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Examples of incidences

 July 1945: an atomic bomb in New Mexico 

 August 1945: nuclear weapons detonated over Hiroshima and 

Nagasaki, nearly 200,000 acute deaths 

 1986: the Chernobyl nuclear reactor, series of explosions, 31 

people died of ARS in the first few weeks after that event, 

unknown number of millions potentially suffered other long-term 

sequelae

 1987: a radiosource was left at an abandoned radiotherapy 

institute in Goiania, Brazil, 112,000 requiring evaluation, 249 

contaminations, 20 requiring hospital admissions, 4 deaths

 2011: Fukushima Daiichi nuclear plant disaster, about 1000 

disaster-related deaths, no deaths attributed to radiation injuries

https://www.ft.com/content/53ecb19c-c01f-11e5-9fdb-87b8d15baec2Brunka et al, 2022
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• Co-60 radiation accident in Samutprakarn Province
• "Orphan sources" may end up in scrapyards

• An out-of-use Co-60 medical teletherapy source, left unattended in a 

disused parking area belonging to a Medical Dealer, was stolen and 
sold to a scrap dealer

• The Co-60 source was removed and left unshielded

• The unshielded source,  estimated activity of 15.7 TBq (425 Ci)

• Some workers immediately became sick

• Eighteen days later when they went to a local hospital

• Ten victims developed radiation sickness symptoms, three died soon 

• The accident is similar in some ways to the 1987 radiation accident at 

Goiania, Brazil, involving a Cs-137 radiotherapy source

Thongpraparn et al, 2002

Dirty bombs: radiologic dispersal devices, 

combine radioactive materials with conventional 

explosives

 Panic and psychological distress

Radiation Physics

Nonionizing and Ionizing Radiation

 Radiation: energy emitted from a source

 The electromagnetic radiation spectrum

 Nonionizing radiation: 

-long-wavelength, low-frequency, low-energy 

-not carry enough energy to remove an electron from an

atom, not produce charged ions when passing through 

-UV rays, visible light rays, infrared rays, microwaves,

radio waves

-Lasers, US, nuclear magnetic resonance systems in

medical field

 Ionizing radiation: short-wavelength, high-frequency, high-energy

Goldfrank 11th Ed
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Irradiation, Contamination, 

Incorporation 

Contamination: radioactive substance covers 

an object completely or in part

 Incorporation: radionuclide is taken up by 

tissue via some route that permits 

radionuclide to enter the body

AHLS 4th Ed

Types of radiation

Tintinall 9th Ed AHLS 4th Ed
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https://marshield.com/choosing-the-right-radiation-shielding-factors-considered-by-a-shielding-materials-expert/

Half-Life (HL)

◼ Physical Half-Life
Time (in minutes, hours, days, or years) required 
for the activity of a radioactive material to 
decrease by one half due to radioactive decay

◼ Biological Half-Life
Time required for the body to eliminate half of the 
radioactive material

◼ Effective Half-Life
The net effect of the combination of the physical 
and biological half-lives in removing the 
radioactive material from the body

Biologic Effect of Ionizing Radiation

Cellular effects

High doses: causes cell death

 Lower doses: interrupt cellular reproduction 

through inhibition of mitosis, resulting in cellular 

injury with delayed onset of effects

Rapidly dividing cells with short life spans: cells 

most vulnerable, because they are quickly 

depleted, new cells are unable to replete

Measuring radiation

Tintinall 9th Ed
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Monitoring equipment

Tintinall 9th Ed Goldfrank 11th Ed

Allowed Annual Dose of Radiation

Tintinall 9th Ed

Pathophysiology

Direct effects: 

 particles physically damage the DNA in a cell, 

can occur at the sugar phosphate backbone, 

hydrogen bonds, or base molecules

High-LET radiation: more likely to cause direct 

effects

 Mutation, may then result in alteration of germ 

line, development of a neoplasm, or cell death. 
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Pathophysiology

Indirect effects: 

when radiation impacts a molecule and creates 

a reactive species, then chemically reacts with 

organic molecules in cells altering their 

structure or function

 Predominantly caused by low-LET radiation (x-

rays, gamma-rays, fast electrons)

Pathophysiology

 Bystander effect: refers to cellular damage in 

unirradiated cells that neighbor irradiated cells.

