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Science and Technology Directorate – (202) 282-8125

MARYCobalt-60
1. Hazard Identification

· Cobalt-60 (co-balt sixty)

· Other common names or referral terms: Often written as Co-60 or 60Co
2. Quick Facts

· Chemical form – Typically metallic cobalt, used by itself or in a cobalt-nickel alloy
· Physical form – Normally found as thin cylinders of cobalt metal or small pellets encapsulated in stainless steel or nickel.
· Variability – Used in large, potentially harmful sources for industrial purposes, in smaller, sometimes portable sources for industrial and medical radiography, and in very small, essentially harmless sources for research applications
· Detectability – Easily detected with the aid of almost any radiation survey meter; easily identified by many gamma detectors
· Availability – Cobalt-60 is widely used as an industrial and medical isotope all over the world and in the U.S.  Large sources of cobalt-60 are increasingly used for sterilization of spices and certain foods.  Cobalt-60 is also used in many common industrial applications, such as in leveling devices and thickness gauges, and in radiotherapy in hospitals. Canada reportedly produces two million curies per year and supplies 80 percent of the world market.   
· Production – Produced by irradiating natural cobalt in a reactor.
3. Radioactive properties

· Hazardous radiation type – High energy gamma radiation.
· Half-life – 5.3 years

· Specific activity – 1100 curies per gram (or 40700 billion disintegrations per second per gram of cobalt-60)
· RDD Threat Assessment – Cobalt-60 is considered to be a primary RDD threat material because of its availability in large sources and because it is one of the more common radioactive materials used for scientific, medical, and industrial applications.  Because of its 5.3-year half-life, large sources can remain dangerous for decades.  Because it is typically distributed as an encapsulated source and in metal form, it would not disperse easily in, for example, an explosive-type RDD. This would limit the medical impact of the attack, because most of the material would be dispersed in particles too small to be inhaled or carried by natural air currents.  
· Accident History – Cobalt-60 is occasionally found as a contaminant in imported steel, and small sources have been accidentally included in U.S. steel melts on a few occasions in the past several decades.  
4. Health effects or risks from exposure:

· Dose – The major concern posed by cobalt-60 is external exposure to its strong gamma rays. The radiation from cobalt-60 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 cobalt-60 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. Direct exposure to cobalt-60 can also be harmful to the body because of the material's high-energy beta particles. Beta particles pose a risk of burns to the eyes and on the skin from external exposure.
Table 1.  Dose rates and Time at One Meter for Cobalt-60 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
	14,000
	0.43 min
	1.3 min
	260.

	100
	140
	43 min
	2.1 hours
	26.

	1
	1.40
	71.4 hours
	9 days
	2.6

	0.01
	0.0140
	297 days
	2.5 years
	0.26


* 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 3.2 cm of lead or 5.0 cm of steel will decrease the dose rate by a factor of ten.
· Uptake and decorporation agents – People may ingest cobalt-60 with food and water that has been contaminated, or may inhale it in contaminated dust. Once in the body, some cobalt-60 is quickly eliminated in the feces. The rest is absorbed into the blood and tissues, mainly the liver, kidney, and bones. Absorbed cobalt leaves the body slowly, mainly in the urine. Some tests can measure the amount of cobalt-60 in urine, even at very low levels, and the results can be used to estimate the amount in the body. In addition, a technique called "whole-body counting" can be used to estimate internal Co-60 content by measuring the emitted gamma radiation. A variety of portable instruments can directly measure cobalt-60 on the skin or hair. Other techniques include measuring the level of cobalt-60 in soft tissues (such as organs) and in blood, bones, milk, or feces.
5. Common Commercial Uses and Identified Hazard Level Information
Table 2.  Hazard Level and Common Commercial Uses for Cobalt-60 Sources

	Source Size
	Application
	Considerations

	Very Large Sources

IAEA Category 1: > 3000 Ci
(>3 g of Co-60)

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

- Industrial radiography

- Blood and tissue irradiation
	Although not common, Co-60 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 (0.3-3  g of Co-60)

Often in several 50 kg of

shielding
	- Calibration facilities

- Radiotherapy units
	

	Small Sources

IAEA Category 3: 3–300 Ci

(3mg - 0.3g of Co-60)

10 - 50 kg of shielding
	- Portable radiography devices

- 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 (< 3mg of Co-60)

Often stored in small (<

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

- Common calibration and check sources
	Small Co-60 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.
· 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/cobalt.htm

· Canadian Radioactive Material Data Sheet: http://www.stuarthunt.com/Downloads/RMSDS/Co60.pdf

· Center for Disease Control and Prevention: 

http://www.bt.cdc.gov/radiation/isotopes/cobalt/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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Source inside capsule at end of flexible cable
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Source for industrial radiography device (like those for medical units)
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Co-60 radiation unit at Texas A&M University
June 2006
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