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Abstract

Aim:  The aim of this study was to investigate the 
effect of 16 percent carbamide peroxide gel on 
mercury and silver ions released from admixed and 
spherical dental amalgams.

Methods and Materials:  A total of 96 amalgam 
discs were prepared from two different types and 
brands of dental amalgam (admixed and spherical). 
The samples were stored at room temperature in 
glass tubes containing distilled water for 24 hours. 
The specimens were then polished and again 
immersed in distilled water at room temperature 
and stored for one month. Samples of both types 
of dental amalgam were treated with carbamide 
peroxide 16 percent gel (Nite White, Discus Dental, 
Inc., Culver City, CA, USA) for 14 and 28 hours 
(experimental group) and compared to samples 
not exposed to the bleaching agent but stored 
continuously in distilled water. Mercury and silver 
levels of each solution were measured using the 
VAV–440 analyzer system.

Results:  Mercury and silver ions released from 
the experimental group were significantly greater 
than from the control group (p<0.001). There 
was no significant difference between the mean 
levels of mercury and silver ions in the two kinds 
of amalgams after treatment with 16 percent 
carbamide peroxide (p=0.119 for mercury and 
p=0.199 for silver). Increasing the storage time in 
the carbamide peroxide gel from 14 to 28 hours did 
not result in significant changes in the amount of 
ions released (p=0.329 for mercury and p=0.082 
for silver). Also, the interaction effect between 

amalgam particles’ shape (admixed and spherical) 
versus storage time (14 versus 28 hours) was not 
statistically significant (p=0.901 for mercury and 
p=0.951 for silver).

Conclusion:  Treatment with 16 percent 
carbamide peroxide gel increased mercury and 
silver ions released from admixed and spherical 
amalgams, compared to samples in the control 
group, but the difference between the two 
amalgams was not statistically significant.

Clinical Significance:  The amount of mercury 
and silver ions released from high-copper dental 
amalgams during bleaching with 16 percent 
carbamide peroxide is in the safe range of 
mercury intake for patients.
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Introduction

Tooth bleaching is rapidly gaining popularity due 
to patients’ desire for whiter teeth and a more 
attractive smile.1 In esthetic dentistry, there are 
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dental amalgams, this study is designed to assess 
the effect of 16 percent carbamide peroxide gel on 
mercury and silver ion release from admixed and 
spherical dental amalgams.

Methods and Materials

Two commercially available dental amalgams were 
selected for this in vitro experimental study. The 
first one was a high-copper admixed amalgam 
(GS-80; Southern Dental Industries Limited, 
Bayswater, Victoria, Australia) containing 40 
percent Ag, 31.2 percent Sn, and 28.7 percent 
Cu; and the second was a high-copper, spherical 
unicompositional amalgam (Oralloy Magicap S; 
Coltene Co., Cuyahoga Falls, OH, USA) containing 
58.3 percent Ag, 28.3 percent Sn, 13.33 percent 
Cu. The characteristics and chemical compositions 
of these materials are summarized in Table 1.

Forty-eight specimens of each of the two dental 
amalgam brands were prepared, for a total of 
96 samples. The amalgam capsules were mixed 
according to the manufacturers’ instructions with 
a dental amalgamator (Doumat 2; Degussa Co., 
Germany). Each amalgam disc was prepared in a 
truncated cone shape PVC polymer mold of 9 mm 
base and 8 mm top diameter and 3 mm height. 
The external surface area of each amalgam disc 
was 1.95 cm2.

The specimens were removed from the molds 
after 60 minutes, placed in sealed glass tubes 
containing distilled water, and stored for 24 
hours at room temperature for completion of the 
setting of the amalgam. After this 24-hour period 
the specimens were polished with green and 
red rubber (DTZ Geozalee 307-14167 Berlin, 
Germany), followed by a brush and tin-oxide paste 
at low speed. Once polished, the specimens were 
then aged in distilled water at room temperature 
(24°C) for one month. Following that aging period, 

two methods of bleaching generally used to 
treat discolored vital teeth. Bleaching agents for 
professional use contain high concentrations of 
carbamide or hydrogen peroxide (30–37 percent) 
solution, while home bleaching agents contain low 
peroxide concentrations (3–20 percent).2,3

Mouth guard bleaching is usually applied as a 
home bleaching procedure, with a wide variety of 
commercial products, frequency, and duration of 
treatment. Most commercial products consist of 
carbamide peroxide–based gels, which are usually 
applied to the external surfaces of the teeth using 
either a custom or a prefabricated tray.4,5

One concern about bleaching materials is their 
adverse effects on existing restorations in the oral 
cavity. Several studies have reported that there 
was little evidence of bleaching agents causing 
significant changes on dental materials including 
glass-ionomer cements, ceramics, and gold. 
However, many in vitro studies have reported 
a significant increase in mercury release from 
dental amalgam as a result of treatment with 
peroxides.2,6,7

