time after exposure (”early effects”), but this is not always true. Cataract, for example, is a typical deterministic effect appearing only after several years. That is why the term ”early effects” can not be used as a synonym .

For each deterministic effect there is a threshold dose, below which the effect does not appear. This threshold shows only limited variation between individuals. If people of varying susceptibility are exposed to radiation, the threshold in a given tissue for deterministic effects of sufficient severity to be observable will be reached with the lower doses in the more sensitive individuals.

The thresholds are generally quite high. Deterministic effects are not seen after exposure to low doses. Once the threshold has been exceeded, however, the effect is certain (”deterministic”) and is rapidly getting worse with increased radiation dose. Threshold dose depends on the organ, dose rate, medical treatment and other factors. 
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Deterministic Health EffectsDeterministic Health Effects 
Description, Examples (1)Description, Examples (1)

Dose response curve is sigmoidDose response curve is sigmoid
At high dose and dose ratesAt high dose and dose rates

Dose rate has a profound influence on effects Dose rate has a profound influence on effects 
Some deterministic effects have Some deterministic effects have 
characteristics that distinguish them from characteristics that distinguish them from 
similar effects due to other causes, which may similar effects due to other causes, which may 
help to identify the affected individualshelp to identify the affected individuals
The occurrence of the initial event has The occurrence of the initial event has 
sometimes been detected by the unexpected sometimes been detected by the unexpected 
appearance of deterministic effectsappearance of deterministic effects
Need specialized treatmentNeed specialized treatment

Presenter
Presentation Notes
Graphically, the dose response curve can be represented by a sigmoid form, starting after a threshold and then rising steeply, soon reaching 100% response.

Dose rate has a profound influence on both the threshold dose itself and the severity of the effect. Quite high doses can be tolerated, if received during a long time, allowing cell division to compensate for radiation induced cell loss.

If the exposure is caused by a certain identified event, it will usually be possible to identify the affected individuals. Some deterministic effects have characteristics that distinguish them from similar effects due to other causes, which may help to identify the affected individuals. The occurrence of the exposure has indeed sometimes been detected by the unexpected appearance of deterministic effects.
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Deterministic Health EffectsDeterministic Health Effects 
Threshold of OccurrenceThreshold of Occurrence

Organ or tissueOrgan or tissue
Dose in less Dose in less 
thanthan 2 days 2 days 

[[GyGy]]

Deterministic effectsDeterministic effects

Type of effectType of effect Time of occurrenceTime of occurrence

Whole body Whole body 
(bone marrow)(bone marrow) 11 DeathDeath 11 –– 2 months2 months

SkinSkin 33 ErythemaErythema 11 –– 3 weeks3 weeks

ThyroidThyroid 55 HypothyroidismHypothyroidism 1st1st –– several yearsseveral years

Lens of the eyeLens of the eye 22 CataractCataract 6 months 6 months -- several several 
yearsyears

GonadsGonads 33 Permanent sterilityPermanent sterility weeksweeks

FoetusFoetus 0.10.1 TeratogenesisTeratogenesis --

Presenter
Presentation Notes
The organs of the body have different sensitivities to radiation, therefore, dose thresholds for deterministic health effects are also different.

A typical deterministic effect of radiation exposure is radiation sickness. It occurs after acute whole body doses of penetrating radiation of not less than one sievert. The first signs of exposure appear after a latency time of one or two hours and consist of malaise, nausea and possibly vomiting. The prognosis can be greatly improved by high standard hospital care, but if the dose to the bone marrow has been more than 6-8 Sv, death usually follows after a few weeks.

Doses of this magnitude are seen only in serious accidents, often in connection with strong radiation sources in wrong hands. It is extremely unlikely that a population exposed to fallout from a nuclear accident would get such high doses except possibly in the close vicinity of the reactor. No member of  the public got radiation sickness after the Chernobyl accident. It appeared only in emergency workers working at the accident site. 28 of them died of the disease. 

The radiation sickness may be further complicated by high doses to certain organs. In an accident, exposure is often highly inhomogeneous, in which case severe organ damage is possible in spite of a moderate bone marrow dose. In the Chernobyl accident response, the situation for exposed emergency workers was worsened by severe radiation damage to the skin.

In case of a prolonged dose of several Sv, a chronic form of bone marrow depression may develop. However, doses of less than half a sievert, whether acute or prolonged, do not lead to immunodeficiency or any other chronic disease. This fact should be clearly understood by health personnel dealing with people exposed to radiation. Otherwise, radiation exposure may be blamed for any complaint, from rheumatism to toothache or flu.

