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ABSTRACT

OBJECTIVE: The literature reports that Cadmium (Cd) is highly toxic to human body and dental
tissues. Sodium hypochlorite (NaOCI) irrigating solutions used in root canal treatment are composed
of several metals. However, there is no study regarding the presence of Cd in these solutions. This
study aimed to verify the existence of Cd on 2.5% NaOCI solutions proceeding from different origins,
being to date the first of the kind.

METHODS: Three solutions of 2.5% NaOCI from different origins were assessed in relation to the
chlorine content and the presence/amount (mg/L) of cadmium by the Anodic Stripping Voltammetry
(ASV) test. Oxidation-Reduction Titration (OR) method was performed to quantify the available
chlorine. The types of NaOClI solutions were from: i) hand manipulated at a pharmacy, ii) industrialized
and commercialized at a dental supply store and iii) industrialized and commercialized at a grocery
supermarket.

RESULTS: The ASV test showed the amount of cadmium was 0.14mg/L for solutions coming from the
pharmacy and the supermarket, and 0.13mg/L for the solution coming from the dental supply store.
OR method found the following amount of available chlorine: 1.15% and 1.52% and 2.24% NaOCI
for solutions proceeding from the pharmacy, dental supply store and supermarket, respectively.
CONCLUSION: All samples presented levels of Cd above the permissible limits stated by the
legislation from where the study was conducted (0.01 mg/L).
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Andlise de cadmio em solucodes de hipoclorito de sédio por
Voltametria de Redissolucao Anddica: um estudo preliminar

RESUMO

OBJETIVO: A literatura relata que o Cadmio (Cd) é altamente téxico para o corpo humano e para os tecidos
dentais. Solugdes irrigadoras como o hipoclorito de sédio (NaOCI) usadas no tratamento de canal radicular sdo
compostas por diversos metais. Contudo, ndo ha estudo em relagéo a presenga de Cd nestas solugoes. Este
estudo objetivou verificar a existéncia de Cd em solugdes de NaOCl 2.5% procedentes de diferentes origens,
sendo até o momento, o primeiro estudo deste tipo.

METODOS: Trés solugoes de 2.5% de NaOCI de diferentes origens foram avaliadas em relagao ao contetido
de cloro e a presenca/quantidade (mg/L) de Cd por meio do teste de Voltametria de Redissolucdo Anddica
(ASV). O método de Titulacéo Oxidagao-redugao (OR) foi empregado para quantificar o cloro livre. Os tipos das
solucdes de NaOCI foram provenientes das seguintes origens: i) manipuladas em farmacia, ii) industrializada
e comercializada em dentérias, e iii) industrializada e comercializada em supermercados.

RESULTADOS: O teste ASV mostrou que a quantidade de Cd era de 0.14 mg/L para solugdes provenientes da
dentéaria. O método OR encontrou a seguinte quantidade de cloro livre: 1.15%; 1.52% e 2.24% para as solugdes
provenientes da farmacia, dentéria e supermercado, respectivamente.

CONCLUSAOQ: Todas as amostras apresentaram niveis de Cd acima dos limites permitidos pela legislagao do
local onde o estudo foi conduzido (0.01 mg/L).

Palavras chave: Endodontia; Cadmio; Hipoclorito de sodio; Corpo humano
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INTRODUCTION

Cadmium (Cd) is one of most toxic metals found in
the Earth's crust. This heavy metal is classified by the
International Agency for Research on Cancer (IARC) as
“Group 1 Carcinogens”, which means that, there is sufficient
evidence to confirm that the substance is carcinogenic for
human beings. The growing concern with Cd is a result of its
high toxicity [1]. Cd is toxic even when the metal is present
on substances and materials in very low concentrations.
In addition to that, Cd has a long half-life in the human
body, remaining in it from 10 to 30 years [2], and it can be
deposited in the heart, spleen, testicles and pancreas [3-5].
Cd-contamination might lead to fetal abnormalities,
alterations in the nervous system [6], cardiovascular disorders
(arteriosclerosis and hypertension) [7]; and lung, kidneys
and prostate neoplasias [8], as well as, it might impair the
metabolism of calcium [9], resulting in osteoporosis [10, 11].

