Chapter 2
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Thorium-232

There are 13 radioactive isotopes of thorium of which only one, 232Th, occurs naturally. As Thorium decays, other elements are formed and radioactive emissions, chiefly alpha particles, are generated.  These other elements are known as daughter elements and most of them have short half-lifes as they in term decay to other daughter elements.  Consequently, relatively large amounts of ionizing radiation are generated.
An interesting property of thorium is that when it is heated in air it glows with a dazzling white light.  Because of this, one of the major uses of thorium has been the Welsback lantern mantle used in portable gas lanterns.
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Thorium-232 is a naturally occurring radioactive material used in the check source for the AN/VDR-2 Radiac Set.  It is also found in the 
 AN/PDR-54 and the AN/PDR-77 Radiac Sets. 
These thorium sources count at rate of  about 14,000 counts per minute (cpm) when counted with these radiac meters.  These sources contain less than 30 nanocurie of radioactive material; however, because these sources are made from radioactive material, they must be disposed of IAW AR 11-9 and TM 3-261.  Care should be taken while handling the check sources because the thorium-232 is exposed to allow alpha particle emissions and you can accidentally touch the radioactive material.
Thorium Fluoride
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Thermal systems lenses are made of  germanium which is not a radioactive material. Thermal optics use germanium instead of glass because germanium transmits infra red wavelengths (between 7 and 14 microns) like glass does visible light.  Also while Germanium behaves just like glass at these wavelengths, it  totally blocks visible light.  In general to make the lenses more efficient, a very thin coating material (typically magnesium-fluoride) is used on all the lenses to make the highly polished outer surface of the lens less reflective.  This is allows more of the desired light through the lenses and reduces ghost images by reducing reflections. 
 To enhance infra red transmission, therm
al optics possess a multi-layered anti-reflective coating that contain a radioactive thorium fluoride compound (thorium tetrafluoride).  This hard coating is covered with a protective layer of a non-radioactive compound, which prevents direct contact with the thorium surface.

Care should be taken in the handling of broken thermal viewer optical components to avoid inhalation and/or ingestion of any particles inadvertently chipped or scratched from the lens.  Prompt first aid should be given to anyone receiving a cut caused by broken and/or chipped thorium fluoride coated lenses.  Prompt cleansing of the wound to minimize entrance of thorium particles into the body is extremely important.  The RSO or Safety Officer  are to be notified at once if a thermal viewer lens is broken or damaged especially if someone is injured.  Wearing rubber gloves to handle lenses provides protection from contaminated dust from chipped or broken thermal optics.  Maintenance personnel will  wash their hands with mild soap and water after handling thermal lenses or windows.
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Thorium Nickel Alloy

Due to the low level of activity of thorium-nickel alloys, no NRC license is required for this item.  Its use is authorized by Army Radiation Authorization (ARA) 21-12-05 issued to TACOM.

Natural thorium oxide is evenly dispersed in the nickel thorium alloy used in the M1 Abrams' turbine engine combustor liner, NSN 2835‑01‑076‑6092.  Thorium-232 is used because thorium alloys can withstand a great amount of heat without physical damage.

The combustor is a non-repairable component.  The only maintenance function allowed on the combustor is to replace the combustor with a new one.  Unserviceable combustors must be disposed of IAW AR 11-9, and TM 3-261 or sent to an NRC licensed thorium rework facility.  Combustor liners separated from vehicle engines must be tagged or labeled with the words “RADIOACTIVE MATERIAL - TH 232”.
Surveys of the combustor indicate that the radiation exposure rates are extremely low (0.1 mrem/hr) on the outside surface and only slightly higher (0.4 mrem/hr ) on the inside surface.  No regular monitoring of the turbine engine combustor liner is required.  The Thorium-Nickel alloy presents no external radiation hazard when working with the combustor liner.

AMERICIUM-241
Americium-241 does not occur in nature.  It is a daughter product of the decay process of plutonium-241 having a half-life of 458 years and is primarily an alpha and gamma emitter.  The gamma radiation emitted by this isotope has a very low energy (60 keV), so an external dose is only possible when working with large amounts of Am-241 stored in one area and a person is in close contact with the material for a long time (most of the work day).

The alpha emission presents an internal radiation hazard if Americium-241 is ingested.  Americium-241 is chemically analogous to calcium and replaces calcium in the body, especially in bone material.  For this reason Americium-241 is often referred to as a “bone seeker”.  Once incorporated in the bone, the bone and surrounding tissue are constantly irradiated by alpha particles which can result in leukemia and malignancies.