Amalgam is the most widely used restorative 
material for posterior teeth because of its physical 
and mechanical properties, stability, ease of use, 
and low cost. However, mercury release as a 
result of contact of amalgam-restored posterior 
teeth with excessive bleaching material within the 
mouth guard is of particular concern due to its 
potential adverse effects on human tissues and 
the environment.2,8

Since the particles’ shape and mercury reaction 
are different in spherical and admixed dental 
amalgam, so the effect of carbamide peroxide gel 
on releasing metal ions from these alloys may 
be different. Some previous studies show these 
effects.9,10 Since there are few studies regarding 
the differences between admixed and spherical 

Table 1. Composition of amalgam alloys in percentage by weight and properties.
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solution was determined by comparing it with a 
standard curve of known amounts of mercury.

The silver level was measured the same way as 
for mercury, but the chemical reaction was based 
on the flame atomic absorption method. Following 
the stages of calibration and samples preparation, 
the silver concentration was determined by 
comparing the amount of the absorption of 
samples using the calibration curve in the 328.1 
nm wavelength.

Considering the surface area of each amalgam 
disc, the amounts of mercury and silver were 
calculated in µg∕mm2. Data were analyzed 
statistically by using a t-test, two-way ANOVA, and 
Tukey HSD tests.

Results

Mean levels of mercury and silver released from 
Oralloy and GS-80 amalgam after 14 and 28 hours 
are summarized in Table 2.

The amount of mercury and silver ions released 
from the experimental group was significantly 
greater than from the control group (p<0.001), but 
the two-way ANOVA test results did not show any 
significant difference between the mean levels 
of mercury and silver ions in the two kinds of 
amalgams (admixed and spherical) after treatment 
with the 16 percent carbamide peroxide bleaching 
agent (p=0.119 for mercury and p=0.199 for silver).

It was indicated from the Tukey HSD tests that 
increasing the storage time of samples in the 16 
percent carbamide peroxide gel from 14 hours to 
28 hours also did not result in significant changes 

the amalgam discs were removed from the tubes 
and dried with cotton wool.

Samples in the experimental group (48) were 
treated with carbamide peroxide 16 percent gel 
(Nite White; Discus Dental, Inc., Culver City, 
CA, USA) in tubes containing 3 ml of carbamide 
peroxide gel and 0.1 ml of distilled water in a 
manner that the entire amalgam discs’ surfaces 
were coated with the gel. According to the 
manufacturer’s instruction, this gel should be 
used one to two hours per day, and a two-
hours-per-day exposure period was selected in 
this study. The specimens (24 samples in each 
amalgam group) were kept in these tubes for 
14 and 28 hours. The control group samples 
were immersed in a solution containing 3 ml of 
0.1-M phosphate buffer (pH=6.5) for 14 and 28 
hours. After the mentioned periods, the amalgam 
samples were removed from the assay tubes and 
rinsed with distilled water to reach a volume of 10 
ml of water in every tube.

Mercury levels of each solution were measured 
using the VAV–440 mercury analyzer system 
(Thermo Jarrell Ash Co. SH-22 Model; Franklin, 
MA, USA). The chemical reaction in this system 
was based on the cold–vapor atomic absorption 
method. The solution was treated with nitric acid 
and sulfuric acid in the presence of potassium 
permanganate and potassium per sulfate to 
oxidize all the mercury to mercuric ions (Hg++). 
Then the excess oxidant was neutralized with 
hydroxylamine hydrochloride. Stannous chloride 
solution reduced the mercury in solution to 
metallic mercury. The mercury vapor was carried 
toward the absorption cell by argon gas flow. The 
mercury vapor absorbed light with the 253.7 nm 
wavelength. The mercury concentration in each 

Table 2. Mercury and silver ions released from admixed and spherical 
amalgams after 14- and 28-hour treatments.
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in the amount of mercury and silver ions released 
(p=0.329 for mercury and p=0.082 for silver). 
Furthermore, the interaction effect between 
amalgam particles’ shape versus storage time 
was not statistically significant (p=0.901 for 
mercury and p=0.951 for silver).

Discussion

The results of the present study indicated that 
although the amount of ions released after 
treatment with a 16 percent carbamide peroxide 
bleaching agent was significantly higher than for 
the control group, but the difference between the 
two spherical and admixed amalgam brands was 
not significant. Some studies have mentioned 
that aging affects the amount of mercury release 
from dental amalgam.8,11 Additionally, in most 
clinical cases patients present with old amalgam 
restorations at the time of bleaching. Even in the 
case of new restorations placed when bleaching 
treatment is planned, some time is needed for 
bleaching tray fabrication and the actual initiation 
of the treatment procedure. Any new amalgam 
restorations are in the wet field of the oral cavity 
during this waiting period. So, in order to mimic 
a real-life clinical scenario, all the samples were 
stored in distilled water for a period of one month.