The skin is especially sensitive to beta rays. A high local dose causes reddening of the skin after a few hours. Two weeks later hair of the skin falls off. Epilation of all hair is usually observed after a life threatening whole body dose of a few Sv. High local doses to the skin may damage and occlude the blood vessels of the skin, and ulcers and necrosis may develop. Such type of a damage can be very painful and invalidising, and amputation may be the only solution.
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Ionising Radiation and HumanIonising Radiation and Human 
Stochastic EffectsStochastic Effects

If the cell is not killed but the genome is changed, it If the cell is not killed but the genome is changed, it 
may give rise to a mutated cell clonemay give rise to a mutated cell clone
From one of these cells through the chain of possible From one of these cells through the chain of possible 
several mutations after many years the first cancer several mutations after many years the first cancer 
cell can appearcell can appear
If any cell, capable of dividing,If any cell, capable of dividing, is hit by radiation, a is hit by radiation, a 
cancer may arisecancer may arise
If a gamete is hit and the genome is changed and this If a gamete is hit and the genome is changed and this 
particular gamete will start a pregnancy, the child particular gamete will start a pregnancy, the child 
may carry a genetic diseasemay carry a genetic disease
Cancer and hereditary effects are the stochastic Cancer and hereditary effects are the stochastic 
effects of radiationeffects of radiation

Presenter
Presentation Notes
Of the various forms of damage that exposure can cause in living cells some do not cause the death of the affected cells. A viable but modified somatic cell may still retain its reproductive capacity and may give rise to a clone. If the clone is not eliminated by the body’s defence mechanisms, it may result, after a prolonged and variable period of delay termed the latent period, in the development of a malignant conditions, usually termed cancer, which is the principal late somatic effect of exposure to radiation.

If the damage occurs in a cell whose function is to transmit genetic information to later generations, the effects, which may be of different kinds and severity, will be expressed in the progeny of the exposed person. This type of stochastic effect is called a hereditary effect.  

In general, it is impossible to know whether an individual cancer case was caused by exposure in the past or not. If a person is accidentally or occupationally exposed to radiation and then gets cancer later in life, he may be convinced that his cancer was caused by the radiation. In reality, however, this is probably not the case.
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Stochastic Health EffectsStochastic Health Effects 
Description, ExamplesDescription, Examples

No threshold dose existsNo threshold dose exists
Assumed no safe dose Assumed no safe dose 
Late appearance (years)Late appearance (years)
Latency period:Latency period:

Several years for cancerSeveral years for cancer
Hundreds of years for hereditary Hundreds of years for hereditary 
effectseffects

Probability increases with Probability increases with the the 
dosedose
Degree of severity doesDegree of severity doesnn’’t t 
increase with increase with the the dosedose

Presenter
Presentation Notes
In contrast to deterministic effects, it is assumed that there is no threshold dose below which stochastic effects (e.g., cancer) cannot occur. They do not occur in every exposed individual; the probability that an individual or one of an individual’s descendants in subsequent generations may develop one of these effects increases with the dose received. Thus, even if the dose is very low, it is believed that the person has a chance, albeit a very small one, of incurring such an effect.  

While talking about stochastic effects the terms of “risk” and “collective dose” should be explained. Risk of stochastic consequence is the probability of its occurrence. Individual risk can be low or high depending on the dose received, and that individual may or may not actually get a cancer. Population risk is proportional to the collective dose – that is the product of the mean effective dose in a group and the number of individuals in that group.  The consequences may be detected only in epidemiological studies.
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Excess Cancer IncidenceExcess Cancer Incidence

Solid cancers

Leukemia
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Presenter
Presentation Notes
For most cancers in adults, the latent period is at least ten years, or even longer. The shortest latent period is for the leukaemia and thyroid cancer (3-5 years).

