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Miroslav I. Marek Professor School 

Eva Topfl Research Technician 
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School 
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AND ORGANIZATION 

of Materials 
Georgia Tech 
of Materials 
Georgia Tech 

Give a brief summary of plans for the next year of support, including the objectives and specific aims as well as the methodology to be used to achieve 
these aims. DO NOT EXCEED THE SPACE PROVIDED. 

The objective of the research project is to identify factors that 
control the release of mercury from dental amalgam, and to determine the 
quantitative relationships between the variables and the mercury release 
rate. In this project period the research will have the following 
specific aims: 

1. To develop the procedure for the determination of the fundamental 
rate constants for mercury dissolution, and to determine these constants 
for mercury dissolution from the silver-mercury phase as a function of 
the phase composition. 

2. To determine the effect of the electrode potential on mercury 
dissolution, and determine the reactions between ionized and nonionized 
mercury forms. 

3. To examine simultaneous dissolution/evaporation and determine which 
process is rate controlling under conditions relevant to those in the 
oral cavity. 

Samples of the silver-mercury phase will be exposed to •synthetic saliva 
at body temperature. The total dissolved mercury will be determined by 
cold-vapor atomic absorption spectrophotometry. The ionized forms of 
mercury will be detected by electrochemical techniques. The effect of 
the electrode potential on the rate of mercury dissolution will be 
determined. Mercury evaporation will be monitored using a gold-foil 
mercury detector. • 

VERTEBRATE ANIMALS INVOLVED 61 NO 0 YES If ''YES," identify by common names and underline primates. 
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E. Euvrard: Dissolution and Evaporation of Mercury from Aqueous 
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REPORT  

General Scientific Goals  

The goals remain the same, i.e., to identify factors that control the 
release of mercury from dental amalgam,and to determine the quantita- 
tive relationship between'the variables and the mercury release rate. 

Studies Performed  

In the first program year the main emphasis was on the determination 
of the mechanism of the mercury release relevant to oral conditions. 
Mercury can evaporate or•dissolve, dissolution being possible in ei-
ther ionized or non-ionized forms. A series of experiments was per-
formed to examine these fundamental questions. 

In the dissolution experiments, the release of mercury from the sil-
ver-mercury phase (major Hg-containing phase in dental amalgam) into 
synthetic saliva was measured as a function of time of exposure, using 
Atomic Absorption Spectrophotometry (AAS) as analytical technique. 
The rate of dissolution appeared to decrease with time, as reported by 
other researchers. In more detailed tests it whs found, however, that 
the major factor in the decrease was the increase in the mercury con-
tent in the test container. Since the solubility 4imit for mercury in 
aqueous media is low, even low concentrations of dissolved mercury 
severely slowed down the further release. Tests with different test 
volumes and liquids in which the solubility of mercury was different 
confirmed the importance of the concentration, which has been ne-
glected in previously published reports. This finding opens the way 
to the determination of the fundamental release rate constants, which 
will be the focal point of measurements in the next program period. 

In the first set of evaporation tests the loss of mercury from a solu-
tion in synthetic saliva was measured by analyzing the solution by AAS 
as a function of time without dissolving more mercury. It was found 
that mercury evaporated at a high rate when reduced to the nonionized 
form, the rate being a function of the remaining concentration of non-
ionized mercury. When mercury was in the ionized form the evaporation 
was slow and apparently controlled by the rate of the disproportiona- 
tion reaction which results in the formation of non-ionized mercury. 
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DISSOLUTION OF MERCURY FROM DENTAL AMALGAMS 

These results will focus the attention in the next program period on 
the -rate of the disproportionation reaction which may, in some cases, 
control the rate of evaporation 

In the second set of evaporation tests mercury was dissolved in deoxy-
genated water of various purity, and the loss from the solution was 
analyzed by AAS as a function of time. It was found that the water 
quality had a substantial effect on the evaporation rate variation 
with time. By using sterilized and nonsterilized water as well as 
bacteriocidal agents the differences were found to be due to the pres-
ence of bacteria in some of the media, the bacteria apparently trans-
forming mercury ions into the volatile mercury forms. 

The analysis of the results obtained in the first program years shows 
that the major form of release of mercury, from dental amalgam under 
oral conditions is mercury dissolution into the oral liquid followed 
by evaporation into the oral atmosphere. The presence of oral bacte-
ria may accelerate the evaporation process. To measure the release 
rate it is necessary to take into account the strong effect of mercury 
concentration on the rate of dissolution. The determination of funda-
mental rate constants will make possible to compare the release rates 
from different materials. The results to date point to the solid-liq-
uid interface reactions as being most likely rate controlling. The 
evaporation and disproportionation, however, cannot be discounted; the 
results to date show the rates to be lower that the rate of the inter-
face reaction, but on the same order of magnitude. 

While all objectives for the first year have been met, it was found 
that the lack of facilities for simultaneous measurement of dissolu-
tion and evaporation impeded the work. This will be corrected by the 
acquisition of the mercury vapor analyzer. 

Objectives for the coming year  

1. To develop the procedure for the determination of the fundamental 
rate constants for mercury dissolution, and to determine these con-
stants for mercury dissolution from the silver-mercury phase as a 
function of the phase composition. 

2. To determine the effect of the electrode potential on mercury dis-
solution, and determine the reactions between ionized and nonionized 
mercury forms. 

3. To examine simultaneous dissolution/evaporation and determine 
which process is rate controlling under conditions relevant to those 
in the oral cavity. 
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