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Abstract – The effect of Copalite coating on mercury release from
dental amalgam following treatment with 10%, 20%, 30% and 40%
carbamide peroxide was assessed in vitro, using a cold-vapour
atomic absorption Mercury Analyzer System. Eighty samples of den-
tal amalgam were automatically mixed in a dental amalgamator
and condensed into silicon embedding molds. Forty amalgam
samples were coated with three uniform layers of Copalite inter-
mediary varnish and the other 40 samples were left uncoated. The
coated and non-coated amalgam samples were exposed for 24 h to
10%, 20%, 30% or 40% carbamide peroxide preparations and
compared with samples exposed to phosphate buffer. In the non-
coated samples a significant increase of mercury concentration in
solution was found following exposure to all carbamide peroxide
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Mouthguard bleaching is a popular technique for
treating certain tooth discolorations (1). It is indicated
for superficial enamel discolorations, mild yellow or
brown discolorations, as well as for certain fluorosis
and age-related discolorations. This technique usually
has been advocated as a home bleaching procedure,
with a wide variety of materials, bleaching agents, fre-
quency and duration of treatment. Basically, slow-re-
lease bleaching agent in a gel form is applied to the
external surfaces of the teeth using a prefabricated
matrix. Treatment modalities may vary according to
manufacturers’ instructions. Numerous commercial
products are available, with 10% to 15% carbamide
peroxide being the most commonly used. Recently,
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bleaching products containing higher concentrations
of carbamide peroxide have also been introduced for
clinical use.

Controlled mouthguard bleaching procedures are
considered relatively safe with regard to systemic ef-
fects (2). However, some concern has been raised over
bleaching agents causing adverse effects such as irri-
tation to the gastric and respiratory mucosa when
swallowed, alteration of the morphology and chemi-
cal composition of enamel, dentin and cementum, as
well as damage to composite restorations by softening
and cracking the resin matrix (3–11).

Amalgam is still a widely used restorative material
for premolars and molars. Hence patients undergoing
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mouthguard bleaching are likely to have amalgam-re-
stored teeth. Recently, it was found that exposure of
amalgam to common bleaching agents caused an in-
crease of mercury levels on the external surfaces of
amalgam restorations (12) as well as an increase of mer-
cury release into solution (13). Additionally, amalgam
brands differed in the amounts of mercury release fol-
lowing bleaching with carbamide peroxide (13). Al-
though bleaching gels are routinely applied to the an-
terior dentition, excessive bleaching material may in-
advertently come into contact with amalgam-restored
premolars and molars and increase the release of mer-
cury from these restorations. Since mercury released
from dental amalgam during mouthguard bleaching
may increase the total mercury body burden (14, 15),
the clinician must exercise caution and take measures
to minimize undesirable mercury release.

Copalite (Cooley & Cooley, Houston, TX, USA) is
a popular intermediate varnish used in dentistry for
over 60 years and has been used more widely than
most other varnishes. It contains 10% copal resin in
a combination of ether, alcohol and acetone. When
dried, it prevents microleakage and reduces the dif-
fusion of acids from base cements into dentin (16).
Therefore, it was of interest to investigate the capacity
of this varnish to reduce mercury release from dental
amalgam exposed to several carbamide peroxide
bleaching preparations.

The aim of this study was to assess the protective
effect of Copalite coating on mercury release from
dental amalgam exposed to 10%, 20%, 30% and
40% carbamide peroxide bleaching preparations.

Material and methods

Eighty samples of zinc-free palladium-enriched, high-
Cu dental amalgam (Valiant, Caulk/Dentsply, Mil-
ford, DE, USA) were prepared as previously de-
scribed by Rotstein et al. (12). Briefly, the amalgam
capsules, each containing 600 mg alloy and 536 mg
mercury, were automatically mixed in a dental amal-
gamator (Dentomat Degussa, Frankfurt/Main, Ger-
many). The freshly prepared mix was then condensed
into silicon embedding molds with similar 10¿5¿3
mm cavities using hand amalgam condensers. The
samples were left for initial setting in the molds for
60 min and then removed and placed in saline.

Forty-eight hours later, the amalgam samples were
rinsed with distilled water, dried at room temperature
and left unpolished. Next, 40 samples were coated
with three uniform layers of Copalite intermediary
varnish. After each coating the samples were left to
dry for 30 min at room temperature. The varnish
was applied with a fine soft brush covering the entire
external surfaces of the samples. The other 40 amal-
gam samples were not coated. At this stage, the
coated and non-coated samples were randomly di-
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vided into eight experimental and two control groups
of eight samples each.