Additionally, since the 70s, laboratorial studies have
shown that systemic contamination with Cd resulted in
harmful alterations in oral tissues. After successive Cd
injections in rats, the metal was deposited in teeth and
bones [12], impairing the dental matrix [13], leading to a
reduction in odontoblasts-cells [14] and causing discoloration
of incisors [15]. Similarly, after endovenous injection of a
Cd-containing compound (1 and 2 mg/kg) for 13 weeks in
rats, the histopathologic analysis showed local alterations on
teeth: destruction of the enamel organ, Cd accumulation and
iron loss. Moreover, this same study showed that total pulp
necrosis occurred not only in incisors but also in molars.
The pulp of molars was slightly intoxicated with Cd, which
might be responsible for the ischaemia and subsequently
necrosis [15]. Recently, authors showed that toxic heavy
metals accumulation (including Cd) in supragingival dental
calculus of smokers was significantly higher that in non-
smokers. They stated that smoking is a major environmental
source for chronic toxic heavy metal exposition [16].

In the Dentistry field, evidences have suggested that Cd
might incorporate in dental instruments/materials during
the manufacturing process. Cd has already been found in
dental impression materials, such as alginate [17,18], in
pigments of acrylic resin, amalgam, orthodontic alloys [19],
in Portland and MTA-based cements [20,21], as well as,
in gutta-percha points [22,23]. In this regard, although
Flachsenberg and Hiilsmann [24] have showed the absence
of Cd in human periapical tissues after apicoectomy of teeth
with root canal fillings, this toxic heavy metal, when present
in the endodontic materials/substances, might overflow to
the periapical tissues, being harmful to people.

In endodontics, the irrigation of root canal with sodium
hypochlorite (NaOCl) might be potentially dangerous to
patients, dentists and dental staff. Because of the adequate
properties of NaOCl, (ability to reduce surface tension,
ability to neutralize toxic products, double detergent action,
lubricant and clarifier action and, mainly, its capacity to
solubilize organic tissues and its broad antimicrobial
spectrum), this substance is widely used and it is considered
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as a first choice irrigation solution in most countries [25].
NaOCl solutions used in root canal treatment are composed
of several metals, however, to the best of our knowledge,
there is no study regarding the presence of Cd in these
solutions.

Considering the clinical relevance of the presence of Cd
in dental instruments/materials/substances, being able to
contaminate patients and staff, added to the lack of studies
investigating Cd in NaOCI irrigating solutions, this study
aimed to verify, by Anodic Stripping Voltammetry (ASV)
test, the presence/absence of Cd in 2.5% NaOCI solutions
proceeding from different origins. A secondary aim was to
assess the chlorine content of those solutions.

The null hypothesis tested was that the amount of Cd
encountered in all samples tested was below the permissible
limits stated by local legislation.

METHODS

Samples acquisition

Three samples of 2.5% NaOCI proceeding from different
origins were analyzed in regard of the presence/absence of
Cd. If Cd were present, the amount was recorded (percentage).
The origins of the solutions were: i) hand manipulated at a
pharmacy, ii) industrialized and commercialized at a dental
supply store, and iii) industrialized and commercialized at
a grocery supermarket.

The 2.5% NaOCI solutions brands were as follows:
i) Bulla® Manipulation, Porto Alegre RS, Brazil, batch
reference number: 097213, date of manufacture: 01/24/2014,
expiry date: 07/23/2014; ii) lodontosul® Industrial
Odontologica do Sul Ltd., Porto Alegre RS, Brazil, batch
reference number: 1406, date of manufacture: 01/22/2014,
expiry date: 01/22/2015; and iii) QBoa®, Osasco SP,
Brazil, batch reference number: 0079, date of manufacture:
01/13/2014, expiry date: 07/12/2014.

