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Dissolution of Mercury from Dental Amalgams 

08/01/90 07/31/91 

(SEE INSTRUCTIONS) 

1. SUMMARY OF PLANS FOR THE NEXT YEAR OF SUPPORT 

Objectives: The long-range goal of the program is an understanding of 
the process of release of mercury from dental amalgam restorations, and 
finding ways to minimize the amounts released (No change). 

Specific Aims  

1. To determine the kinetics of repassivation of dental amalgam (Task 4 
of the original proposal) 

2. To determine the kinetics of dissolved mercury oxidation in the 
solution as a function of the solution chemistry (new Task) 

3. To design the experimental setup for the study of mercury 
dissolution evaporation from a bare amalgam surface (Part of Task 3 of 
the original proposal). 

The experimental design for Specific Aim #1 will include both 
mechanical and electrochemical depassivation of the amalgam surface; 
the kinetics of repassivation will be measured, using a potentiostat 
and a fast oscilloscope, to determine the repassivation constant as a 
function of temperature, pH, and solution chemistry. The kinetics of 
dissolved mercury oxidation (Specific Aim #2) will be studied in a 
special cell in which mercury vapor will be carried in a stream of a 
gas mixture through solutions of various chemistry. The mercury vapor 
concentration in the outlet gas stream will be measured, using Atomic 
Absorption Spectrophotometry. The rate of oxidation in the solution 
will be determined from the difference between the inlet and - outlet 
mercury concentrations. It will be examined as a function of the 
oxidation power of the solution. Specific Aim #3 will involve the 
design and construction of a special cell for measurement of mercury 
dissolution and evaporation under abrasion, simulating the abrasion in 
the oral cavity. Preliminary data will be obtained. 

2. STUDIES PERFORMED DURING THE CURRENT BUDGET YEAR 

The studies performed followed the plan of Task 2 of the proposed 
program, i.e., " A Study of Dissolution/Evaporation in the Presence of 
a Film of Liquid on the Amalgam Surface." These tests simulated the 
mercury release from a dental amalgam restoration under rest 
conditions, i.e., without abrasion of the surface. The tests were 
performed as a function of the material, temperature, and pH. 

A special cell was built, in which an amalgam specimen, covered 
with a layer of synthetic saliva, was exposed to a stream of humid air 
at a constant flow rate of 160 mL/min. The air stream passed through 
the cell containing the specimen and into a liquid trap, filled with a 
potassium permanganate solution, in which the mercury vapor, released 
from the specimen, was oxidized and dissolved. After a period of 
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exposure both the trap liquid and the liquid on the amalgam surface 
were analyzed for mercury by Atomic Absorption Spectrophotometry. 

The basic series of tests (temperature 37 °C, pH 6.8, liquid layer 
thickness 0.2 mm) was performed using the following materials: gamma-1 
phase without tin (Ag-Hg); Gamma-1 phase, 1% Sn (Ag-Hg-Sn); high 
copper, single alloy composition dental amalgam (Tytin); high-copper, 
admixed dental amalgam (Dispersalloy); very-high copper, spherical 
dental amalgam (Sybralloy); low-copper dental amalgam (Velvalloy). The 
effect of pH was examined at 37°C for Gamma-1, Gamma-1(+Sn), and Tytin 
for pH values 4.5, 5.5, and 7.5. The tests of the effect of 
temperature are in progress at temperatures of 25 °C, 45°C, and 55°C. 

The basic series of tests (37 °C, pH 6.8, 0.2 mm of liquid) showed 
total mercury release at a mean rate of 1.6 ug/cm2  for Gamma-1 (0% Sn), 
0.15 ug/cm 2  for Gamma-1 (1% Sn), 0.02 ug/cm 2  for Tytin, 0.02 ug/cm 2  for 
Dispersalloy, and 0.04 ug/cm 2  for Sybralloy. The mercury concentration 
in the liquid was proportional to the total mercury release. There was 
no statistically significant difference in the release rate for the pH 
values examined (pH 4.5 to 7.5). The initial results of the effect of 
temperature show the release rate increasing substantially with 
temperature. 

The results to date show that there is a measurable, but small 
rate of release of mercury from dental amalgam under rest conditions. 
The relative results for the matrix phase of dental amalgam (Gamma-1) 
with and without tin confirm the importance of the tin oxide film in 
reducing substantially the mercury release. The results for the matrix 
phase without tin (Ag-Hg) may be indicative of the release from a bare 
amalgam surface following abrasion, since abrasion removes the 
protective oxide film. Future tests under conditions of abrasion will 
determine if abrasion further accelerates the mercury release by the 
mechanical disturbance of the substrate below the film. The difference 
between the results for the synthetically prepared matrix phase (Gamma-
1 (1% Sn) and commercial dental amalgams indicate that in dental 
amalgams other alloying elements enhance the protective qualities of 
the surface films. 

The results also showed the importance of the oxidizing processes 
within the liquid, which determine the proportion between the mercury 
oxidized and remaining dissolved, and mercury released into the vapor 
phase. Therefore, an additional study of the oxidation of mercury in 
the liquid was added as Specific Aim #2 for the next year of support. 

3. HUMAN SUBJECTS 

None 

4. VERTEBRATE ANIMALS 

None 

5. PUBLICATIONS 

M. Marek: The Release of Mercury from Dental Amalgam: The Mechanism and 
in vitro Testing. J. Dent. Res. 69:1167-1174 (1990). 

M. Marek: The Effect of Tin on the Corrosion Behavior of the Ag-Hg 
Phase of Dental Amalgam and Dissolution of Mercury. J. Dent. Res. 
69:1786-1190 (1990). 
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