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Objective. The levels of 10 heavy metals (arsenic, bismuth, cadmium, chromium, copper, iron, lead, manganese,
nickel, and zinc) in gray Portland cement (GPC), white Portland cement (WPC), gray MTA (GMTA), and white MTA
(WMTA) were analyzed by inductively coupled plasma-atomic emission spectrometry (ICP-AES).
Study design. One gram of each material was digested with 80°C “aqua-regia” (7 mL of 60% HNO3 and 21 mL of
35% HCl), filtered, and analyzed by ICP-AES. The analysis was performed 6 times and the data were analyzed
statistically.
Results. Arsenic and lead concentrations were the highest in GPC (P ! .05). GPC had much more of 7 heavy metals
than the other 3 cements (P ! .05). GMTA and WMTA had higher purity than GPC and WPC (P ! .05), particularly
when arsenic content was considered.
Conclusion. If a clinician is considering using Portland cement versus MTA, the differences in purity may be
considered. (Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2010;109:642-646)

Mineral trioxide aggregate (MTA) has been used as
root-end filling material,1-3 a root or furcal perforation
repair material,4,5 and a pulp-capping material.6 De-
spite the superior characteristics of MTA, such as
biocompatibility and physical properties, the high
cost has been regarded as one of the disadvantages of
MTA. Therefore, many studies have been performed
to analyze the composition,7-9 biocompatibility,10-12

and physical properties13-15 of Portland cement as a
substitute for MTA and the results were comparable to
MTA.10-15 However, in the waste industry, Portland
cement is used as a waste conditioner for the safe
disposal of sludge containing arsenic and other heavy

metals.16 Regarding the concerns of the arsenic content
in Portland cement, 1 previous study17 demonstrated
that MTA and Portland cement are both safe for use in
clinical practice, whereas another investigator18 com-
mented that Portland cement should not be used with-
out verifying its safety for medical use. In addition to
the arsenic content, Portland cement has been reported
to contain more heavy metals, such as manganese and
strontium, than MTA, which may induce rejection,
inflammation, or allergic reactions.19 Another study20

also showed that variable amounts of chromium, nickel,
and cobalt were contained in some commercial Port-
land cements. However, until now, there has been only
1 study that measured the contents of various heavy
metals in MTA and Portland cement.19 This study,
however, did not clearly describe the sample treatment
method for digestion of MTA and Portland cements.
Furthermore, heavy metals such as cadmium, chro-
mium, cobalt, lead, and silver were not identified. Be-
cause there might be a difference in the measured value
of heavy metals according to the sample treatment
methods and it is necessary to have accurate informa-
tion regarding the heavy metal content of MTA and
Portland cement for clinicians, an accurate and better
designed method to assess the heavy metals of MTA
and Portland cement is very important.

Therefore, this study used the sample treatment
method of “aqua regia” (1:3 mixture of nitric acid and
hydrochloric acid) and inductively coupled plasma-
atomic emission spectrometry (ICP-AES) to measure
the concentrations of 10 heavy metals (arsenic, bis-
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muth, cadmium, chromium, copper, iron, lead, manga-
nese, nickel, and zinc) in gray Portland cement (GPC),
white Portland cement (WPC), gray MTA (GMTA), and
white MTA (WMTA). The null hypothesis of this study
was that there is no remarkable difference in heavy metal
contents among GPC, WPC, GMTA, and WMTA.