Since Americium-241 is primarily an alpha radiation hazard, radiac meters such as the AN/PDR 77 with an alpha probe is required for detection and accurate assessment of Americium-241 contamination levels.  Personnel gamma dosimetry is not usually required unless personnel are in close contact with the material throughout most of the day.
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M43A1 Chemical Agent Detector
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This isotope is used as a sealed source in the M43A1 Chemical Agent Detector which is a component of the M8A1 alarm.  A component of the M43A1 is a cell module that contains a radioactive source of 250 (Ci of Americium-241.
The M43A1 Detector operates on the principle of molecular ion clustering.  An air sample is drawn over the Americium-241 source which causes clustering of water and air molecules.  The air sample is drawn through a sensor cell which is geometrically configured to allow passage of clusters which are below a critical mass.  Nerve agents cluster very rapidly whereas atmospheric agents do not.  The clustered molecules impact on a collector and an electrical signal is obtained when ever nerve agents are present.


The Americium source is located inside the cell module of the detector.  It consists of a foil disc made of 250 (Ci of Americium-241 oxide in a gold matrix contained between a gold-palladium alloy face and a silver backing.  The disc is affixed onto a metal screen which is secured by a retaining ring within the sensor housing.  This source is considered a “special form” source because the
 Americium-241 source has passed rigorous environmental and accident situations without damage or leakage and is expected to remain intact throughout its life cycle.  
Small amounts of radioactive contamination have been found leaking out of some M43A1 Chemical Agent Detectors.  Constant bombardment by the alpha particles emitted from the Americium-241 has caused the gold-palladium cover in some of the detector modules to deteriorate.  This deterioration is in the form of small cracks similar to “heat checking”.  In the most severe cases these cracks may penetrate the cover allowing moisture from the air to contact the Americium oxide causing it to plate out onto the outer surface of the cover.  Continued use of the device will cause this contamination to migrate through the air path.  The contamination is found in the form of a powder in the plastic tubing between the pump module and the cell module.  Owners and maintenance personnel of this equipment have been alerted to take the following actions:

 [1] Ensure all users are reminded that the use of the an outlet filter is mandatory when the M43A1 is used indoors.

 [2] Ensure strict adherence to the procedures in the technical manuals regarding wearing gloves, use of Kraft paper on work benches, and monitoring the area with an alpha meter when maintenance is being performed.
[3]  If you see any powder in the pump tubing immediately place the device in a
  double bags, seal and store.  DO NOT PERFORM ANY MAINTENANCE ON THE DEVICE.  Contact your installation RSO for further instructions.
Density and Moisture Tester

Campbell Pacific Model MC-1
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A 50 mCi neutron source is created by mixing 50 mCi of Americium-241 and Beryllium.  This source is located within the base of the MC-1.  (NOTE:  This is about 200 times more Americium-241 than is used in the M43A1 Chemical Agent Detector).  Neutron emission occurs when an alpha particle emitter such as Americium-241 is mixed with Beryllium (Be) powder in a tightly compressed pellet.  The alpha particles strike the Beryllium atoms to produce “fast” neutrons with an average energy of 5 MeV.  Neutrons are uncharged particles emitted from the beryllium nucleus.
Typical neutron detectors “see” only slow, or “thermal” neutrons.  Therefore, the fast neutrons must be slowed down or they will not be detected by the neutron detector.  Neutrons slow down by colliding with other atomic particles, particularly hydrogen.  Collision of fast neutrons with the nuclei of large atoms results in rebounding of the neutrons with little loss of energy.  Collision with the orbiting electrons (approximately 1/1840th the weight of a neutron) produces little loss of energy.

A simple analogy would be that of a billiard ball colliding with a bowling ball.  The billiard ball would bounce off with little change in energy (however the direction of the billiard ball would probably change drastically).  When a billiard ball goes crashing through a bunch of BBs, the BBs will fly off in all directions but the billiard ball would continue in much the same direction with nearly all of its original energy.


The only atom which can markedly slow down a fast neutron, and which would likely be found in soil, is hydrogen in the soil moisture.  The hydrogen atom consists of one proton (about the same mass as a neutron) and one electron.  When the fast neutron collides with a hydrogen atom it is much the same as when a billiard ball hits another billiard ball.  One slows down a lot, the other starts moving (or speeds up), and they both change direction.  The only form of hydrogen normally found in a typical construction sight is water (H2O).  So if we “pump” in fast neutrons and “read” the amount of slow ones that result, we can determine the amount of moisture in the soil.
See Cesium-137 for the gamma hazards associated with the MC-1.
NICKEL-63
Nickel-63 is a beta emitter, has a half-life of 96 years, has a short decay chain, and emitts no gamma radiation.
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The beta energy  of Nickel-63 is too low to allow penetration the dead layer of skin, so Nickel-63 is hazardous only if taken into the body.  Efforts should be taken to prevent ingestion, inhalation, or absorption through broken skin.
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The Chemical Agent Monitor (CAM) uses this isotope.  The nickel-63 is used to ionize air molecules as they pass through the detector.  The drift tube module consists of 10 millicuries of 63Ni plated on a brass foil cylinder inside a Teflon housing that is installed in a larger aluminum alloy cylinder. 
The CAM is used by ground forces and responds to nerve and blister agent vapor down to the lowest concentrations that could affect personnel over a short period of time.