Among the atomic bomb survivors in Japan, the leukaemia incidence started to increase two years after exposure and then gradually faded. The maximum increase occurred less than ten years after exposure. In contrary, the incidence for solid tumours started to increase later, about 5 years after exposure, but the increase is still going on and seems to continue to the end of life. It is actually accentuated when the exposed population gets older and natural cancer incidence increases.
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Stochastic Health EffectsStochastic Health Effects 
Description, ExamplesDescription, Examples

Dose response is Dose response is believed to be believed to be more or less linearmore or less linear
DoseDose rate may have a slight effects on riskrate may have a slight effects on risk
Indistinguishable from Indistinguishable from ‘‘spontaneousspontaneous’’ cancerscancers
Seen only Seen only in epidemiological studiesin epidemiological studies
Normal treatmentNormal treatment

Presenter
Presentation Notes
The cancers introduced by radiation, with or without the contributions of other agents, are not distinguishable from those that occur owing to other causes, or “spontaneously”. Since the probability of cancer resulting from radiation is related to dose, this type of radiation effect can only be detected by statistical means in epidemiological studies carried out on exposed population groups. 

Based on general theories of how ionizing radiation acts to produce cancer it is assumed that there is no threshold below which the risk of cancer is zero. In other words, all finite exposure levels will increase the risk that cancer will occur. This does not mean that all finite exposures actually will cause cancer.

Except as a result of serious accidents or inevitable irradiation of healthy tissues in radiotherapy, the doses incurred by man are not so large as to produce deterministic effects. Therefore, the main practical interest in the risks of radiation lies in the region of lower doses and dose rates that are experienced in radiation work or in other situations of everyday life. 
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Radiation Induced CancerRadiation Induced Cancer

Cancer Cancer –– the main the main possible health possible health effecteffect of of 
publicpublic exposureexposure

Excess riskExcess risk as a probability of radiation as a probability of radiation 
induced cancerinduced cancer

Presenter
Presentation Notes
From a public health perspective, cancer is the most important health effect of ionising radiation. 

Unlike genetic effects of radiation, radiation induced cancers are well investigated. Many studies have been accomplished which directly link the induction of cancer and radiation exposure. The following are examples of epidemiological studies:

Lung cancer – Uranium miners;

Bone cancer – Radium dial painters;

Thyroid cancer – Therapy patients, population exposed due to Chernobyl accident;

Breast cancer – Therapy patients;

Skin cancer – Radiologists;

Leukaemia – Bomb survivors, in-utero exposures, therapy patients.

The most important groups that were studied are those exposed to the atomic bombs in Japan in 1945.
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Thyroid Cancer Incidence RateThyroid Cancer Incidence Rate

Thyroid cancer incidence rate among children of 
Belarus exposed to radiation due to the Chernobyl 
accident
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Presenter
Presentation Notes
One of the well investigated health consequence of radiation exposure is radiation-induced thyroid cancer in childhood. A radioactive release containing radioiodine can cause high doses to the thyroid gland. Children are sensitive to the carcinogenic effect of radioiodine. The estimation of risk for thyroid cancer in children exposed to radioiodine which was done before Chernobyl accident showed the value 2.5 per 104 person-gray per year. This means that if 1 million children get a mean thyroid dose of 10 mGy, 2-3 extra cases of thyroid cancer per year will occur in this group. As the background frequency of thyroid cancer in children is about 1 per million children per year, this very low dose may in fact cause a noticeable increase in children’s’ thyroid cancer rate. 

The population exposed due to the Chernobyl accident therefore appears to be one of the most important group for studying the radiation induced thyroid cancer. Indeed, significant increase of thyroid cancers was observed in Belarusian population, specially among exposed in childhood.
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Risk CoefficientsRisk Coefficients 
Stochastic EffectsStochastic Effects

ICRP: cancer mortality in a population ICRP: cancer mortality in a population 
exposed at low dose rateexposed at low dose rate

5% per man5% per man--SvSv

ICRPICRP: : risk for geneticrisk for genetic diseasesdiseasesss in the in the 
offspring of an exposed populationoffspring of an exposed population

1.3% per man1.3% per man--SvSv, all future generations , all future generations 
counted togethercounted together

Presenter
Presentation Notes
The overall lifelong risk for cancer mortality in the Japanese group is calculated to be about 10% per sievert. This does not include the non-lethal cases of cancer. The dose response curve for solid tumours is remarkably linear. For leukaemia, however, the risk per dose is higher for high doses than for low doses. 