MATERIALS AND METHODS

Sample treatment
The materials tested in this study were GPC (Lafarge

Halla Cement Corp., Seoul, Korea), WPC (Union
Corp., Seoul, Korea), GMTA (ProRoot MTA, Dentsply
Tulsa Dental, Tulsa, OK), and WMTA (ProRoot MTA
tooth colored formula, Dentsply Tulsa Dental). One
gram of each sample, to the nearest of 0.001 g, was
weighed and transferred to the reaction vessel (50 mL
HDPE bottle, Pyrex, Lowell, MA). A mixture of 7.0
mL of nitric acid (HNO3; 60% by weight) and 21.0 mL
of hydrochloric acid (HCl; 35% by weight) was added
to the reaction vessel and left to stand for 2 hours. After
the vessel was slightly capped, it was transferred to the
hood containing an exhaust vent and heated to 80°C
by placing on the heating block (SCP science, Baie
D’Urfé, Québec, Canada) and allowed to equilibrate at
80°C for 150 minutes. The temperature of the mixture
was raised slowly to eliminate losses of traces by abrupt
boiling. After reaction of the sample and the mixture
acids, the reaction vessel was cooled to room temper-
ature. Then, this mixture was filtered through Whatman
No. 42 filtration paper (Whatman plc, Whatman House,
Maidstone, UK). A blank test was carried out in parallel
by the same procedure, using the same quantities of all
reagents but omitting the test sample.

Contamination control during analytical
operation

To eliminate leaching trace metals from the walls of
containers (sample bottle) and pipette tips, they were
soaked in an 8:1:1 vol/vol mixture of water, nitric acid,
and hydrochloric acid for more than 48 hours, rinsed
several times with ultrapure water having a resistance
of 18 M", dried at room temperature in a clean bench,
and stored in a clean air environment before use. The
analyst wore polyvinyl chloride gloves during cleaning
as well as analytical operation.

Reagents
A total of 1000 mg/L of stock standard solutions of 10

heavy metal species (arsenic, bismuth, cadmium, chro-
mium, copper, iron, lead, manganese, nickel, and zinc)
(SCP science, Baie D’Urfé, Québec, Canada) were pur-
chased and diluted into 5 different concentrations. Deion-
ized water, having a resistance of 18 M", was obtained

with a 3-stage ion-exchange filter system. All reagents
used in the experiment were of analytical grade or higher.

Calibration
The equipment was calibrated using a “5-point” cal-

ibration method. Once the spectrometer was calibrated,
the calibration was verified with the use of standard
solutions as described previously. One representative
calibration curve (for arsenic) is shown in Fig. 1.

Determination of elements
The resulting filtrates were analyzed by ICP-AES

(ICPS-7510, Shimadzu, Kyoto, Japan). The conditions
for the analysis were 1.2 kW of power from a radio-
frequency generator, a plasma argon flow rate of 1.2
L/min, a cooling gas flow of 14 L/min, a carrier gas
flow of 0.7 L/min, an entrance slit of 20 #m, an exit slit
of 30 #m, an observation height of 15 mm, and an
integration time lapse of 5 seconds. The concentrations
of the 10 heavy metals (arsenic, bismuth, cadmium,
chromium, copper, iron, lead, manganese, nickel, and
zinc) were analyzed by ICP-AES with 6 repeats.

Statistical analysis
The results were analyzed statistically using a

Kruskal-Wallis test followed by an LSD (least signifi-
cant difference) test. Differences with a P value less
than .05 were considered significant.

RESULTS
Arsenic and lead

Arsenic was detected in all 4 cements (Fig. 2 and
Table I). The arsenic concentration was the highest in
GPC (25.01 mg/kg) and the lowest in GMTA (2.16

Fig. 1. Calibration curve for arsenic determination.

OOOOE
Volume 109, Number 4 Chang et al. 643



mg/kg). Both types of MTA had statistically less ar-
senic than the 2 Portland cements (P ! .05). Lead was
detected only in GPC.

Other heavy metal elements
GMTA had less or statistically equal contents of 7

heavy metals (except bismuth, iron, and nickel) compared
with GPC. WMTA had less or statistically equal contents
of 9 heavy metals compared with WPC (except bismuth).
The manganese concentration was the lowest in GMTA.
WPC contained the highest nickel concentration and
GMTA had the highest iron concentration (P ! .05).
WMTA had the least amount of 4 trace metals of the
materials tested (cadmium, chromium, iron, and zinc).
Thus, the null hypothesis was rejected.

