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Science and Technology Directorate – (202) 282-8125

MARYRadium-226
1. Hazard Identification

· Radium-226 (ra-dee-um two twenty six)

· Other common names or referral terms: Often written as Ra-226 or 226Ra
2. Quick Facts

· Chemical form – Used as Radium bromide or radium chloride
· Physical form – Normally found as a pellet or solution housed within a ceramic outer housing.
· Variability – Through World War II, radium was used in luminescent paints and many other applications, and there are likely some radium-226 sources in various forgotten locations that have not been recovered and safely stored. Today, radium is used in very small and small sources, mostly in radiotherapy for cancer treatment. In addition, radium-226 mixed with beryllium is a good source of neutrons and is used in well logging devices and research.
· Detectability – Radiation survey meters can detect the gamma-rays of radium-226 decay products. 
· Availability – Radium-226 was once widely used for a variety of applications, but has been replaced by more effective (and less expensive) sources such as cobalt-60.  It was used in luminescent paints through World War II, because the soft glow of radium's luminescence made aircraft dials, gauges and other instruments visible to their operators at night. Radium was also an early radiation source for cancer treatment. Today, it is used in generally small quantities in a range of industrial applications, including medical applications and gauges.  Radium occurs naturally in the environment as a decay product of uranium and thorium and is common in virtually all rock, soil, and water at low concentrations. 
· Production – Radium-226 is purified from the decay products of uranium, and is usually obtained from uranium residues at a uranium processing plant.    
3. Radioactive properties

· Hazardous radiation type – Alpha, beta, and gamma radiation are produced by radium-226 and its decay products.
· Half-life – 1600 years

· Specific activity – 1.0 curie per gram (or 37 billion disintegrations per second per gram of radium-226)
· RDD Threat Assessment – Radium-226 is considered to be a significant but not primary RDD threat material, because it is not widely available in any significant quantities but has a very high health effectiveness for either internal or external exposures. 
· Accident History – Radium has contributed minimally to the radiological accident history.  Occasionally, Ra-226 sources are lost, or accidentally melted as scrap metal
4. Health effects or risks from exposure:

· Dose – The radiation from radium-226 can cause serious burns and even death or it can have a negligible effect; health effects depend completely on the total dose received by the exposed individual.  The dose rate at one meter from an unshielded radium-226 sources of different sizes and the time that could be spent at one meter from such sources before receiving either an injurious dose or a potentially fatal dose are listed in Table 1.  The safe distances for these sources—the distance at which the dose rate would be 0.2 rem per hour—is also listed.
Table 1.  Dose rates and Time at One Meter for Radium-226 Sources 
of Various Sizes, and Safe Distances for These Sources (http://www.radprocalculator.com/Index.aspx)
	Source size

(Curies)
	Dose rate at 1 meter from unshielded source (mRem/hr)
	Time at 1 meter from unshielded source to receive: *
	Safe Distance (meters)

	
	
	An injurious dose
	A potentially fatal dose
	

	100
	370
	    11.2 days
	   33 days
	    1.4

	1
	3.7
	    3.1 years
	   9.3 years
	    0.14

	0.01
	0.037
	    310 years
	   930 years
	    0.014


* These are the approximate times only; individual responses will vary.  

· Distance and shielding – Dose rate for a source of a given size depends on distance and shielding.  Doubling the distance to the source will decrease the dose rate by a factor or four; shielding the source with a metal like steel, lead or uranium, will also decrease the dose rate.  Shielding by 2.1 cm of lead or 4.2 cm of steel will decrease the dose rate by about a factor of ten. 
· Uptake and decorporation agents – People may swallow radium with food and water, or may inhale it as part of dust in the air. Radium can also be produced in the body from "parent" radionuclides (uranium and thorium) that have been inhaled or swallowed, but this is not a significant source.  Most radium that is swallowed (about 80%) promptly leaves the body through the feces. The other 20% enters the bloodstream and accumulates preferentially in the bones. Some is excreted through the feces and urine over a long time, but some will remain in the bones throughout the person's lifetime. Inhaled or ingested radium increases the risk of developing such diseases as lymphoma, bone cancer, and diseases that affect the formation of blood, such as leukemia and aplastic anemia. These effects usually take years to develop. 
5. Common Commercial Uses and Identified Hazard Level Information
Table 2.  Hazard Level and Common Commercial Uses for Radium-226 Sources