The atomic bomb survivors, whether getting a low or a high dose, were all exposed at a high dose rate. Based on experimental evidence, it is believed that exposure at a low dose rate implies a smaller risk. Exposure to the population after radioactive fallout would typically extend for years. The ICRP has adopted a dose and dose reduction factor of 2 for low doses and low dose rates, thus estimating a total increase in risk for lethal cancer of 5% per Sv. This means that a collective dose of 10000 Sv is estimated to cause 500 extra cancer deaths in the population, regardless of the size of the population. Naturally, the exact number is not known, but the magnitude is probably not much in error. These cases are expected to appear, beginning after a latency time and continuing as long as exposed persons are alive, perhaps for more than 80 years. During the same time period, roughly 20% of the exposed people are expected to die of cancer from other causes. If the population has been exposed to radiation from a fallout, the extra cancer cases caused by radiation will therefore possibly never be recognised as an increase compared to the high background cancer rate. Still, the numerical amount of extra cases may be considerable. Actions to protect the public are aimed to reduce this number, regardless of whether it would ever show up as a recognisable increase against the background.

The ICRP has estimated the risk for genetic disease in the offspring of an exposed population to be 1.3% per man-Sv, all future generations counted together. In a population of working age, excluding children, the calculated risk is 0.8% per man-Sv.
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Medical AspectsMedical Aspects

AccidentAccident Critical organCritical organ Major source of Major source of 
dosedose

Reactors (power, research, Reactors (power, research, 
ship)ship)

Whole body Whole body (bone marrow)(bone marrow)

SkinSkin
ThyroidThyroid

GammaGamma
BetaBeta
RadioiodineRadioiodine

SpentSpent reactor fuel storage or reactor fuel storage or 
reprocessingreprocessing Whole body Whole body (bone marrow)(bone marrow) GammaGamma

Industrial and medical Industrial and medical 
gamma sources (sealed)gamma sources (sealed)

Whole body Whole body (bone marrow)(bone marrow)

SkinSkin
GammaGamma
GammaGamma

Industrial and medical Industrial and medical 
gamma sources (damaged, gamma sources (damaged, 
unsealed)unsealed)

Whole body Whole body (bone marrow)(bone marrow) 
SkinSkin

GammaGamma
BetaBeta

PuPu -- weapons damage or weapons damage or 
manufacturemanufacture LungLung AlphaAlpha

Presenter
Presentation Notes
Every possible effort should be made to prevent anyone receiving doses above the thresholds for deterministic effects. Critical organs can be identified for many accidents. If the dose is kept below the threshold for deterministic health effects in this critical organ than deterministic health effects will be prevented in all the organs. Studies and experience have shown that the types of accident that can result in severe deterministic effects (e.g., deaths) are rare. They include individuals unknowingly handing highly radioactive sealed sources, industrial accidents where workers are accidentally exposed and releases from large power reactors or reprocessing facilities.

Medical consequences of the radiation accidents could be seen among the public or/and workers. In general, severe radiation accidents are related to acute overexposure and affect more often professionals than the general public. In most of them only one or very few individuals are involved – those who were using the source for professional reasons. From the other side, more and more accidents are related to lost or stolen industrial radiation sources which are found by the members of the public. Nuclear accidents, the dramatic example of which is Chernobyl accident, may be the cause of general public overexposure while professionals and emergency workers could receive the doses above threshold for deterministic health effects.

In major radiation accidents which happened during the period 1944-1998 in nuclear industry, non-nuclear industry, research medicine there were about 3000 overexposed people and about 130 fatalities. This number includes 28 firemen who got acute radiation sickness due to the Chernobyl accident in 1986.  
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Medical ConsequencesMedical Consequences

Public health effects directly related to Public health effects directly related to 
radiation exposureradiation exposure

Deterministic Deterministic 
StochasticStochastic

Public health effects indirectly related to Public health effects indirectly related to 
radiation exposureradiation exposure

Caused by the accident per seCaused by the accident per se
Caused by the interventionCaused by the intervention

Presenter
Presentation Notes
Radiation accident may induce health effects in affected population. These are very often due not only to the radiation exposure but also to the societal disruption, economic disorganisation and environment impact, which are usually accompanying any radiation accident.

Therefore, medical consequences of the radiation accidents could be classified into two categories: those directly related to the accidental exposure and those, which are indirectly caused by the accident.

Deterministic and stochastic effects fall into the first category. Medical consequences, which could be caused indirectly by exposure, or by the intervention aimed to reduce/minimize exposure fall into the second category.

Direct effects of exposure are not dependent on awareness or subjective perception of risk. They can be prevented or reduced by protective actions only.

