
Mercury release from a Sn-Cu-Zn free amalgam

Abstract - The mercury controversy related to dental
amalgam is still continuing. In Malaysia, part of, this
controversy has been attributed to a recently - introduced
dental amalgam claimed to be non-mercury releasing and
causing no mercury toxicity. The purpose of this study
was to investigate whether this amalgam, Composil, was
indeed non-mercury releasing. Six specimens each of
Composil and a control (GS-80) were incubated at 3TC in
deionised-distilled water. The daily mercury release was
determined over a four-week study period using the sta-
tionary cold-vapour atomic absorption spectrometric method.
The mean mercury release of Composil was 30.9 Ilg/cm2/

24hr whilst that of GS-80 was 0.9 Ilg/cm2124hr and the
difference was found to be highly significant (P < 0.00l).
Results of this study therefore did not substantiate the
manufacturer's claim. The release of mercury from amal-
gam restorations and their implications in clinical prac-
tice were also discussed.

Introduction

Recently, a tin, copper and zinc free amalgam alloy
comprising of only silver and mercury was introduced to
the dental profession in Malaysia. Amongst the list of
claimed superior physical and mechanical properties was
the claim that it gave 'no mercury toxicity' as it was a
non-mercury releasing material. The manufacturer attrib-
uted this to the 'highly reactive silver' which would
instantly 'freeze mercury' thereby resulting in an amalgam
that did not contain any unreacted free mercury. It was
even claimed that burnishing could be carried out without
fear of sur facing out any mercury.

A non-mercury releasing amalgam will have significant
implications for the dental profession as dental amalgams are
still popularly and widely used for the restoration of posterior
teeth. More recently, there has again been increased profe-
ssional and public concern over mercury relea<;e from ~unal-
gams (1) because of tlle long recognised toxic potential of
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mercury. However, tlle biological significance of release of
mercury from amalgam restorations is unknown except for
some local hypersensitivity and allergic reactions (2). What-
ever the toxicity and toxic potential, it would therefore be
desirable for the amalgam restoration to possess low mercury
release ~md it is certainly a great advantage if the amalgam is
indeed non-mercury releasing.

The purpose of this study was to investigate whether
this new amalgam material was non-mercury releasing by
in vitro determination of the level of any released mercury
into deionised-distilled water.

Materials and Methods

The test amalgam material was marketed as Composil
(Dencare Products M'sia Sdn. Bhd., Petaling Jaya, Ma-
laysia). Another commercially available amalgam mate-
rial, GS-80 (Southern Dental Industries Ltd., Bayswater,
Australia), was used as the control. Composil, as stated in



the manufacturer's literature, was a blended composition
of a highly reactive silver of very fine micron sized
particles. The GS-80 was an admix alloy of a high copper
non gamma 2 spherical alloy and a medium copper fine
grain lathe-cut alloy containing 40% silver, 31.2% tin,
28.6% copper and 0.2% zinc.

The amalgam specimens were prepared from capsules
according to the manufacturers' instructions by mechani-
cally triturating in a Silamat amalgamator (Vivadent,
Schaan/Fl, Liechtenstein). Composil was triturated for 5
secs. whilst the mixing time for GS-80 was 8 secs. The
mixed amalgam was packed into a highly-polished stain-
less steel split die firmly placed on a clean glass slab. The
die had internal dimensions measuring 8 mm in length and
4 mm in diameter producing a calculated surface area of
1.25 cm2 in each cylindrical specimen. To ensure stand-
ardisation across specimens, condensation was carried
out using the Piezon Master 404 (Electro Medical Sys-
tems SA, Le Sentier, Switzerland) rather than manually.
The die was packed to excess which was then removed
with a sharp scalpel. Six specimens were prepared from
each amalgam material.

The amalgam specimens were allowed to set for the
recommended time and then washed with 10 mL of
deionised-distilled (dd.) water with moderate agitation
for 1 minute. Each specimen was then transferred to a
capped 15-mL Teflon vial (Cole Palmer, USA) followed
by addition of 10 mL of dd. water. The specimens in the
vials were incubated in an incubator oven at 3TC for 24
hours. At the end of the incubation, the specimen was
removed and 1 mL of 0.15% w/v potassium dichromate
(K2C r207) in 8M HN03 was,added in each vial to stabilize
the mercury. The solution was transferred to a clean glass
vial and normally analysed on the same day. The Teflon
vials were then cleaned with dichromate-nitric acid and
distilled water before being reused for the next incuba-
tion. Six determinations of 24-hour mercury release were
done for each specimen per week over a four-week pe-
riod.

