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Abstract

Mercury is a heavy metal widely distributed in the world. Its impact on the environment and on human health is an ongoing concern. Despite
its high toxicity, mercury is subject of several uses. It is in particular the main component of dental amalgam used for more than a century to fill
decayed teeth. In order to protect human health and the environment against anthropogenic emissions and discharges of mercury and mercury
compounds, international organizations have established the Minamata Convention on Mercury. This convention is an international instrument
with provisions relating to the entire life cycle of mercury and its level of use around the world. The present work, which aimed to study levels of
use and conditions of management and elimination of mercury in dental practices in Dakar, falls within the framework of the initial assessment
of the Minamata Convention in Senegal.

The study was carried out in 30 public and private dental offices in Dakar region, chosen from a reasoned sampling. A semi-structured
interview made it possible to administer questions relating to the levels of use of dental amalgams, the production of waste contaminated
by mercury, the management of this waste and the knowledge of the dangers, the risks, and procedures for taking into account burden and
prevention of exposure.

The results obtained showed that dental amalgam remains the most used material, with 93.33% of dental offices using pre-dosed 2g mercury
capsules. A total of 132.74 amalgams are performed on average per practice per year. The total amount of mercury used by dental offices in
Senegal is estimated to be around 106.192kg per year. The management of waste containing mercury in the dental offices studied is problematic
insofar as the professionals of these structures do not have a specific plan and that only 3.33% of these dental offices have a manual for the
management of waste containing mercury. Among the health personnel met, 60% said they were aware of the effects of mercury on health.

These results show a still significant use of mercury and problems of management of amalgam waste in dentistry in Senegal. The plan
for implementing the Minamata Convention in Senegal should include training and awareness-raising for dentists for better adoption of the
guidelines.
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Context

Nowadays, human activities of all kinds have led to widespread
pollution. Pollution caused by the release of harmful substances
such as metals found in the environment and or in processed food
is an ongoing health concern. Some of these released metals have
a known biological role whereas others such as cadmium (cd),
mercury (Hg), arsenic (As) and lead (Pb) have no known biological
role and cause harmful effects even at low doses.

Mercury (Hg) is an element naturally present in the
environment, mainly resulting from volcanic actions, weathering
of rocks, forest fires, etc. [1]. The problem of the toxicity of Hg is
mainly justified by human activities resulting in the release of
large amounts of mercury into the environment, which can then
circulate freely for thousands of years [2-5]. Mercury pollution is of
international concern because of its considerable potential danger
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to the environment and public health [6-8]. The circumstances of
exposure and toxicity in humans are closely related to the state
of mercury, which exists in three chemical forms: elemental or
metallic mercury, inorganic mercury derivatives and organic
derivatives [9].

Worldwide regulation since 1980 of mercury consumption
and the efforts focusing on prevention, particularly in the
workplace, resulted in almost complete elimination of serious
mercury poisoning [10,11]. Exposure levels are certainly lower,
but the impact on health is debated and necessitates local and
global measures to reduce mercury releases and limit its in raw or
processed products [12]. In 2007, the World Health Organization
(WHO) recognized that the safety and sustainable management
of health care waste is an imperative public health issue and
a responsibility of all. However, in many developing countries
around the world, this alarm seems to be ignored [13].

Senegal is a country that neither produces or process mercury.
However, the presence of this metal in certain instruments
and materials in health structures (such as thermometers,
tensiometers) and its use in dentistry for the fillings of decayed
teeth, explain the possible risks of exposure and mercury
poisoning in healthcare settings.

Senegal is one of the countries that have signed and ratified
the Minamata Convention on Mercury. This global treaty aims
to protect human health and environment from the negative
effects of mercury. Thus, it benefited from funding from the
Global Environment Facility (GEF) for an Initial Assessment
of the Minamata Convention (MIA) in order to enable political
and strategic decision-making and to prioritize areas for future
interventions.