DISCUSSION
Regarding the concerns of the sample treatment

methods for the extraction of arsenic in MTA and
Portland cements, Duarte et al.17 used an extraction
technique with a mild acid (diluted HCl) and reported a
negligible amount of arsenic (0.0002 mg/kg) in Pro-
Root MTA. Monteiro Bramante et al.21 used a strong
acid solution (20% HCl) for 15 minutes for dissolution
of MTA and De-Deus et al.22 also used strong acids (a
mixture 1:1 of hydrochloric and nitric acids plus tet-
rafluoroboric acid) to ensure dissolution of the MTA
and Portland cement. In the present study, we used a 1:3
mixture of HCl and HNO3 for the detection of trace
elements, which is recommended by the ISO 11466, and
found that the measured arsenic content was 25.01 mg/kg

Fig. 2. Concentrations (in mg/kg) of the 10 heavy metals (arsenic, bismuth, cadmium, chromium, copper, iron, lead, manganese,
nickel, and zinc) in gray Portland cement (GPC), white Portland cement (WPC), gray MTA (GMTA), and white MTA (WMTA).

Table I. Concentration of 10 heavy metals in GPC, WPC, GMTA, and WMTA (mg/kg)
GPC WPC WMTA GMTA

Arsenic 25.01 $ 2.99a 12.05 $ 0.92b 3.75 $ 1.39c 2.16 $ 0.46d

Bismuth 4.54 $ 3.91a 7.08 $ 5.73a 89520.25 $ 38265.7b 108917.47 $ 21801.45b

Cadmium 2.97 $ 0.23a 0.35 $ 0.28b 0.23 $ 0.19b 2.09 $ 0.04c

Chromium 20.58 $ 1.53a 7.78 $ 0.54b 4.53 $ 0.75c 12.44 $ 0.19d

Copper 130.47 $ 11.08a 1.38 $ 0.69b 2.09 $ 0.66b 3.20 $ 0.21c

Iron 15196.83 $ 910.91a 1317.83 $ 102.81b 1108.33 $ 100.23c 23229.16 $ 349.61d

Lead 91.00 $ 2.64 Not detected Not detected Not detected
Manganese 459.83 $ 114.84a 64.40 $ 15.54b 61.66 $ 13.46b 31.75 $ 0.61c

Nickel 5.79 $ 0.2a 60.34 $ 1.93b 27.40 $ 1.12c 6.43 $ 0.07d

Zinc 553.95 $ 50.09a 10.51 $ 7.72b 4.40 $ 0.38c 28.92 $ 0.64d

GPC, gray Portland cement; WPC, white Portland cement; WMTA, white mineral trioxide aggregate; GMTA, gray mineral trioxide aggregate. The
same superscript represents no statistically significant difference (P ! .05).
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in GPC, 12.05 mg/kg in WPC, 3.75 mg/kg in WMTA,
and 2.16 mg/kg in GMTA, respectively. However,
our results cannot be compared directly with previ-
ous studies17,19,21,22 because the sample treatment
methods were not identical. In other words, Duarte
et al.17 measured the arsenic content that had leached
out of MTA, whereas the other 3 studies,21,22 including
ours, measured the total content of arsenic contained in
MTA itself.

Interestingly, WMTA contained higher concentra-
tions of arsenic than GMTA in this study, which is in
agreement with the study of De-Deus et al.22 Also, lead
was detected only in GPC. Cadmium and chromium
were detected in both MTAs, which were not detected
by Dammaschke et al.19 The differences were also
shown in contents of copper, iron, manganese, and
nickel in MTA between the present study and the study
of Dammaschke et al.19 This could be attributed to the
differences of sample treatment methods. Another pos-
sible explanation of the differences of heavy metal
contents shown in this present study and previous
studies17,19,21,22 is the regional difference of sample
manufacturers, which allows for differences in the
compositions of the raw materials for Portland cement
production. The measurements of the heavy metal con-
tent in WPC showed interesting results. Namely, WPC
contained lower concentrations of iron and manganese
than GPC. This explains the color differences between
WPC and GPC because iron and manganese are well-
known chromophores.19 The concentrations of the 4
heavy metals (cadmium, copper, lead, and manganese)
in WPC showed no significant difference with those in
WMTA, and even the concentrations of 6 heavy metals
(bismuth, cadmium, chromium, copper, iron, and zinc)
were lower in WPC than in GMTA. Another interesting
finding of this study was that WMTA and WPC con-
tained higher amounts of nickel than GPC and GMTA.
It is possible that the raw material for WPC and WMTA
is similar but different from the raw materials for GPC
and GMTA. Future studies on the chemical constitution
and biological behavior of WPC are needed. Aqua regia
(mixed use of HCI and HNO3) has been used widely for
the determination of heavy metals in many fields in-
cluding dental23 and soil science.24 The advantage of
the aqua regia method was reported to be ease of
application, cost-effectiveness, and consistency of the
results.25 Aqua regia was also known to be able to
release more heavy metals such as iron and manganese
than single acid alone (HNO3).26 To the best of our
knowledge, our study is the first to use aqua regia for
determination of various heavy metals in MTAs and
Portland cements. The 10 heavy metals investigated in
this study were selected considering the previous stud-
ies17,21,22 (arsenic) and the study of Dammaschke et

