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Science and Technology Directorate – (202) 282-8125

MARYCesium-137

1. Hazard Identification

· Cesium-137 (seas-e-um one thirty seven)

· Other common names or referral terms: Often written as Cs-137 or 137Cs

2. Quick Facts 

· Chemical form – Virtually always used as cesium chloride, a white
 water soluble salt similar to table salt, i.e., sodium chloride

· Physical form – Normally found as a ceramic pellet in a welded, stainless steel capsule inside a shielded container

· Variability – Used in large, potentially harmful sources for industrial purposes and in very  small, essentially harmless sources for medical applications

· Detectability – Easily detected with the aid of almost any radiation survey meter; easily identified by many gamma detectors
· Availability – Cesium-137 is widely used as a medical and industrial radioisotope all over the world and in the U.S. Precise figures are not available, but the International Atomic Energy Agency estimates that there are tens of thousands of external beam teletherapy units using cesium-137 in service worldwide and millions of low activity sources in use around the world, many of which contain cesium-137.  
· Production – Cesium-137 is produced by the fissioning of uranium and plutonium and is therefore present in spent nuclear fuel and in the fallout from nuclear explosions; minute amounts occur everywhere on the surface of the earth (and in the stratosphere) as a result of past atmospheric nuclear testing.  For medical and industrial sources, cesium-137 is extracted from spent nuclear fuel.  
3. Radioactive properties

· Hazardous radiation type – High energy gamma radiation.
· Half-life – 30.02 years

· Specific activity – 87.0 curies per gram (or 3220 billion disintegrations per second per gram of cesium-137)
· RDD Threat Assessment - Cesium-137 is considered to be a primary RDD threat material because of its availability in large sources and the ease of its dispersion.  It is one of the more commonly used radioactive materials used for scientific, medical, and industrial applications.  Because of its 30-year half-life, large sources can remain dangerous for hundreds of years.  It is most commonly used chemical form, cesium chloride, is very soluble, making it a significant challenge to decontaminate if released from its (typically) double welded, steel encapsulation.
· Accident History - In 1987, scavengers dismantled a metal canister from a radiotherapy machine at an abandoned Cancer Clinic in Goiania, Brazil.  Five days later a junkyard worker pried open the lead canister to reveal a pretty blue, glowing dust: cesium-137.  It took over a week discover the release and in that time extensive community contamination and exposures occurred resulting in four deaths and many more injured. (See references for more information.)
4. Health effects or risks from exposure:

· Dose – The radiation from cesium-137 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 cesium-137 source 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 Cesium-137 Sources 

of Various Sizes, and Safe Distances for These Sources
	Source size

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

	
	
	An injurious dose
	A potentially fatal dose
	

	10,000
	3700
	1.6 minutes
	4.9 minutes
	140

	100
	37
	2.7 hours
	8.1 hours
	14

	1
	0.37
	11 days
	34 days
	1.4

	0.01
	0.0037
	3.1 years
	9.2 years
	0.14


* 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 1.8 cm of lead or 4.0 cm of steel will decrease the dose rate by a factor of ten.

· Uptake and decorporation agents – Cesium chloride is readily dissolved in water and may enter the body by inhalation, absorption through the skin or by gastrointestinal absorption if ingested.  The recommended treatment for cesium-137 in the gastrointestinal tract is Prussian Blue, an unabsorbable dye that will bind to the cesium and make it unavailable for absorption by the body.
5. Common Commercial Uses and Identified Hazard Level Information
Table 2.  Hazard Level and Common Commercial Uses for Cesium-137 Sources

	Source Size
	Application
	Considerations

	Very Large Sources

IAEA Category 1: > 3000 Ci

(> 45 g of CsCl)

Often in > 2000 kg of shielding
	- Sterilization and food preservation

- Industrial radiography

- Blood and tissue irradiation
	Although not common, Cs-137 sources > 100,000 Ci do exist for some industrial applications.  Most often the source is installed in a facility irradiation cell.

	Large Sources

IAEA Category 2: 300–3000 Ci (5 to 45 g of CsCl)

Often in several 50 kg of

shielding
	- Calibration facilities

- Radiotherapy units
	The source from the 1987 Goiania accident was a 1400 Ci Cs-137 abandoned radiotherapy unit.

	Small Sources

IAEA Category 3: 3–300 Ci

(0.5 to 5 g of CsCl)

10 - 50 kg of shielding
	- Level gauges

- Well logging instruments

- Density/moisture gauges

- Dredging gauges
	Level gauges are very common in industry and are often accidentally thrown away as scrap metal.

	Very Small Sources

< 3 Ci (< 0.5 g of CsCl)

Often stored in small (<

25 kg) lead “pigs”
	- Medical treatment (cancer needles or seeds)

- Electron capture detectors

- Common calibration and check sources
	Small Cs-137 sources are common throughout industry.  With the largest of these, prolonged exposure may be of concern.


6. Response Considerations

· Accidents:

· Transportation: Life endangering amounts of radioactive material are shipped in extremely robust containers, see NAERG for appropriate actions. In the U.S. all shipments of radioactive cesium for medical or industrial purposes are required to follow Department of Transportation guidelines that make it extremely unlikely that the material will be released due to a transportation accident.  
· 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/cesium.htm

· Canadian Radioactive Material Data Sheet: http://www.stuarthunt.com/Downloads/RMSDS/Cs137.pdf

· The Accidental Leakage of Cesium-137 in Goiania, Brazil, in 1987: http://www.nbc-med.org/SiteContent/MedRef/OnlineRef/CaseStudies/csGoiania.html

· 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/$file/radiological%20attack.pdf
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Cesium-137 Irradiators

� The cesium chloride may glow blue as a result of the interaction of the beta radiation with the source material.
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