This work is part of this program, which aimed to study levels
of use and conditions for the management and elimination of
mercury in dental offices in Dakar (Senegal).

Methodology
Type and duration of the study

This was a retrospective descriptive study conducted on data
recorded in the period July 15, 2017, to August 10, 2017.

Study setting and population

Thirty dental practices (public and private) distributed in the
4 departments of the Dakar region (Dakar, Pikine, Guédiawaye
and Rufisque) participated in the study.

Selection criteria, sampling, and sample size

Themain criterion used for the selection of dental practices was
registration in the database of the Oral Health Division (Division
de la Santé Bucco-Dentaire) and obtaining the authorization to
practice for private individuals, granted by the ministry in charge
of health. Reasoned choice sampling made it possible to select the
most frequented services in the region. Finally, thirty (30) dental

practices (public and private) were selected in collaboration with
the Oral Health Division (Division de la Santé Bucco-Dentaire) of
the ministry in charge of health.

Variables studied, measurements and data collection

Variables relating to the use of mercury, the generation of
mercury-contaminated wastes and the management of these
wastes were studied. To do this, we inspired from the validated
WHO-Brazzaville Team’s questionnaire with sections collecting
data on type of selected practice, the level of mercury used
(or other metal), mercury-contaminated waste management,
knowledge, and training on mercury-waste management. At the
level of each dental office, a semi-structured interview targeted
the head of office, which allowed the investigator to directly fill
in the questionnaire in order to measure the level of mercury
use employed in dental offices in Dakar at the initial stage of the
Minamata convention.

Ethical issues

This study did not involve any direct risk neither for the
research team nor for the establishments’ personals appointed
by the authorities to answer the questions. In addition, the data
collected, although not concerning private life, were used by the
team within the framework of this study only or for any other
scientific use aimed at achieving the objectives of the Minamata
Convention, signed Senegal. A circular letter from the Minister of
Health and Social Action served as a passport to the authorities of
the various structures identified and to introduce the investigators
to the heads of the dental offices visited.

Data analysis

The EPI Info software, version 7.2 was used for the statistical
analyzes. Means and standard deviations were calculated for each
quantitative variable. The Mann-Whitney test was used to compare
groups; the significance level was set at p <0.05. The use of the
completed questionnaires made it possible to present results on
the distribution of dental offices visited, the health personnel
encountered, the type of dental restoration carried out, the use
and management of dental amalgam waste by health personnel,
mercury knowledge and training level on the management of
mercury-containing wastes.

Results
Distribution of dental offices visited

The distribution of dental offices of the study in Dakar
departments of is presented in (Figure 1). Of these offices, thirty-
three percent (33%) are private and 67% are public.

Health personnel encountered

The majority of health professionals met in dental offices
were dental surgeons (27/30). Senior health technicians (2/30)
and state nurses (1/30) were also found (Figure 2).
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Figure 1: Distribution of dental offices by department.
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Type of dental restoration performed

Several types of dental restorations were performed in the
dental offices of the study. Dental amalgams used are most often
in the form of pre-dosed capsules of 2g of mercury, suitable for
use for a single dental restoration. Twenty-eight (28) of 30 dental
offices (93.33%) used these types of dental amalgams. Almost
all these structures used other types of materials such as glass
ionomer cements and composites in addition to dental amalgam.
Indeed, 90% of private structures used these associations against
80% of public structures (without significant difference).

Use and management of dental amalgam waste by
health personnel

Amount of mercury used for dental amalgam

It was noted that dental offices perform an average of 34.42
restorations per month, or a little more than one restoration per
day. Public structures, with a monthly average of 42.00, achieved
much more than the private ones, which totaled an average of
30.22 (p < 0.05).