Genomic instability: a single mutation followed 

by a cascade of further mutations altering the 

fidelity of genomic replication

Stochastic effect/ deterministic 

effects

AHLS 4th Ed

Lethal Dose of Radiation

 The LD50/60: the dose of penetrating ionizing 
radiation that will result in the deaths (lethal 
dose) of 50% of the exposed population within 
60 days without medical treatment

 The most commonly cited human value:  
LD50/60 of approximately 3.5 to 4.5 Gy (350 
to 450 rad)
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Clinical Effects of Radiation

Local Radiation Injury/ Cutaneous 
radiation injury 

 Partial body exposure, rarely causes systemic 
manifestations

 Dose dependent cutaneous involvement

 the 1st week: asymptomatic or may be transient 
erythemaa (6 Gy), hyperesthesia, itching

 the 2nd week: erythema progresses to hair loss (3 Gy)

 The 3rd week: skin tenderness, swelling, pruritus

 the 4th week: dry (10 to 15 Gy) or wet (20 to 50 Gy) 
desquamation and radionecrosis with ulceration (>50 Gy)

Local Radiation Injury/

Cutaneous radiation injury 

May be indistinguishable from thermal 

burns, except for delayed onset of 

prolonged and severe pain

 At doses > 50 Gy, onset of pain will 

occur immediately, indistinguishable 

from thermal burns

 Surgical intervention: may be required

https://www.cdc.gov/nceh/radiation/emergencies/pdf/cri.pdf

Acute Radiation Syndrome

 After a significant exposure (whole-body 

gamma dose exceeds 2 Gy) within a 24-

hour time period

Can also occur in the setting of neutron 

source exposure or internal 

contamination with alpha and/or beta 

radiation

 4 distinct phases: prodrome, latent 

phase, manifest-illness, recovery
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The prodromal phase

 Transient autonomic nervous system

Nausea, vomiting, anorexia, diarrhea 
accompanied by hypotension, pyrexia, 
diaphoresis, cephalgia, and fatigue

Directly related to the dose received: 
high doses cause acute and severe 
symptoms, lower doses lead to milder 
symptoms and prolonged onset

AHLS 4th Ed

The latent phase

 A symptom-free interval the 

Depend on the received dose, with 

larger doses resulting in a shorter 

duration

Doses < 4 Gy: associated with a period 
that may last 1-3 weeks

The manifest illness phase

 Subdivided into 3 dose-dependent syndromes 
hallmarked by the affected organ system

Tintinall 9th Ed
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https://www.env.go.jp/en/chemi/rhm/basic-info/1st/03-02-06.html

Hematopoietic Syndrome

 With doses > 2 Gy

 The first affected organ system

 Damage the bone marrow stem cells, destruction of the 
circulating hematopoietic cells 

 Lymphocytes: preferentially destroyed

 The peripheral lymphocyte count: the most readily 
available marker to grade the extent of the injury

 Granulocytes and platelets: markers of inflammation, 
their counts initially rise following exposure, but reach a 
nadir within 30 days of the injury

 Morbidity and mortality: pancytopenia, 
immunosuppression, hemorrhage

The lymphocyte nadir: typically occurs 8-30 

days postexposure

Tintinall 9th Ed

GI Syndrome

 Doses > 6 Gy (>600 rad) 

 Nausea, vomiting, and diarrhea within hours of 
exposure

 A short latent phase lasting up to 1 week follows

 A recrudescence of severe nausea, vomiting, 
diarrhea, and abdominal pain: indicates the phase 
that occurs after the failure to replenish the lost 
intestinal mucosa.

 Massive fluid and electrolyte shifts, translocation of 
enteric flora into the bloodstream, leading to the 
development of fulminant enterocolitis
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Neurovascular Syndrome 

(Cardiovascular and Central Nervous System) 

 Doses > 12 Gy

 Mechanism: combination of radiation-induced vascular 

lesions & free radical induced neuronal death, cerebral 

edema

 Immediate persistent and intractable hypotension, 

prostration, nausea, vomiting, explosive bloody diarrhea

 CNS symptoms: develop within hours, seizures, 

lethargy, disorientation, ataxia, tremors

 Hyperthermia, loss of motor control, apathy, 

cardiovascular shock

 The lymphocyte count quickly falls to near-zero levels

 Death from circulatory collapse: within 24-48 hours Goldfrank 11th Ed

AHLS 4th Ed

Emergency response planning 

 Multiple community-wide organizations: 

hospitals, EDs, and public safety, public health, 

emergency management officials

 Every EMS system: prehospital plan for the 

evacuation of victims from a radiation disaster

 Every hospital: protocol detailing instructions for 

receiving and treating radiation victims
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Radiation Protection

 Time

Distance

 Shielding

Quantity

Prehospital Emergency Medical 
Management

 Emergency responders should rapidly establish 
incident command in a situation involving 
radioactive materials

Care and transportation of seriously injured 
victims should not be delayed, even if the 
patient is contaminated

ED Notification/Preparation

 First responders must communicate with 

hospitals prior to arrival e.g. circumstances of 

the event, number of victims, traumatic injuries, 

type of radiologic insult

 Local radiation specialists, health physics 

professionals

 If radiation monitors are not available, patients 

should undergo decontamination and then be 

surveyed for residual contamination when 

monitoring equipment is available
Tintinall 9th Ed
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Triage