Each experimental sample was sealed in an individ-
ual glass assay tube containing 5 mL solution of 10%,
20%, 30% or 40% carbamide peroxide (CP). The
carbamide peroxide solutions were prepared by dis-
solving carbamide peroxide powder (Sigma, St. Louis,
MO, USA) in 0.1-M phospate buffer (pH 6.5). The
remaining eight coated and eight uncoated samples
were sealed in similar assay tubes containing 5 mL
0.1-M phosphate buffer (pH 6.5) which served as con-
trols. Solutions of 10%, 20%, 30% and 40% carba-
mide peroxide as well as 0.1-M phosphate buffer
without amalgam samples were used as negative con-
trols. The assay tubes containing the amalgam
samples as well as those without samples were placed
in a dry incubator at 37æC for 24 h.

Following incubation, the amalgam samples were
removed from the tubes and mercury levels of each
solution were measured using the MAS-50D Mercury
Analyzer System (Bacharach, Pittsburg, PA, USA).
The chemical reaction of the Mercury Analyzer Sys-
tem is based on the cold-vapor atomic absorption
method develped by Hatch & Ott (17). Briefly, the
tested solution is treated with nitric and sulfuric acids
in the presence of potassium permanganate and pot-
assium persulfate to oxidize all the mercury present
to mercuric ions (Hgππ). Any excess oxidant is then
neutralized with hydroxylamine hydrochloride. The
mercury in the solution is reduced to metallic mer-
cury by the addition of stannous chloride solution. An
internal pump circulates air, in a closed loop system,
through the solution, evaporating the mercury and
carrying it through the absorption cell. The mercury
vapour, which is in atomic form, absorbs light at
253.7 nm wave length. The change in energy trans-
mitted through the cell is detected by a UV-sensitive
phototube. Mercury concentration in each of the
solutions tested is determined by comparing it to a
standard curve of known amounts of mercury.

Changes in mercury concentrations for each solu-
tion of the tested amalgam samples were recorded
and the differences between the means of each group
were analyzed statistically using Mann-Whitney U-
test and ANOVA at 95% level of significance.

Results

Coated amalgam samples exposed for 24 h to phos-
phate buffer (PB) showed either none or negligible
concentrations of mercury in solution (Table 1). Non-
coated amalgam samples exposed for 24 h to PB
yielded significantly higher mercury concentrations in
solution than the coated samples (P∞0.05).

Significant changes in the mean concentrations of
mercury in solution occurred following 24-h exposure
of both coated and non-coated amalgam samples to
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Table 1. Mercury concentrations in solution (mg/mL) following 24-h treatment
of non-coated and Copalite-coated amalgam samples with various concen-
trations of carbamide peroxide (CP) and phosphate buffer (PB). Data are
mean∫SD

Treatment Non-coated amalgam Coated amalgam

10% CP 38.31∫28.09*† 6.85∫1.93*
20% CP 87.57∫58.75*† 5.30∫2.93*
30% CP 139.11∫107.74*† 18.17∫6.74*
40% CP 175.67∫110.80*† 17.91∫6.68*
PB control 0.81∫0.58‡ 0.009∫0.02

* Statistically significant from PB control (P∞0.001).
† Statistically significant from coated amalgam (P∞0.01).
‡ Statistically significant from coated amalgam in PB control (P∞0.05).

Table 2. Statistical comparison of mercury concentrations in solution between
non-coated amalgam groups following 24-h treatment with various concen-
trations of carbamide peroxide (CP)

10% CP 20% CP 30% CP 40% CP

10% CP – NS P∞0.05 P∞0.001
20% CP NS – NS P∞0.05
30% CP P∞0.05 NS – NS
40% CP P∞0.001 P∞0.05 NS –

NS – not significant.

Table 3. Statistical comparison of mercury concentrations in solution between
amalgam groups coated with Copalite following 24-h treatment with various
concentrations of carbamide peroxide (CP)

10% CP 20% CP 30% CP 40% CP

10% CP – NS P∞0.001 P∞0.001
20% CP NS – P∞0.01 P∞0.01
30% CP P∞0.001 P∞0.01 – NS
40% CP P∞0.001 P∞0.01 NS –

NS – not significant.

carbamide peroxide as compared to the PB controls
(Table 1). In the non-coated samples a significant in-
crease of mercury concentrations in solution occurred
following exposure to all carbamide peroxide prep-
arations tested. The increase of mercury concen-
trations in solution was directly related to carbamide
peroxide concentration. Statistically significant differ-
ences were found between the 10% CP group and
the 30% CP and 40% CP groups and between the
20% CP and the 40% CP groups (Table 2).