In form of pre-dosed capsules, an average of 132.74 amalgams
were used per practice per year (private and public combined).
This value does not take into account the use of bulk mercury
for restorations, the amount of which is not estimated by users.
Thus, when the quantities of pre-dosed capsules used are taken

into account, an average quantity of 265.48 g of mercury is used
per dental office and per year. By extending it to the number of
dentists officially registered with the Order and authorized to
practice in Senegal, which was 400, the total quantity of mercury
used by dental offices would be of the order of 106,192g, i.e.,
106,192kg per year for all dental offices in Senegal.

Collection and storage of dental amalgam waste

The waste found consists of mercury from old amalgams, pre-
dosed capsules, remaining liquid and amalgam powder. Half of
dental offices throw away amalgam waste with hazardous waste,
known as infectious waste. Public dental structures carry out
this practice more (70% of them) than private structures (40%)
(Figure 3). Study shows that 10% of public dental offices and 35%
of private dental offices eliminate mercury-contaminated waste
in bulk waste. Five percent (5%) of private dental practices and
50% of public dental practices place amalgam waste in a specific
container or container (Figure 4). All these differences in private
and public sector were significant (p < 0.05). But in all cases, all
the waste ends up in a wild landfill behind the buildings of the
dental offices or in the Mbeubeuss landfill (open dump).

Dental office staff were questioned about the existence of
specific procedures for managing dental amalgam waste and
about the existence of a place to store these amalgams. Only 3% of
the dental offices surveyed claimed to have specific procedures for
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the management of amalgam waste; they were all public cabinets have a storage place for dental amalgam and mercury (Figure
(Figure 5). Private dental offices do not have specific procedures 6) compared to only 10% of public offices with a significant

for the management of amalgam waste but 55% of them said they  difference (p < 0.05).

Ve

Amalgam waste with Amalgam waste with hazardous
hazardous waste waste

Figure 3: Fate of waste containing mercury (A: private sector; B = public sector).

Use of specific containers for
storage
YES

Use of specific containers for
storage

Figure 4: Use of specific containers for storage (A: private sector; B = public sector).

Figure 5: Existence of specific dental amalgam waste management procedure.

Figure 6: Availability of a storage place for dental amalgam and mercury.
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Mercury knowledge and training on the management
of mercury-containing waste

Knowledge of the different sources of mercury exposure was
also assessed and 53.33% of health staff in dental offices had a
notion of the different sources of exposure to mercury (16 out of
30 surveyed). Among the 20 private dentists, 65% answered yes
to the question (therefore have knowledge) while among dental
staff in the public sector, only 30% (3/10) had an idea about

the sources of exposure to mercury. These sources of mercury
exposure included the release of mercury from dental amalgams
into the oral mucosa, energy-saving lamps, and atmospheric
exposure through deposition on food crops. Dentists are generally
aware of the effects of mercury on the health of humans. Indeed,
60% of the practitioners questioned answered yes to this
question and the various ailments on human health mentioned
are presented (Figure 7).

4 B\
Toodc Alteration of Damage to Cancerogenic  Nephrotoxicity
mmunne nervous system
system
Figure 7: Knowledge of the effects of mercury on health.
& )

Most dentists (81%) state that they have never received
training in the management of waste contaminated by mercury
and the various stages of this management are not always known
or mastered. However, half of private dentists want to limit the
use of instruments containing mercury by adopting alternative
methods, while in the public, this project does not exist.

Discussion

The objective of this work was to study the levels of use and
the conditions of management and elimination of mercury in
dental offices in Dakar (Senegal).

Validity of results

It is possible that the results obtained suffer from some
selection and information bias due to the reasoned choice of
dental practices retained and the declarative data of health
personnel. However, these minimized biases cannot invalidate
these results obtained from data from sworn people (27 dental
surgeons, 2 senior technicians, 1 state nurse) invited by a circular
letter from their supervisory ministry. These results have enabled
us to note a still significant use of mercury in dental offices in the
Dakar region. This significant use of mercury has been observed
in Tunisia and Cameroon where dental amalgam constitutes one
of the main sources of biomedical waste from hospitals [14,15].