Body exposure to these metal ions, especially 
mercury, is a potential hazard and may have 
adverse health effects. The World Health 
Organization (WHO) guideline for the maximum 
intake of mercury is 40 µg/day.12 In the present 
study, the average amount of mercury release 
from each amalgam disc was about 1 µg/mm2. 
The total surface area of each amalgam disc was 
195 mm2. Therefore, the average mercury release 
from a sample over 14- and 28-hour periods was 
195 and 390 µg, respectively. According to the 
White Nite bleaching instructions, the produce is 
to be used for two hours per day. As a result, the 
maximum release of mercury using 16 percent 
carbamide peroxide in this study was 27.8 µg/day, 
which is below the 40 µg/day WHO threshold and 
in the safe range of mercury intake.

In vitro studies showed that the amount of mercury 
release depended on both the amalgam brand and 
the carbamide peroxide concentration.4,13,14

Making direct comparisons between the data 
from this study and published data is difficult, due 

to limitations in the reporting of the carbamide 
peroxide concentration or amalgam brands used in 
previous studies and the lack of standardization of 
experimental details.

Rotstein et al.13 reported that mercury released 
from amalgams immersed into 10 percent 
carbamide peroxide solutions after 48 hours 
was between 23 and 161 µg/ml. Al-Salehi et al.7 
recalculated the data reported by Rotstein et al.13 
and showed that considering the surface area of 
the samples, which was 1.9 cm2, the amount of 
mercury release would be between 0.6 and 4.24 
µg/mm, which is consistent with the levels obtained 
in our study (Table 2). Similarly, the data reported 
for mercury release by Hummert et al14 and 
Mackert and Berglund15 after recalculation were 
between 0.014 and 0.020 µg/mm2 and 0.016 µg/
mm2, respectively.

Various studies investigated mercury release 
from dental amalgam as the result of exposure to 
bleaching agents, and some of them reported that 
ion release was increased due to the bleaching 
agent.6,16,17 Conversely, other studies reported no 
release of ions from different amalgam brands.15,18

In the present study, ion release was expressed in 
the same way reported by Al-Salehi et al,7 i.e., as 
an amount released per unit surface area of the 
specimen as a standard form.18

Although not statistically significant, the level of 
mercury release from the spherical alloy (Oralloy 
Magicap S) was higher than that for the admixed 
alloy (GS-80), but for silver ion release the 
outcomes were reversed. These data are similar to 
the study done by Certosimo et al,9 who reported 
that mercury release from spherical alloy (Tytin; 
Kerr Corp., Orange, CA, USA) exceeded that of 
the admix alloy (Valiant, Ivoclar Vivadent, Inc., 
Liechtenstein). It can be speculated that carbamide 
peroxide bleaching agent may enhance the release 
of mercury in different ways from different alloy 
types of dental amalgam.

Admixed alloys need more mercury for reaction 
with amalgam due to the larger surface area of the 
particles,19 so it’s expected that admixed amalgams 
would release more mercury than unicompositional 
spherical alloys. On the other hand, during the 
setting reaction of unicompositional spherical 
alloys, more contraction occurs and this contraction 
causes some microcracks in the amalgam mass.20 
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mouth. In addition, patients who abuse over-the-
counter products by prolonged contact periods 
between the bleaching agent and their amalgam 
restorations may expose themselves to the risk of 
increasing their total mercury intake.8

In in-vitro studies like the present one, the 
concentration of the bleaching gel is constant 
during the period of contact with amalgam samples, 
but in the mouth, the gel dilutes with time due 
to saliva secretion, so its effect on amalgam 
restorations decreases, respectively.

Since there are multiple variables in the mouth 
such as saliva, the oral cavity pH, and the amount 
and ways of absorption of the released ions, 
the relationship between dental amalgam and 
bleaching agents requires more in vivo studies.

Conclusion

Within the limits of this study, it was concluded 
that the difference between the mean surface 
levels of mercury and silver in the two amalgam 
brands after treatment with 16 percent carbamide 
peroxide was not statistically significant, although 
mercury release was greater in the spherical alloy 
and silver release was higher in the admixed alloy.

It also was concluded that increasing the 
storage time of samples in 16 percent carbamide 
peroxide gel from 14 hours to 28 hours didn’t 
cause significant changes in the amount of ions 
releaseed.

Clinical Significance

The amount of mercury and silver ions released 
from high-copper dental amalgam during 
bleaching with 16 percent carbamide peroxide is 
in the safe range of mercury intake for patients.
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