al.19 (cadmium, chromium, copper, iron, lead, manga-
nese, nickel, and zinc), which has been the only article
that investigated the various kinds of heavy metal con-
tents of MTA and Portland cement so far. Omitting
other toxic heavy metals such as barium, uranium,
cerium, mercury, cobalt, silver, strontium, titanium,
and indium, which was studied in a previous study,19

could be one of the limitations of the present study. The
analysis of these heavy metals will soon be carried out
in our affiliation as a successive study.

As was mentioned in the introductory paragraphs,
one of the motivations of this study was to give infor-
mation regarding the heavy metal contents of MTA and
Portland cement to the clinicians who consider the use
of Portland cement and MTA. In a comparison of
GMTA versus GPC and WMTA versus WPC, GMTA
had less or statistically equal contents of 7 heavy metals
(arsenic, cadmium, chromium, copper, lead, manga-
nese, and zinc) compared with GPC. Likewise, WMTA
had less or statistically equal contents of 9 heavy metals
(arsenic, cadmium, chromium, copper, iron, lead, man-
ganese, nickel, and zinc) compared with WPC. These
differences in heavy metal contents could be considered
before use of Portland cement and MTA by the clini-
cians. It was found that GMTA or WMTA contained
considerably fewer heavy metals (arsenic, cadmium,
chromium, copper, lead, manganese, and zinc) than
GPC. However, there have been previous studies that
reported good cell response10,11 and tissue response12

of Portland cement that were comparable to those of
MTA. Considering these results, it is unlikely that the
release of these heavy metals from Portland cement
would present a severe health risk because these heavy
metals are also present in an ordinary diet, and the
ingestion of large quantities is needed to cause health
problems.27,28 De-Deus et al.22 reported that for the
human body, poisoning by inorganic arsenic can be
lethal at oral doses higher than 60 mg/kg. This is
considerably higher than the amount contained in Port-
land cement used for root-end filling or perforation
repair. In this respect, the use of Portland cement can be
regarded as having a significant safety margin in rela-
tion to the arsenic content. However, the possible ef-
fects of various heavy metals in Portland cement and
MTA should be investigated in future studies. In addi-
tion, future studies on the effect of heavy metal content
on the biocompatibilities and mechanical properties of
MTA and Portland cement are also needed.

CONCLUSION
In the present study, 4 materials (GPC, WPC, GMTA,

and WMTA) were tested to determine the total contents
of heavy metals, such as arsenic, bismuth, cadmium,
chromium, copper, iron, lead, manganese, nickel, and
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zinc. These tests were not a measure of what could be
extracted in vivo, but the total trace metal contents.
Lead (91 mg/kg) was detected only in GPC. Arsenic
was present in all materials, but particularly in GPC and
WPC (25 mg/kg and 12 mg/kg, respectively), and less
than 4 mg/kg in GMTA and WMTA. GPC had signif-
icantly more arsenic, cadmium, chromium, copper,
lead, manganese, and zinc than WPC, GMTA, and
WMTA. Both GMTA and GPC had 2 to 3 mg/kg of
cadmium. The results of the present study also showed
that WPC and WMTA have much less iron but more
nickel (60 and 27 mg/kg, respectively) compared with
GPC and GMTA. If a clinician is considering the use of
Portland cement in clinical practice, the presence of
trace heavy metals and their lower radiopacity may be
considered.
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