Waste management

The management of mercury-based materials has been
ensured mainly by dental surgeons. However, in three structures
outof thirty, senior health technicians and nurses were responsible

of management of the stock of material and waste, as was the
case in India [16]. The number of dental amalgam restorations
performed differs depending on the private or public status of
the dental offices visited. Estimate of the total amount of mercury
consumed or generated in terms of waste could not be performed
because values obtained do not consider use of bulk mercury in
restorations.

Dental amalgams generate waste that is managed in several
ways. Half of dental offices throw out amalgam waste with
hazardous waste. The concept of risky waste is relative, especially
since sorting at source, collection and transport are steps in waste
management that do not always take place correctly. Our study
shows that mercury-contaminated waste was, in certain case,
eliminated in bulk waste to be then transported to open dumps.
These practices were especially recurrent in public structures.

In addition, only 17% of the dental offices visited have a
biomedical waste management procedure manual and only
3.33% have a waste amalgam and mercury-containing waste
management procedure manual. A small percentage of staff
have received training in waste management in dental offices.
De facto, the dangers associated with the use of materials and
instruments containing mercury are not identified or assimilated
by professionals in dental offices.

Exposure and risk to humans and the environment

The most common risk of occupational exposure to mercury
is inhalation of vapors given off by liquid mercury. The lack of
proper cleaning of mercury spilled even in very small quantities,
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particularly because of dispersion of vapors and dust of metallic
mercury is often observed at the time of preparation for the
laying of amalgam, thus constituting a very important source of
exposure to this metal. Indeed, this air contamination exceeds the
recommended limit and can have serious health consequences
[17]. Because mercury vapor is odorless and colorless, it can be
inhaled insidiously and over long periods of time without any
immediate effects detected. However, it can happen that mercury
beads get lodged in cracks or adhere to porous materials such as
carpets, fabrics or wood and then be extremely difficult to remove.
When mercury has been spilled, traces may remain under the
shoes. If these soils are poorly cleaned and disposed of, patients
who are already debilitated and caregivers risk a dangerous
exposure [18].

As long as the mercury is trapped in the original material
(amalgam, thermometer, etc.), toxicity is reduced, and mercury
only becomes dangerous when it is released. Particular attention
has been paid in recent years to the risk of mercury poisoning in
the general population, linked to the wearing of dental amalgam
containing mercury, but also silver, copper, tin, and zinc. Indeed,
several studies have shown a release of mercury from dental
amalgams into the oral cavity, which is then inhaled and then
absorbed [19,20]. The disposal practices used are most often:
open burning, discharge into drains, routing, and burial of waste
in Mbeubeuss Lindfil, collection and storage with household
waste among many others. All these practices expose the general
population in addition to health professionals to the dangers
associated with mercury but also expose the environment.

When these releases reach the level of environmental
matrices, in particular water and soil, the methylation of Hg?
+ into methylmercury (MeHg) takes place by sulfato-reducing
bacteria. This organic form is subsequently bioaccumulated
especially by fish and biomagnified along the trophic chain with
high concentrations in large predatory fish. Thus, the piscivorous
fish located at the top of the food chain have a high concentration
of methylmercury. The general population consuming such fish
is then exposed to this organomercurial compound [21-23].
Improper disposal of mercury-containing wastes is tantamount
to exposing the general population to mercury through the food
chain. This participates in, animates, and even strengthens the
mercury cycle in the environment.

Level of application of the Minamata Convention

The goal of Minamata Convention is to protect human health
and environment from anthropogenic emissions and releases of
mercury. So, to this end, its provisions cover the entire mercury
life cycle, including controlling and reducing a wide range of
products, processes and industries that use, release, or emit
mercury. This is the reason why Minamata Convention prohibited
any country having ratified the said convention, control and use of
mercury-based devices (thermometers, tensiometers, etc.) from
2020. But this rule does not yet take dental amalgam into account.