A stationary cold-vapour atomic absorption method (3)
using a set of four pre-calibrated 4-cm rectangular silica
cells (Spectrasil, Thermal Syndicate Limited, England)
was employed for the mercury determination. The method
is based on the principle of equilibrium partitioning of
mercury reduced by the use of stannous chloride between
the aqueous and gas phases in the stoppered silica cell.
Direct atomic absorption measurement using an atomic
absorption spectrophotometer (Model-2380, Perkin-Elmer,
U.S .A.) was taken by allowing the mercury resonant light
beam to pass through the vapour phase of the system
while non-atomic absorption was corrected using an auto-
matic background corrector. A mercury hollow cathode
with a lamp current of 3mA, band width of 0.75 nm and
wavelength of 253.7 nm was used.
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Analytical reagent grade chemicals and dd. water were
used for the preparation of solutions. The stock mercury
solution (1000 Ilg/L) was prepared by dissolving 1.354 g
mercury (II) chloride in 50 mL of concentrated hydro-
chloric acid and then diluting to 1 L. The working stand-
ard of 0.500 ug/mL was prepared weekly by appropriate
dilution from this solution with 0.8 M HN03-O.015%
K2Cr207 so lution. The reductant consisted of 10% (w/v)
SnCI2, and 5% (w/v) NaCI in 2M H2S04,

To obtain the calibration graphs, 2.50 mL of 4M H2S04
were pipetted into the cell followed by addition of appro-
priate volumes (20 to 200 ilL) of the working standard Hg
(II) corresponding to the amounts of 10 ng to 100 ng Hg in
the cells. Dd. water was added to make up a total volume
of 5.00 mL. This was followed by the addition of 0.30 mL
of 10% hydroxylamine sulphate [(NHPH)2.H2S04]' mixed
briefly to destroy the oxidant present and finally 0.30 mL
of the SnCl2 reductant was introduced. The cell was
tightly stoppered and all four cells were shaken together
at uniform speed for 2 min. The cell was placed in the
holder fixed to the atomic absorption spectrophotometer
and steady state readings were obtained after 2 min
standing. Determinations of mercury release in the incu-
bated samples followed the same procedures as described
above using 20llL of the Composil and 1.00 mL of the
GS-80 sample solutions. These volumes were predeter-
mined so as to obtain the optimum mercury atomic ab-
sorption signal in the sample cells.

In lorder to check for possible mercury contamination
in the experimental process, two blank controls contain-
ing 9n1y 10 mL dd. water were subjected to identical
treatment starting from the initial incubation stage.

Results

The weekly and overall mean mercury release of Composil
and GS-80, expressed as Ilg/cm2124hr, is presented in the
Table. The daily average mercury release of the six
Composil and six GS-80 specimens was first determined.
From these, the weekly and overall mean of both amal-
gams were derived. The inter-weekly differences for
Composil and GS-80 respectively were found to be not
significant at the 95% confidence level by use of the
Student's t test. However, the difference in the amount of
mercury released by Composil (30.90llg/cm2/24hr) and
GS-80 (0.90 Ilg/cm2/24hr) during the entire 4-week pe-
riod was found to be highly significant (p<O.OOI).

Discussion

The stationary cold-vapour method for determination of
mercury is basically simpler in operation than many other
techniques for rapid mercury determination although si-
multaneous background correction is essential. The tech-



TABLE
Weekly and overall mean mercury release over a four-week

study period
(standard deviation in parentheses)

Mean Mercury Release
Ilg/ cm 2/24hr

Period

Week 1
Week 2
Week 3
Week 4

Overall

Composil GS-80
n=6 n=6

29.16 (14.97) 1.89 (1.40)
34.68 (2.69) 0.57 (0.18)
32.95 (5.13 ) 0.50 (0.23)
27.16 (3.38) 0.58 (0.25)

30.90 (9.04) 0.90 (0.97)

nique, possessing a sensitivity of 0.0253 ppb'l and a
detection limit of 0.02 ppb or 0.1 ng, compares favourably
even with the best detection limits for other reported
transient cold-vapour absorption methods(3). The use of
Teflon vials and the addition of HN03 and K2Crp7 ensure
very good recovery of released mercury for determina-
tion.