In the coated amalgam samples, significantly lower
concentrations of mercury in solution were found as
compared to the non-coated samples (P∞0.01). Statis-
tically significant differences were found between the
10% CP and the 30% CP and 40% CP groups and
between the 20% CP group and the 30% CP and
40% CP groups (Table 3).
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Discussion

The results of the present study indicated that pre-
coating of external amalgam surfaces with Copalite
varnish was effective in reducing mercury release
from amalgam exposed to various concentrations of
carbamide peroxide (Table 1). Bleaching agents can
cause changes in surface levels of the amalgam met-
allic components and increase mercury levels among
others (12). Such changes are time-dependent and
may be caused by enhanced oxidation, corrosion and
dissolution of the amalgam surface taking place dur-
ing exposure to hydrogen peroxide and other de-
composition by-products of carbamide peroxide. In
this case Copalite coating provided a protective bar-
rier owing to its ability to create a uniform film layer
that prevented contact between the bleaching agent
and amalgam surfaces.

Copalite varnish is a relatively non-toxic material
used primarily to seal dentinal tubuli by creating a
protective barrier between residual reactants diffusing
out of a restoration and/or oral fluids which may
penetrate leaky tooth-restoration interfaces (16).
Therefore, it may be suitable for clinical use as a pro-
tective barrier during mouthguard bleaching pro-
cedures. Copalite adheres well to both tooth and
amalgam surfaces and can be used during the
mouthguard bleaching session without suffering
major alterations. However, several layers may be
needed to create a protective film barrier against mer-
cury release since varnishes are hydophobic and some
moisture may always be present on the external amal-
gam surfaces. A single coat may effectively cover only
55% of the surface and a double coat may cover ap-
proximately 85% of the surface (16). Therefore, ap-
plying three layers of the varnish, as we did in our
study, is recommended to ensure good protection of
the external amalgam surfaces. Clinically, Copalite
application was simple and did not require prolonged
chair time since the low resin content of the varnish
created a thin film layer which was flexible and dried
rapidly. Moreover, most solvent loss after each Co-
palite application occured in 8 to 10 s and did not
require forced air assistance. After treatment was
completed, the protective film could be easily re-
moved either by the dentist or by the patient during
toothbrushing.

Dental amalgam can be a source of chronic mer-
cury exposure even under physiological conditions
(18). This was confirmed in our results where mercury
was found in solution of amalgam samples also ex-
posed to phosphate buffer controls. Here, non-coated
amalgam samples released on average 90 times more
mercury than amalgam samples coated with Copalite.
When trying to extrapolate our results to clinical con-
ditions it must be taken into consideration that set
amalgam is a dynamic material that undergoes many
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microstructural changes. These changes are related to
the nature of the amalgam matrix and to the corros-
ive environment of the mouth. The Hg matrix phase,
which is a major phase in any set amalgam, repre-
sents a potential source for continuous and sometimes
prolonged mercury release. This may be increased by
chewing, brushing or exposure to heat and certain
acids (19). In our study, carbamide peroxide and its
decomposition by-products may have accelerated the
degradation of the non-coated amalgam surfaces by
removing the protective surface films, thereby expos-
ing the Ag-Hg matrix. The unprotected amalgam sur-
face was then further oxidized, leading to chemical
dissolution of the Hg phase and diffusion of available
mercury to the surrounding environment. Higher
concentrations of carbamide peroxide may have ex-
posed more of the Ag-Hg matrix since a positive cor-
relation was found between carbamide peroxide con-
centrations and mercury levels in solution. Exposure
of amalgam to higher concentrations of carbamide
peroxide resulted in more mercury release. This was
most evident in the non-coated samples and indicated
the protective capacity of the Copalite varnish coat-
ing. It therefore appeared that pre-coating external
amalgam surfaces with Copalite prior to mouthguard
bleaching is indicated. Copalite seemed to act as a
good protective film barrier thus reducing the risk of
mercury-induced adverse effects.
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