PROMETHIUM-147
Promethium-147 has a half life of 2.64 years and is a beta emitter used in luminous paints.
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The only weapon system that uses this element is the M72 series, 66mm, Light Antitank Weapon (LAW).  For 20 years the LAW was manufactured with 147Pm located in two spots--the 100 and 150 range markers on the front sight. In the early 80’s the “E” version of the LAW changed the sight to an adjustable sight similar to a rifle sight there by eliminating the need for 147Pm.  However, the older models, M72, M72A1, and M72A2 still remain in use for training purposes and can be found in storage magazines. Front sights of M72, M72A1, and M72A2s are to be broken off and turned into the RSO after the LAW is fired.  The RSO will dispose of the front sights in accordance with AR 11-9 and TB-3-261.
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M16A1 Rifle Front Sight Post

No longer in use.
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RADIUM-226
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Though primarily an alpha emitter 226Ra also emits some beta and gamma radiation.

Radium-226 was used on the faces and pointers of dials and gauges of instrument panels in tactical and combat vehicles.  These items are no longer in DoD storage depots and have not been procured since 1969.  Non-radioactive replacements are available in the supply system for all of the radioactive items.
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According to Army Radiation Authorization (ARA) A21‑12‑04 and TB 43-0216 all fielded TACOM managed vehicles containing radioactive dials and gauges will have the instrument panel labeled “CAUTION RADIOACTIVE.  THE GAUGES IN THIS VEHICLE MAY CONTAIN RADIUM-226.  REMOVE RADIOACTIVE GAUGES PRIOR TO EXCESS OR DISPOSAL OF THIS VEHICLE IAW AR 11-9, and TM 3-261.  REFER TO TB43-0216 FOR ADDITIONAL GUIDANCE.”  Information from the TACOM Safety office indicates that as of September 1994 these vehicles have not yet been labeled.  The gauges and dials themselves are not marked or labeled in any way that would indicate that they are radioactive.

Radium dials and gauges are not to be sold to the public.  Users are required to remove dials and gauges containing radium from the vehicles when the dials/gauges are defective, when the vehicles are used for other than its intended purpose and prior to turning the vehicles into property disposal offices.  Radioactive dials and gauges must be removed as complete units and under no circumstances are any of the radioactive dials/gauges to be taken apart for disposal or repair.

If you are not sure, check the dials and gages with a radiac meter, or have them checked by the RSO.  This is the way to tell for sure if a gauge or dial might contain radium or some other gamma emitter.  Remember fielded radiac meters cannot detect tritium.
Cesium-137
Density and Moisture Tester

Campbell Pacific Model MC-1

The MC-1 has a 10 mCi cesium-137 source located in a probe tip used to determine the density of the soil at a construction site.  This source is classified as a “special form” source and is double-encapsulated in stainless steel.  Cesium-137 emits a negative beta particle (which is vertually totally shielded by the stainless steel) and becomes barium-137 which in turn decays by emitting x-rays of a single energy level of 0.662 MeV.  This fixed spectrum emission requires less shielding and is ideal for soil density determination purposes.

The density of soil is measured by backscatter or transmission.

BACKSCATTER is the technique of placing the source on the surface of a flat material.  This technique measures only the top 2 inches of soil and is very sensitive to surface roughness or quality of site preparation.


TRANSMISSION is the technique of pre-drilling a small hole in the ground and then inserting the radioactive source in the ground via the movable source rod.  This permits measurement to specific depths to 12 inches and is not sensitive to surface roughness.  It is very accurate and is the preferred method of density measurement for soils.

Radiation detectors in the MC-1 measure the amount of radiation that penetrates the soil.  Dense soil will block more of the radiation than lighter soil.  The measurement taken by the detector is displayed electronically as an indication of the soil density.

TACOM is the NRC license holder for the MC-1 and is responsible for item management.  Problems occur when field units fail to properly handle, transport, or store the device.
See Americium-241 for neutron hazard associated with using MC-1s.
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