The mercury determination was carried out in an envi-
ronment free from mercury contamination. In order to
check any possible contamination, two blank controls
containing only 10 mL dd. water but without any amal-
gam specimens were included in the investigation. No
significant contamination was detected in these two con-
trols during the entire four-week study period.

The test amalgam material, Composil, was claimed to
have no mercury toxicity because a solid-solution was
supposedly formed between the highly reactive silver and
mercury resulting in a hardened Composil restoration that
contained no unreacted free mercury. However, the re-
sults of this investigation showed that the mean overall
mercury release from Composil at 30.9 Ilg!cm2/24 hr was
more than 30 times higher than the control GS-80 material
,with a release of 0.9 ug/cm2/24 hr (P<O.OOI). Therefore,
this study did not substantiate the manufacturer's claim
that Composil was non-mercury releasing. In fact, it
confirmed the release of high amounts of mercury as
reported in other recent studies (4,5).

The daily intake of mercury in its various chemical
forms from food and drink is assumed to be around 20
Ilg(6). According to the results of this in vitro investiga-
tion, the estimated daily release of mercury from a multi-
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surface Composil restoration, at least during the study
period, would potentially be equivalent to or even exceed
the daily food and drink intake amount. However, it is
possible that the result may be different in a complex in
vivo situation. Nonetheless,! it is imperative from the
results to exercise due care when using biomaterials for
the safety of patients.

The release of mercury from dental amalgam is re-
ported to be highest during clinical procedures when
liquid mercury is still present; viz, during trituration,
condensation and immediate finishing of amalgam resto-
rations (7). Although mercury is consumed when the
amalgam solidifies with formation of new phases, it does
not prevent the release of mercury even though the
amalgam restoration is deemed to be set. Conseq uently,
various workers such as Savre (8) and Abraham et al (9)
reported significant increase in mercury vapour in per-
sons with amalgam restorations than those without, a
significant increase in mercury after chewing in mouths
with amalgams and a significant increase in blood mer-
cury concentration in persons with dental amalgams.
These workers also found that the blood mercury concen-
tration was positively correlated to the number as well as
surface area of the amalgam restorations. In normal
circumstances, it is most unlikely for mercury released
from amalgam restorations in dental patients to cause
acute poisoning; the signs of which include coughing,
breathlessness, chest pain, cyanosis and tremor (10). It is
generally agreed, however, that the biological signifi-
cance on patients of mercury release from amalgam
restorations is unknown except for some allergic and



local hypersensitivity reactions (2,11-14). Various claims
of other general symptoms of toxicity such as weakness of
concentration, dizziness, nausea, tiredness and headaches
may have origins other than mercury toxicity(15).

Currently, amalgam restorations which totally do not
release mercury are non-existent. Fortunately, the major-
ity of commercially available dental amalgams release
only minute quantities of mercury. Except for the rare
individual, there is little evidence to justify the claim that
this minute amount of mercury released from amalgam
restorations has an adverse or toxic effect on the majority
of dental patients. Indeed, the side-effects related to
dental amalgams are found to be so infrequent that one
case per million has been presumed(16). However, it is
important to be aware of the potential effects as mercury
has been shown not only to accumulate in dental tissues
(17,18) but also in various organs of the body (19,20).
The mere presence of mercury in a tissue does not actu-
ally imply that a toxic effect will occur as both the dose
and local concentration have to be considered(21). It is
only in those hypersensitive patients that the immunotoxic
effect is possibly not dose-related with the consequential
manifestation of an allergic or hypersensitivity reaction.

In general therefore, and unless proven otherwise,
dental amalgam is still a safe and reliable filling material
in the majority of patients. However, it is important when
intending to use amalgam materials to select one, which
amongst other desirable properties, is low mercury releas-
ing. And coupled with judicious and competent manage-
ment of mercury, it is possible to further reduce the
frequency of mercury toxicity in clinical practice. Con-
sidering the high release of mercury in comparison to
another commercially available amalgam material, as
shown in this investigation, it is prudent therefore to
avoid the use of Composil clinically.
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