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1. Summary of research plans for the next vear of support

There has been no change in the objectives, specific aims, and ex-
perimental design and methods from those originally proposed.

2., Studies performed

While the emphasis in the first year was on the determination
of the general mechanism of mercury dissolution, in the second year the
program has been focused on the development and application of appro-
priate methods for the determination of the kinetics of mercury disso-
lution. The experimental approach has been to determine the changes in
the mercury concentration in a fixed volume of the solution to which
the specimens were exposed. The determination was performed by Atomic
Absorption Spectrophotometry (AAS) using a cold-vapor techniques. The
concentration changes were analyzed theoretically and experimentally,
taking into account the fact that the rate of dissolution changes with
time, and that the rate also is a function of the concentration of mer-
cury in the solution. The objectives were accomplished by making se-
quential exposures into fresh volumes of the solution with little time
between exposures and without exposing the specimens to air or other
electrolytes between the exposures. The concentration data were pro-
cessed using a nonlinear regression based on a theoretical model; the
effect of mercury concentration was theoretically derived, while the
change of the dissolution rate with time was modeled using the experi-
mental data. The results of this procedure are the rate constants
which then can be used to evaluate the effects of any variable.

The methodology was applied in a study of the effect of the
composition of the gamma-1 phase of dental amalgam on the kinetics of
mercury dissolution. Two sets of specimens were prepared, one set con-
taining only Hg and Ag in different proportions within the range possi-
ble in dental amalgam (68 to 71.5 w.% Hg); specimens of the other set
contained a fixed amount of Hg (68 w.%) and varying amounts of Sn
within the range reported for dental amalgam (up to 1.5 w.% Sn). The
specimens were exposed to synthetic saliva at 37°C in a special cell
designed for the sequential exposures. The results show that the Hg/Ag
ratio had little influence on the Hg dissolution rate, except for a
sharp increase in the rate when the phase boundary with Hg was ap-
proached. The effect of tin was substantial; increasing the percentage
of tin decreased the dissolution rate and also decreased the time con-
stant for the dissolution rate change, so that the rate dropped more
sharply. The effects were attributed to the formation of a tin oxide
surface film which slows down the dissolution of mercury. The results
explain the sharp increases in mercury release after chewing; the abra-
sion involved destroys the tin oxide film which is then reformed.

The results also confirmed that tin must be dissolved in the gamma-1
phase rather than present in tin-rich precipitates.
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Another part of the study concerns the form in which mercury en-
ters the solution, ionic or atomic (nonionized), and the relative quan-
tities if both forms participate. The form is very important for the
effect of the electrode potential, and therefore for the effects of
galvanic and other corrosion cells. To determine the form of dissolv-
ing mercury a special cell system was designed which allows the solu-
tion to be analyzed by AAS either for atomic mercury only, or for total
mercury. The amount of ionic mercury is then determined as the differ-
ence between the two data. This study is now in progress; the first
results have indicated that at lower electrode potentials most of the
dissolving mercury is in the atomic form, and that the amount of ionic
mercury increases with the potential.

The methodology developed to date will be applied in the
third year to evaluate the effects of different corrosion cells, tem-
perature, and abrasion.

3. Human subijects

Not applicable - no human subjects involved.

4. Vertebrate animals

Not applicable - no vertebrate animals involved.

5. Publications

M. Marek: "Mercury Dissolution from the Gamma-1 Phase of Dental Amal-
gam." IADR/DMG Microfilm, 66th General Session of the International
Association for Dental Research, March 9-13, 1988, Montreal, PQ,
Canada.
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