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3. CHEMICAL AND PHYSICAL INFORMATIONS
 

3.1 CHEMICAL IDENTITY
 

Data pertaining to the chemical identity (that is, the common terms or
 
smbols used for the identification of the element) of thorium are listed in
 
Table 3-1.
 

3.2 PHYSICAL AND CHEMICAL PROPERTIES
 

The physical and chemical properties of elemental thorium and a few
 
rpresentative water soluble and insoluble thorium componds are presented
 
in Table 3-2. Water soluble thorium compounds include the chloride,
 
fluoride, nitrate, and sulfate salts (Weast 1983). These compounds dissolve
 
fairly readily in water. Soluble thorium compounds, as a class, have
 
greater bioavailability than the insoluble thorium compounds. Water
 
Insoluble thorium compounds include the dioxide, carbonate, hydroxide,
 
oxalate, and phosphate salts. Thorium carbonate is soluble in concentrated
 
sodium carbonate (West 1983). Thorium metal and several of its compounds
 
are commercially available. No general specifications for commercially
 
prepared thorium metal or compounds have been established. Manufactures
 
prepare thorium products according to contractual specifications (Hedrick
 
1985)
 

Thorium is a metallic element of the actinide series. It exists in
 
several isotopic forms. The isotope thorium-232 is a naturally occuring
 
element that is radioactive. Ti decays through the emission of a series of
 
alpha and beta particles, gamma radiation, and the formation of daughter
 
products, finally yielding the stable isotope of lead, lead-208. The decay
 
series of thorium-232, together with that of uranium-238 and uranium-235,
 
are shown in Figure 3-1. It can be seen from Figure 3-1 that the isotopes
 
thorium-234 and thorium-230 are produced during the decay of naturally
 
occuring uranium-238, the isotope thorium-228 diring the decay of thorium-232,
 
and the isotopes thorium-231 and thorium-227 during the decay of
 
naturally occuring uranium-235. Of these naturally produced isotopes of
 
thorium, only thorium-232, thorium-230, and thorium-228 have long enough
 
half-lives to be environmentally significant. More than 99.99% of natural
 
thorium is thorium-232; the rest is thorium-230 and thorium-228.
 

Including artifically produced isotopes, there are 12 isotopes of
 
Thorium with atomic masses ranging from 223 to 234. All are radioactive and
 
Decay with the emission of alpha or beta particles and/or gamma radiation
 
(West 1983). The percent occurrence and the energies of the major alpha
 
and beta particles emitted by these isotopes are shown in Table 3-3. In
 
general, the alpha particles are more intensely ionizing and less penetrating
 
than the beta particles. The gamma radiation is the most
 
penetrating of the three, but it has the least ionizing intensity. Alpha
 
particles do not penetrate external skin to a sufficient depth to produce
 
biological damage due to the protective effect of the epidermis. However,
 
alpha particles emitted from thorium deposited in the lung are able to
 
penetrate lung tissue and produce adverse biological damage since the
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protective coating of the lung tissue is very thin. In turn, beta
 
particles are able to penetrate the skin to a sufficient depth to cause
 
biological effects in the skin just below the epidermis. Likewise, they
 
penetrate lung tissues to a greater depth. Gamma rays can generally pass
 
through all tissue and interact with tissue at any depth.
 

Alpha particles give up all of their energy in a very short distance
 
and, hence, produce ionization. Beta particles produce less dense
 
ionization, and gamma rays produce less yet. In general, the severity of
 
biological effects of exposures to ionizing radiations is proportional to
 
the density of the ionization produced by their passage through tissue.
 

Finely divided thorium metal is pyrophoric in air, and thorium ribbon
 
burns in air to give the oxide. The metal also reacts vigorously with
 
hydrogen, nitrogen, the halogens, and sulfur. Thorium compounds are stable
 
in +4 oxidation state (Katzin 1983). Details of thorium chemistry are given
 
by Katzin (1983).
 