On the contrary, health effects related secondarily to the release may be widespread both geographically and temporally and may affect a very large number of people, thus far outnumbering the direct radiation effects.
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Indirect Health EffectsIndirect Health Effects

Caused by the accidentCaused by the accident
PsychologicalPsychological
Voluntary abortionsVoluntary abortions
DemographicalDemographical
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Presenter
Presentation Notes
Psychological effects in affected population are among the most important health consequences indirectly caused by the accident. Another possible consequence of the accident is a number of voluntary abortions, which were reported after Chernobyl accident in Switzerland, Northern Italy, Greece and other countries. Choice of voluntary abortions may be considered as a consequence of the stress to pregnant women. They also reflect the inadequacy of the medical profession’s knowledge of the risks linked to ionising radiation.

There may be also changes in demographic situation which could be indirectly caused by accidental conditions.
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Caused by the Caused by the 
interventionintervention

PsychologicalPsychological
Consequences of Consequences of 
inappropriate medical inappropriate medical 
carecare
Consequences of Consequences of 
restriction of food restriction of food 
productsproducts
Side effects of iodine Side effects of iodine 
prophylaxis prophylaxis –– very rarevery rare

Indirect Health Effects (contIndirect Health Effects (cont’’d)d)

Presenter
Presentation Notes
Other types of indirect effects are strictly related to intervention. Intervention itself may also cause psychological effects. Protective actions aimed to reduce exposure may even be counterproductive with respect to psychological effects.

In addition to that intervention could indirectly lead to different diseases. It may be possible, for example that urgent protective actions as evacuation or sheltering could prevent performance of normal emergency health care, home care of helpless elderly people and other urgent tasks. These are the issues to be planned in advance. It is also possible to expect side effects from taking stable iodine (among people allergic to iodine). But this effect is observed very rare.    

Another possible consequence may be the influence of the restrictions of food products in affected areas to the human health. Such restriction, specially long-term, could lead to the micronutrient deficiencies or sub-deficiencies.
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Psychological EffectsPsychological Effects

Psychological effects dPsychological effects do not correlate with real o not correlate with real 
exposure but exposure but withwith subjective perception of subjective perception of 
riskrisk
Psychological effects coverPsychological effects cover

Psychic sufferingPsychic suffering
Changes in risk perceptionChanges in risk perception
Modification in individual and social behaviorModification in individual and social behavior

Modification factors:Modification factors:
DemographicDemographic
PerceptualPerceptual
Sociological Sociological 

Presenter
Presentation Notes
It is now generally agreed that radiation accidents have serious negative consequences to the mental health of affected population. Psychological effects cover psychic suffering, changes in risk perception and modifications in individual and social behaviours. Psychic suffering can be simply the perception that one’s psychic welfare has deteriorated, or it also can be more intensive change with medical symptoms and pathological conditions. All these different aspects damage health as defined by WHO: a state of well-being – mental, physical and social.

A psychological impact has many features, generally related to the notion of the stress. Stress corresponds to a permanent situation of biological, psychic and social maladjustment, which requires alertness, tension and energy on the part of the subject. This physiological reaction depends on how the person experiences the situation. If a person’s well-being is harmed over a long period, then pathologies, including generalized anxiety, panic attacks and depression may appear. 

Several factors can modify the seriousness or the nature of the effects. Most of these are demographic (sex, age). Others are perceptual: perception of the accident, of it’s health consequences, of the authorities’ competence. Influencing factors may also include beliefs about everyday life and coping abilities. There are also sociological factors like the management of the situation from the side of the person, by the community, affective support from family and relatives, the financial compensation for victims, etc.
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Psychological Effects (1)Psychological Effects (1)

Major accidents showed that affected peopleMajor accidents showed that affected people
Believe in the threat to their healthBelieve in the threat to their health
Doubt what has been reported about accident Doubt what has been reported about accident 
and resulted dosesand resulted doses
Got modification in the life styleGot modification in the life style
Have somatic complainsHave somatic complains
Got substance abuse (alcohol, tranquilizers, Got substance abuse (alcohol, tranquilizers, 
sleeping pills)sleeping pills)

Presenter
Presentation Notes
From the studies performed after three major radiological accidents, i.e. TMI, Goiânia and Chernobyl accident, common reactions and psychological consequences can be summarised as follows:

individuals relate all their present health problems to radiation, although they either don’t know the doses they were exposed or don’t believe in the reported doses;

they live under the threat of possible delayed effects;

life style has been modified by changes in food consumption, substance abuse, the elimination of some activities and new habits induced;

somatic complains are reported;

individual coping mechanism include apathy, avoidance, depression, denial, information seeking, search for the culprit, etc.