Anodic Stripping Voltammetry test (ASV) &
Oxidation-Reduction Titration method (OR)

ASV test was performed to verify presence/absence and
the amount of Cd in 2.5% NaOCI solutions. The samples
were analyzed using the differential pulse anodic stripping
voltammetry technique with the following parameters:
scanning between 0.8V and 0.2V and speed of 0.06 V.

OR method was performed to quantify the available
chlorine. This method, also called Iodometric Titration, is
very non-specific for oxidants and it is used for total chlorine
testing at levels above 1 mg/L Cl,. OR method is described at
the British pharmacopoeia (https://www.pharmacopoeia.com).

For both tests, each sample was subjected to analysis in
triplicate. Data were reported descriptively.

RESULTS

ASV test showed the presence of Cd in all samples
analyzed. The Cd amount and the amount (percentage) of
available chlorine are shown in Table 1.
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Table 1. Cadmium (Cd) amount (mg/L) and amount (%) of available chlorine for the NaOCI solution proceeding from different origins.

Oxidation-Reduction Titration

Anodic Stripping Voltammetry

Cd permissible limits stated by

Origin of 2.5% NaOCI solution method (OR) test (ASV) the legislation from where the
Available chlorine (%) Cd amount (mg/L) study was conducted (mg/L)
Pharmacy 1.15 0.14
Dental supply store 1.52 0.13 0.01
Supermarket 2.24 0.14
DISCUSSION The excessive amount of Cd present into NaOCl solutions

This study was motivated by the extreme clinical
importance that the presence of Cd into NaOCI solutions
has on the deterioration of human health, being a potential
hazard for patients, dentists and dental staff. The inexistence
of studies addressed to this subject prompted us to conduct
this preliminary investigation, which arose the possibility to
foster further research expanding this topic.

This investigation showed that all samples presented
levels of Cd much above the permissible limits stated by
the Brazilian legislation, which rejects the null hypothesis.
Additionally, the amount of available chlorine was lower
than expected for all samples, mainly, for the pharmacy and
dental supply store solutions.

NaOCl solutions industrialized and commercialized at
supermarkets (used as a domestic bleach) are manufactured
with the water from the city supplier, which is rich in
metallic ions. On the other hand, the solutions prepared in
laboratories (from the pharmacy and dental materials stores)
are manufactured with bi-distilled water, which is a poor
source of heavy metals. In this regard, NaOCl solution from
the supermarket should have higher amount of Cd when
compared to the pharmacy and dental materials solutions.
However, this fact was not shown in this study.

Because of the inexistence of studies that investigates
Cd in NaOClI solutions, the Cd concentration in several
dental materials may work as a parameter for our results.
A study measured 0.017% and 0.025% of Cd-mass in two
different commercial brands of alginate commercialized in
Australia [17]. More recently, authors measured the Cd
content in MTA-based cements, showing the following
results: 0.10+£0.01 p.p.m (which means 0.00001%) in Ortho
MTA and 0.16+0.01 p.p.m (which means 0.000016%)
in ProRoot MTA [21]. Another investigation measured
the amount of Cd in mg/kg: 2.97+0.23 in Grey Portland
cement; 2.094+0.04 in Grey ProRoot MTA; 0.35+0.28 in
White Portland cement and 0.23 + 0.19 in White ProRoot
MTA [20]. Moller and Orstavik [22], studying gutta-percha
points stated that the presence of Cd up to 0.6% is notable
for several reasons, including its high toxicity and the
possibility to impair physical and chemical properties of
any biomaterial. For gutta-percha points, the source of Cd
may appear as a contamination with zinc, or it may be added
as a color pigment intentionally.

is a concern for patients having endodontic treatment because
the solution contacts with the root canal system and it stays
very close to the periapical tissues.