	Source Size
	Application
	Considerations

	Large Sources

IAEA Category 2: 300–3000 Ci (0.3-3  kg of Ra-226)

Often in several 50 kg of

Shielding
	- none
	

	Small Sources

IAEA Category 3: 3–300 Ci

(3g - 300g of Ra-226)

10 - 50 kg of shielding
	- radiography

- Ra-Be neutron sources (5-100 Ci)
	There are only few Ra sources still in use that have activities above 3 Ci 

	Very Small Sources

< 3 Ci (< 3g of Ra-226)

Often stored in small (<

25 kg) lead “pigs”
	- Moisture/density gauges (~2 mCi)
- Brachytherapy - low dose rate (~20 mCi)
- Ra-Be neutron sources in portable moisture/density detectors (~40 mCi)

- Lightning Preventers (~0.03 mCi)


	Because of leakage risks, the use of Ra-226 for brachytherapy and lightning preventers is phasing out. 


6. Response Considerations

· Accidents:

· Transportation: Life endangering amounts of radioactive material are shipped in extremely robust containers, see NAERG for appropriate actions.
· Facilities: Follow licensee emergency response plans.
· Industrial Accidents: Occasionally industrial sources may be involved in an accidental exposure; this most often occurs at scrap metal recyclers but can also happen during building demolition or other events.

· Malicious or Illegal:
Note: Radioactive sources are occasionally stolen from industrial facilities by thieves who do not know what they are stealing; the sources are often discarded and recovered later.  The intentional theft of radioactive material should be rigorously investigated (contact DNDO for more information).  Although several significant technical and operational challenges have to overcome to employ radioactive material for terrorism, it can be misused in the following fashion.

· Radiation Exposure Device (RED) is the placing of an encapsulated or sealed source so as to expose a person or persons to harmful radiation.  This type of event does not spread contamination, but may cause injury to individuals that have prolonged, close exposure to the sore (size dependant).  If a source is discovered in a public area:
· Safely evacuate the area, 
· Isolate and control the area around the source (safe distances vary; see Table 1 above), and
· Notify proper authorities
· Radiological Dispersal Device (RDD) intentionally spreads radioactive material over an area.  This can be overtly, such as with explosives (also called a “dirty bomb”), or covertly.  Once discovered, the contaminated area should be evacuated and controlled; potentially exposed/contaminated individuals should be monitored and decontaminated (as appropriate).

Because dispersion effectively dilutes that contamination (and therefore the radiation hazard), response to an RDD is rarely life threatening to the responder. Precautions should be taken to avoid the spread or inhalation of radioactive material, but medical emergencies take precedent over radiological concerns.  For more information see the DHS fact sheet on RDDs.
7. Links to other fact sheets

· Environmental Protection Agency Radiation Information: http://www.epa.gov/radiation/radionuclides/radium.htm

· Canadian Radioactive Material Data Sheet: http://www.stuarthunt.com/Downloads/RMSDS/Ra226.pdf

· Center for Disease Control and Prevention: 

http://www.bt.cdc.gov/radiation/isotopes/radium/index.asp

· Human Health Fact Sheets

http://www.ead.anl.gov/pub/doc/rdd.pdf
· The Radiation Field Guide, U.S. Department of Homeland Security, Domestic Nuclear Detection Office, Nuclear Assessment Program / Secondary Reachback, V1-GR135-0905, September 2005

· National Academy of Engineering Fact Sheet on RDDs: 


http://www.nae.edu/NAE/pubundcom.nsf/weblinks/CGOZ-646NVG/
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Radioluminescent disk used to provide a low-level light source during nighttime conditions. The amount of radioactive material varied from model to model with the one shown holding approximately 7 microcuries of radium-226.
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Radium salts were once used in making fluorescent markings on watches and instrument dials because of the glow that it emitted. 
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Radium-226 capsules and screens
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Radium-226 seeds
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