All these individual reactions were gradually pronounced and intense, depending on factors related to the accident as well as to affected individual.
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Psychological Effects (2)Psychological Effects (2)

Any psychological stress had general health Any psychological stress had general health 
effectseffects
Stress symptoms Stress symptoms 

Anxiety, depressionAnxiety, depression
Disturbed sleep, headache, nauseaDisturbed sleep, headache, nausea
Loss of appetite, fatigue, apathyLoss of appetite, fatigue, apathy
Aggression, suicidal acting, drug and alcohol Aggression, suicidal acting, drug and alcohol 
abuse abuse 
Stress symptoms may mimic somatic diseaseStress symptoms may mimic somatic disease
Diffuse pain anywhere may be due to stressDiffuse pain anywhere may be due to stress

Presenter
Presentation Notes
The typical symptoms of stress are anxiety, depression, a disturbed sleep pattern, headache and nausea, loss of appetite, fatigue and apathy, aggression, suicidal acting, drug and alcohol abuse. Symptoms of stress may also mimic somatic disease. Diffuse pain anywhere without any underlying organic disease may be due to stress.

Stress can induce functional gastrointestinal disturbances but also overt organic disease like gastritis and peptic ulcer. Also, stress is believed to be a relevant factor in the aetiology of diseases like ulcerative colitis, hypertonia and ischemic heart disease.
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How to How to Reduce Psychological EffectsReduce Psychological Effects

Have an ongoing information programme Have an ongoing information programme 
Give clear, simple and timely adviceGive clear, simple and timely advice
Consistent advice and assessment (one official  Consistent advice and assessment (one official  
point)point)
Use international guidance Use international guidance 
Ensure protective actions are justifiedEnsure protective actions are justified
Correct false informationCorrect false information
Consider education and counsellingConsider education and counselling

Presenter
Presentation Notes
It is believed that having clear, simple advice available at the time of an accident based on internationally endorsed or recommended guidance will do much to maintain confidence in the national authority, and thereby help to alleviate mental distress and anxiety.

The only way to cope with the problem of mistrust is to give rapid, correct and open general information about contamination and exposure. Still, some mistrust probably cannot be avoided. Part of this problem is that the news media have their own interest in propagating exaggerated exposure and risk data. Thus conflicting information and views of risk reach the public, decreasing trust in information given by authorities. The public reacts to dramatic media reporting with increased anxiety, which in turn stimulates further media promotion.

Efforts should be made to provide consistent advice and assessment to the public and media (press), and to correct false information.  This is best accomplished by having one source of official information within the country and having coordinated protective actions with nearby countries in advance. This should increase the public confidence and compliance with recommended actions. Every effort must be made to maintain public trust.

Social support and education, including individual and group counselling, is an important part of coping with the situation. It is necessary and urgent to convince the population in contaminated areas that their symptoms cannot be attributed to radiation but may be due to the psychological consequences of stress. This educational task requires the active involvement of individuals, organisations and authorities who enjoy or can establish credibility. Locally trusted people can include medical personnel, teachers or youth leaders.
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Requirements for Medical PreparednessRequirements for Medical Preparedness

InfrastructureInfrastructure
Must be in place to ensure that the functional Must be in place to ensure that the functional 
requirements of a response can be performed requirements of a response can be performed 
when neededwhen needed

FunctionalFunctional
Should be fulfilled to achieve the response Should be fulfilled to achieve the response 
objectives  objectives  

Presenter
Presentation Notes
In order to be effectively implemented, emergency medical response should be planned and organized in accordance with particular infrastructure and functional requirements. 

Being the part of overall emergency preparedness and response, medical response should meet the same approach to requirements as it’s given in the IAEA TECDOC-953 “Method for the development of emergency response preparedness for nuclear or radiological accidents”  for all response organizations.

The infrastructure requirements must be in place to ensure that the functional requirements of a response can be performed when needed. Planning objectives are provided for each infrastructure requirement along with items to be considered when developing the capability to meet these objectives and response objectives are given for each functional requirement along with items to be considered in developing the capability. See IAEA TECDOC-953 for details.