 Field triage protocols: minor, delayed, immediate, 

or deceased depending on physical trauma or 

burns

 Not alter triage principles based solely on radiation 

exposure

 Radioactive contamination: never immediately life-

threatening, do not delay treatment of life-

threatening injuries for radiologic surveying

 Morbidity and mortality: physical trauma, thermal 

burns, significant medical conditions

Triage

 First responders: must use universal 

precautions, should assume that all 

victims are contaminated

Most events will only require C- or D-

level protection

Treatment

Most radiation injuries: not immediately life-

threatening, there is usually time to determine 

whether patient was irradiated, externally 

contaminated, or internally contaminated 

 Early treatment decisions: based on biologic 

dosimetry, signs and symptoms evident in the 

first 24 to 48 hours, laboratory test results

Decontamination of external 

contamination

Goal:  to decrease total exposure of 

patient and staff, by minimizing radiation 

exposure from a source external to the 

body to a level that is as low as 

reasonably achievable
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Treatment of Local radiation injury 

 Focuses on analgesia, wound care, infection 

control

 Interruption of radiation-induced inflammation in 

the dermis

 Burn care

Consider applying topical steroids to control local 

inflammation, vitamin A, C, E, pentoxifylline 

to decrease blood viscosity & increase

blood flow

Treatment of Local radiation injury 

 Silver-based creams 

Hyperbaric oxygen may be considered

 Systemic steroids: not recommended
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Treatment of Acute radiation syndrome

 Immediate treatment of the irradiated patient: 

alleviating symptoms of the prodromal phase

 Pain: acetaminophen and opioids 

 if dose > 5 to 6 Gy, avoid using NSAIDs, 

may be at risk for GI bleeding

 Antiemetics: Ondansetron or other 5-

hydroxytryptamine-3 antagonists

 Antidiarrheal agents: use of fluoroquinolone for 

2 -4 days after an acute exposure

Treatment of Acute radiation syndrome

Biologic dosimetry: 

Use of physiological, chemical, biological 

markers to reconstruct doses & assess  

probability of developing ARS

Cytogenetic analysis for chromosomal 

aberrations (dicentrics): the gold standard

 Time of onset of all symptoms, especially 

vomiting & diarrhea, laboratory analyses (e.g., 

rate & nadir of lymphocyte depletion), clinical 

signs

Treatment of Acute radiation syndrome

Obtain baseline CBC and check every 6 hours 

for 24-48 hours

Obtain baseline serum amylase, because 

dose-dependent increases are expected after 

24 hours in a significant exposure

Consultation with hematologist/ 

oncologist/infectious disease specialist 

Treatment of Acute radiation syndrome

Mainly on the support and recovery of the 

hematologic system

May require prophylactic antibiotics, 

antifungals, antivirals or appropriate 

monotherapy for infections
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Treatment of Internal contamination

Generally does not produce early symptoms

Consider if persistently high radiation survey 

readings noted, all nose or mouth contamination 

cases

Obtain 24-hour urine collection for possible 

radionuclide identification

Consult radiation experts: cathartics, activated 

charcoal, gastric lavage, and radionuclide-

specific decorporation agents

Treatment of Internal contamination

Not measured but calculated

Calculations: by a health physicist on 

samples such as nasal swabs, urine, stool to 

estimate how much activity entered the body

Committed doses: defined as the doses 

received that last more than 50 years 

because of the internal deposit of 

radionuclide

Tintinall 9th Ed https://remm.hhs.gov/andrewslymphocytes.htm
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Prenatal Exposures

 Factors: dose. gestational age

 Fetus: shielded in part by the uterus and 

surrounding tissues. 

Gamma and radiographs: directed 

toward a pregnant woman’s abdomen 

could harm the fetus

 Before about 2 weeks: all-or-none 

phenomenon, > 0.1 Gy expected to be 

lethal

Prenatal Exposures

 2-8 weeks: organogenesis occur, at risk 

for congenital malformations and growth

retardation. 

 After 8 weeks: increased risk of mental 

retardation and miscariage

Consult with radiation medicine 

physicians regarding fetal dose 

estimation and risk assessment 

counseling for the expecting parents
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 The REMM Scarce Resources Triage Tool: 

available onlin e for assistance in evaluating a 

patient's prognosis

 Contaminated bodies: should not be 

cremated because this will only redistribute 

the nuclear material, which is not destroyed by 

fire

Resources
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Conclusions

 Ioninzing radiation: irradiation, 

contamination, incorporation

Clinical effects: 

- Local Radiation Injury/ Cutaneous 

radiation injury 

- Acute Radiation Syndrome

 Treatment of life-threatening injuries

Decontamination, Decorporation
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