Although the protection of the patient with the rubber
dam during the endodontic procedures, accidents with
NaOCI can occur [26], leading the patient skin, mucosa
and dental tissues directly exposed to the toxicity of Cd.
When an accidental injection of NaOCI beyond the apical
foramen occurs, the Cd might cause injuries to the patient’s
periodontal ligament, cells, connective tissue, bone etc [27].
The toxic effects of Cd on the cells derived from the human
periodontal ligament have been demonstrated by the
inhibition of cell growth [28]. Additionally, the susceptibility
of the periodontal ligament to the effects of Cd contamination
was showed in juvenile rats that ingested Cd during the
breastfeeding period: narrowing of the periodontal ligament
space, disorganization of the connective tissue and blood
vessels, with less collagen fibers and more connective tissue,
characterizing an edema situation [29]. Although a previous
study have showed absence of Cd (proceeding from gutta-
percha and endodontic sealers) in the periapical tissues
of patients with root canal fillings [24], it is important to
highlight that this situation is different from an overflow
of NaOCl into the periapical region. A NaOCI solution is
a liquid substance, different from the obturation materials,
so, the contamination of patient's tissues with heavy metals
might be much more likely to happen with the use of NaOCl
solution.

Accidents with NaOCl solutions might possibly promote
atrophy in the patient's skin and mucosa cells, being the Cd,
an additional aggravating factor for the irritability of the
NaOClI. Even though the available evidences have not been
studied the effects of the direct contact of Cd-containing
substances at skin and/or mucosae, authors showed epithelial
atrophy in newborn rats’ oral mucosa as a result from
21 days of ingestion of 300 mg/L Cd-chloride by the adult
mother [30].

The lower amount of available chlorine measured
compared with the amount stated by the product label
has already demonstrated by other researchers, when
they investigated NaOCI solutions commercialized in the
Netherlands [31]. This study showed that the amount of Cd
was similar between the solutions with different percentage
of available chlorine (1.15% NaOCL from the pharmacy had
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0.14mg/L of Cd, while 2.24% NaOCl from the supermarket
had also 0.14mg/L of Cd). It can be hypothesized that the
chlorine concentration does not have importance regarding
the Cd amount, at least in part, for that NaOCI solutions
commercialized in the region where this experiment took
place.

Inhalation of NaOCI solution, and, consequently
inhalation of Cd, is probable to occur when the rubber
dam is not appropriately positioned over the patient’s nose.
It is known that the inhaled Cd is absorbed in a higher
amount that the swallowed Cd [32], leading to disruption
in mitochondrial functions [33] and interfering with the
transportation and metabolism of other metals that are
important to the human body, such as, iron and copper [34].
It is essential to know that the permissive limit of Cd
in drinking water is very low, and it should not exceed
0.003 mg/L. according to the World Health Organization.
The total intake of cadmium should not exceed 1 pg/kg of
body weight per day [35].

The ASV test used in this study is very sensitive and
reproducible method for trace metal ion analysis in aqueous
media. Approximately 12-15 metal ions can be tested
through this method. Additionally, ASV analysis is useful
to detect heavy metals in very diluted solutions [36,37].

CONCLUSIONS

In sum, this preliminary study, in spite of the small
number of samples analyzed, was able to inform dental
professionals and researchers in relation to the high amount
of Cd encountered in NaOCI solutions, which is potentially
dangerous to people. This finding should be a reason for a
more meticulous inspection and control of NaOCl solutions
manufactured by Brazilian companies/corporations.
Moreover, this study was the first one to measure the Cd
amount in NaOCl solutions used in endodontic daily practice,
as well as, to present the ASV test as suitable to investigate
heavy metals in NaOCl solution. Our investigation is pioneer
and foster further research to study not only different origins
and concentrations of NaOCl solutions, but also, other types
of irrigating, solutions
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