VI1_1 Medical Preparedness for Radiation Emergencies - Overview 28

Requirements forRequirements for EmergencyEmergency 
PreparednessPreparedness and Responseand Response

Infrastructure Functional

Common Specific

Cooperative

Presenter
Presentation Notes
Infrastructure and functional requirements for effective response can be divided into: 

common, applied to all organizations involved in emergency response, 

specific, applied only to medical response, and

cooperative, applied when joint efforts are needed.

Common requirements should be discussed at the early stages of emergency planning by emergency planners and managers from all involved organizations including medical. 

Specific requirements are the responsibility of medical organizations. In development their own specific tasks medical organizations are more independent from others. However, there are no completely independent tasks in the emergency. Therefore medical organizations should check the existence of common interest in implementation of the tasks and inform others about their activities.

Cooperative requirements are related usually to the tasks and responsibilities where joint efforts are necessary at all stages. Cooperative requirements call for maximum joint efforts at all stages of preparedness and response. They should be taken into account by all response organizations.

Common features of all requirements of medical response are as follows. Requirements are:

connected with the other elements of the overall response organization,

applicable for all treat categories.
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RequirementsRequirements –– InfrastructureInfrastructure

AuthorityAuthority
OrganizationOrganization
CoCo--ordination of emergency responseordination of emergency response
Plans and proceduresPlans and procedures
Logistical support and facilitiesLogistical support and facilities
Training, drills and exercisesTraining, drills and exercises
Quality assurance and programme Quality assurance and programme 
maintenancemaintenance

Presenter
Presentation Notes
The majority of requirements which are considered to be common with other organizations involved in emergency response, are attributed to infrastructure requirements. This is logical consequence of the statement that infrastructure requirements must be in place to ensure that the functional elements of a response can be performed when needed. Therefore, emergency preparedness will start from development of infrastructure requirements. It’s necessary to stress that after discussions and agreements between all involved organizations, the same infrastructure requirements have to be developed in medical organizations taking into account their own specific goals and responsibilities. For example, all involved medical organizations will be represented by one medical authority at the national level during the planning process. This authority will be involved in response coordination, writing plans and procedures at the national level. However, one step lower, within medical organizations a response coordination and writing plans and procedures is needed as well. These activities will be secondary or derived from the activity at the national level, and will have more specific features attributable for medical facilities.  Another example could be participation in training, drills and exercises. These activities will be organized between all response organizations and within medical community as well.

We can conclude that at the national level all listed infrastructure requirements are common, as they are applied to all organizations involved in emergency response, including medical. Such requirements as “Plans and Procedures”, “Logistical support and Facilities” and “Training, Drills and Exercises” have some specific features reflecting the peculiarities of medical response as at the national, as at the local levels. Therefore, these requirements are also specific for medical response to the extend of specificity of medical responsibilities. To the fulfillment of the requirements “Plans and Procedures” and “Training, Drills and Exercises” joint efforts are needed, as it was described in the examples above. Therefore, these requirements should be considered as cooperative. 
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RequirementsRequirements –– FunctionalFunctional

Establishing emergency management Establishing emergency management 
operationsoperations
Identifying, notifying and activatingIdentifying, notifying and activating
Performing Performing mitigatorymitigatory actionsactions
Taking urgent protective actionsTaking urgent protective actions
Providing information and issuing Providing information and issuing 
instructions and warning to the publicinstructions and warning to the public
Protecting emergency workersProtecting emergency workers
Assessing the initial phaseAssessing the initial phase

Presenter
Presentation Notes
All functional requirements are listed on this and the following slide. 
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RequirementsRequirements –– Functional (1)Functional (1)

Managing the medical responseManaging the medical response
Keeping the public informedKeeping the public informed
Taking agricultural countermeasures, Taking agricultural countermeasures, 
countermeasures against ingestion and longer countermeasures against ingestion and longer 
term protective actionsterm protective actions
Mitigating the nonMitigating the non--radiological consequences radiological consequences 
of the emergency responseof the emergency response
Conducting recovery operationsConducting recovery operations

Presenter
Presentation Notes
Specific requirement for medical response is “medical management”. However, medical organizations have to participate adequately in the implementation of other functional requirements as well. Especially regarding

Urgent protective actions

Issuing instructions and warnings to the public

Agricultural countermeasures, countermeasures against ingestion and longer-term protective actions

Mitigation of non-radiological consequences.