WHO expert consultation held in 2009 [24] concluded that a
short-term global ban on dental amalgam would pose a problem
for public health and the dental sector. In contrast, phasing out
should be considered through the promotion of preventive
measures and alternatives to amalgam, research and development
of inexpensive alternatives, education of dental professionals and
public awareness.

In this dynamic, our study showed that majority of dentists
(60%) in Dakar have a plan to replace dental amalgam with
their alternatives (examples: glass-ionomers and composites).
Currently, there is no longer any doubt about the toxicity of
mercury because it has caused a lot of damage, especially in all
the continents [25,26]. But debate on dangers of dental amalgam
remains mixed as there is not yet unanimity on whether dental
amalgam represents a danger to human health or not. For reasons
of operating budget and technical resources, substitution of
mercury-based instruments has not yet been integrated into the
technical and administrative management plan of public dental
offices in Senegal.

On the other hand, in the general population, it is a chronic
exposure to very low-level mercury and the only demonstrated
effects of dental amalgam are local with inflammatory reactions
(pulpitis, lichen planus), disappearing within a few months after
removal of the dental fillings [10,27]. In some studies, no effect
on renal or neuropsychological function has been demonstrated
in children with dental amalgam [17,28]. In 2003, Afssaps set
up a working group with an exhaustive bibliographic analysis
on the state of knowledge on dental amalgam fillings. In a report
published in 2005 [10], no evidence of a causal relationship
between the presence of amalgams in the mouth and systemic
symptoms or pathologies could be provided. Nevertheless,
Afssaps recommends only based on the precautionary principle
that the insertion or removal of amalgam fillings be avoided during
pregnancy or breastfeeding [21]. Several epidemiological studies
have raised the hypothesis of a link between the wearing of dental
amalgams and the occurrence of neurodegenerative diseases,
such as amyotrophic lateral sclerosis, Parkinson’s disease,
and Alzheimer’s disease without providing epidemiological or
experimental evidence sufficient to demonstrate a causal link
[10,29]. But, given that mercury is undoubtedly toxic and that it
is contained in dental amalgams, the ideal is to avoid its use as a
precaution as recommended by Afssaps [10].

Minamata Convention was therefore drawn up with the
aim of limiting or even abandoning the use of mercury-based
products. However, for the limitation of the use of the latter to be
effective, it is necessary to have good information and awareness
on the risks of contamination of mercury-based devices among
all health workers (doctors, dental surgeons, pharmacists, ...). In
this regard, it is one of the objectives of the Minamata Convention,
information, public awareness, and education on the dangers
associated with mercury but also the training of health personnel
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on the identification of poisoning, symptoms of mercury poisoning
and possibly principles of treatment. According to our study, the
handling of amalgam is mostly done by dental surgeons. Thus, the
risk of mercury contamination is higher among them. However,
the risk to maintenance workers, patients and others who work
in the dental office environment should not be minimized. These
results are in line with what other studies have shown [12,15,16].

Conclusion

The mercury in dental amalgams combined with poor
management can be the source of intoxication, especially for
dental surgeons and their employees. The tendency for these
health professionals would be to replace dental amalgams with
alternative materials in the long or short term, which would join
the recommendation of the Minamata Convention to abandon
their use in favor of alternative materials. In public sector, we
noted more compliance with the guidelines of the Minamata
Convention, compared to private structures. This could be
explained by the fact that public dental offices are housed in
health structures (health center, hospitals) which generally
receive training in waste management. Management of mercury-
contaminated waste, adoption of an amalgam substitution plan,
acquisition of knowledge about mercury and its effects on health
and environment are elements that are better integrated in the
public sector than in the private sector. This observation suggests
a better harmonization of axes of awareness and communication
on Minamata Convention but also a more effective involvement of
private sector in adoption and implementation of the conventions
in different countries. This present work should therefore be
continued to see the evolution of the practices of dental surgeons
according to the recommendations of the Minamata Convention.
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