These four mentioned above requirements are cooperative in the nature of their fulfilment.
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Medical AssistanceMedical Assistance

Establish a capability to provide immediate onEstablish a capability to provide immediate on--site site 
first aid during an emergencyfirst aid during an emergency
Develop guidelines for the decontamination of injured Develop guidelines for the decontamination of injured 
personspersons
Provide means to transport and initially treat a Provide means to transport and initially treat a 
limited number of highly contaminated or exposed limited number of highly contaminated or exposed 
and injured individuals from the siteand injured individuals from the site
Develop agreement to treat highly exposed persons at Develop agreement to treat highly exposed persons at 
an existing institution having the capability to provide an existing institution having the capability to provide 
specialized treatment of overexposed personnelspecialized treatment of overexposed personnel
Make plans to treat radiation exposure among the Make plans to treat radiation exposure among the 
public that concentrate on means of triage and use of public that concentrate on means of triage and use of 
existing medical facilities most effectivelyexisting medical facilities most effectively

Presenter
Presentation Notes
There are several planning items to be fulfilled by facility, local or national level within medical assistance. These items, applicable for the threat category I facilities (facilities for which events, including very low probability events, that could give rise to severe deterministic health effects off-site are postulated or have occurred in similar facilities) are listed at the slide. 

Number of items to be planned depends on threat category. Detailed description and explanation is given in IAEA-TECDOC-953 “Method for the development of emergency response preparedness for nuclear or radiological accidents”.
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Generic Response OrganizationGeneric Response Organization
RESPONSE INITIATOR

First official being informed of 
an emergency with authority to 

initiate a response plan

FIRST RESPONDER
First person or team to arrive 
at the scene of an accident 
with an official role to play in 

the accident response

EMERGENCY MANAGER
Appointed official in charge of 
overall emergency response 

RADIOLOGICAL ASSESSOR
Usually senior member of a 

radiological assessment team 
sent to the scene of an 

accident

ON-SCENE 
CONTROLLER

Usually senior member 
of First Responder 

team 

Fire 
service

Police

Facility 
responder

Emergency 
medical 

responder

Presenter
Presentation Notes
This chart gives an overview of the generic organization needed to respond to a radiological emergency.  

Emergency medical personnel starts to play an important role at the stage of first response. Emergency medical team may be the first to arrive at the scene of the accident or it may come later, after other responders will already start necessary response actions.

In both cases actions of emergency medical responders should be fully incorporated in joint emergency response. More detail consideration of this point is presented in another lecture.     
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SummarySummary

This lecture presented overview of medical This lecture presented overview of medical 
management management 
The following topics were covered in the The following topics were covered in the 
lecture: health effect of radiation, direct and lecture: health effect of radiation, direct and 
indirect effects of radiation exposure, indirect effects of radiation exposure, 
objectives and requirements for emergency objectives and requirements for emergency 
medical preparedness and responsemedical preparedness and response
Comments are welcomedComments are welcomed

Presenter
Presentation Notes
Let’s summarize the main subjects we did cover in this session. This lecture presented overview of medical management.

We did cover the topics describing health effect of radiation, direct and indirect effects of radiation exposure, objectives and requirements for emergency medical preparedness and response.
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Where to Get More InformationWhere to Get More Information

UNSCEAR, Sources and Effects of Ionizing UNSCEAR, Sources and Effects of Ionizing 
Radiation, 2000 Report to the General Radiation, 2000 Report to the General 
Assembly with Scientific Annexes, United Assembly with Scientific Annexes, United 
Nations, New York (2000)Nations, New York (2000)
Ricks, R.C., PreRicks, R.C., Pre--hospital Management of hospital Management of 
Radiation Accidents, ORAU 223, Oak Ridge Radiation Accidents, ORAU 223, Oak Ridge 
Associated Universities, Oak Ridge, TN, 1984Associated Universities, Oak Ridge, TN, 1984
Medical management of radiological Medical management of radiological 
casualties. Handbook. Ed. D. Jarrett., AFRRI, casualties. Handbook. Ed. D. Jarrett., AFRRI, 
Bethesda, MD, 1999Bethesda, MD, 1999

Presenter
Presentation Notes
Questions

What is the cause for all health effects of ionising radiation?

List the main health effects of ionizing radiation!

Give the examples of deterministic effects!

What are the main differences between stochastic and deterministic effects?

What are the examples of health effects directly and indirectly caused by ionizing radiation?

How can we manage the psychological consequences of radiation?

Where is the place of emergency medical response in the generic response organization?

What are the requirements for emergency medical preparedness and how are they connected with the requirements for other organizations?
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