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resin-modified glass ionomer, compomer and 
resin-based composite (RBC).2 Currently, 
dental amalgam remains a popular restorative 
material that is used throughout the world in 
large quantities with approximately 75 tonnes 
per year being used within the EU alone.3 
Worldwide, dental amalgam and RBC are 
the most commonly used direct-placement 
dental restorative materials. The decision to 
use amalgam instead of RBC to restore a tooth 
is often based on the perceived disadvantages 
of RBC. These disadvantages include a require-
ment for adjunct technologies and equipment 
(eg dental dam and light curing units), longer 
placement time, higher material costs and a 
less predictable functional longevity compared 
with dental amalgam.4-7 Notwithstanding, in 
light of the advice of the Minamata Treaty 
and regardless of the restorative credentials of 
dental amalgam, its environmental impact due 
to mercury release means ongoing use is time-
limited. An eventual cessation of use of dental 
amalgam is in the foreseeable future, with a 
predicted increase in use of the obvious alter-
native, RBC. This raises an important question; 
what are the environmental credentials of 

Introduction

The decision-making process for the clinical 
use of a dental restorative material is made in 
accordance with the material’s ability to restore 
the structure and/or the aesthetic appearance 
of the teeth and in doing so, impart a net 
therapeutic effect. Subjective parameters such 
as the clinician’s personal choice, skill base 
and the cost of the material are also considera-
tions made in this decision-making process. 
The potential impact upon the environment 
from the use of dental materials has been a 
minor consideration to date, with much of the 
focus centred on the use of dental amalgam.1 
Dental amalgam is a direct-placement restora-
tive material with other materials in this 
category being calcium silicate, glass ionomer, 

Direct-placement dental restorative materials include dental amalgam, glass ionomer, resin-modified glass ionomer, 

compomer and resin-based composite (RBC). The choice of restorative material is determined by its ability to restore the 

structure and/or the aesthetic appearance of the dentition and to impart a net therapeutic value. In this way, the most 

appropriate material system is chosen to manage each particular clinical situation in the most effective manner. The most 

commonly used direct-placement materials in everyday modern dentistry are dental amalgam and resin-based composites. 

To date, concerns about the environmental impact from the use of dental materials has focused on dental amalgam and 

mercury release. It is now evident that the continued use of dental amalgam is time-limited on the basis of environmental 

pollution as recommended by the Minamata Treaty. The recommendations include a planned phase-down of use of dental 

amalgam with an anticipated complete phase-out by 2030. The environmental impact of other restorative dental materials 

deserves further consideration. This article provides a detailed overview of the environmental issues associated with the use 

of dental amalgam, the potential environmental issues associated with the alternative resin-based composite restorative 

materials and to consider recommendations for further research.

the alternative direct placement restorative 
materials and RBCs in particular?

The reality is that, as per any manufactured 
item, all dental restorative materials have a 
potential pollutant effect on the environ-
ment. This will be associated with the fab-
rication process, transportation, clinical use 
and disposal of waste material. In addition 
following the death of a person who has these 
restorative materials in their dentition, con-
stituents are released into the soil or atmos-
phere, following interment or cremation 
respectively.

As stated, to date dental amalgam has 
received the most attention as a source of envi-
ronmental pollution from dentistry on account 
of the mercury content of this material. Resin-
based composites, by contrast, have not been 
considered in this context. This is possibly due 
to a focus on mercury release from amalgam, 
the knowledge that heavy metal pollution is a 
serious, recognised issue, and perhaps a percep-
tion that RBCs are inert plastic materials and 
as such not considered to be an environmental 
hazard. This view is possibly reinforced by virtue 
of the natural tooth-like appearance of RBC, 
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An overview of commonly used dental materials 
and the impacts of their use on the environment 
is presented.

Environmental pollution pathways are considered for 
both amalgam and resin-based composite.

Microplastic pollution from dental resin-based 
composite applications is highlighted.
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often marketed to the profession with a healthy 
lifestyle connotation that may suggest that it is 
less harmful than a metallic dental amalgam 
restoration and therefore less likely to cause 
environmental pollution.8 Clearly, there is a pro-
fessional responsibility to ensure that one envi-
ronmental pollution problem, mercury released 
from amalgam, is not replaced with another. 
There is little available evidence regarding the 
environmental fate of RBCs and its constituent 
parts as they inevitably find their way into the 
environment; this may be from either the release 
of constituent monomers or the reactive plastic 
microparticles.9

Pollution can be described as the introduction 
of contaminants into the natural environment 
with a resultant adverse change. Historically, 
environmental pollution starts with the release 
of seemingly innocuous pollutants that over 
time build to a point where a critical threshold is 
exceeded causing unforeseen consequences. The 
mechanisms by which pollution occurs from the 
use of dental amalgam and RBC can be referred 
to as pollution pathways. A better understand-
ing of these pollution pathways would aid in the 
development and implementation of mecha-
nisms that seek to provide advice and create the 
policies and strategies for pollution reduction.

It is fair to state that, in the overall global 
scheme of the real and potential pollutants 
that afflict our planet, pollution from dental 
restorative materials is likely to have a negli-
gible effect and as such, we should focus on 
the management of greater environmental 
pollution problems. However, the counterargu-
ment to this is that every industry has a social, 
moral and ethical responsibility to manage the 
environmental impact of its own technologies, 
materials and overall footprint. Dentistry has 

the opportunity and ability to participate by 
critically reviewing and managing the effect 
of its industry on the environment.

This article aims to provide a detailed 
overview of the environmental issues associ-
ated with the use of dental amalgam and the 
alternative resin-based composite restorative 
materials, including recommendations for 
further research.

Dental amalgam

Dental amalgam is used to restore posterior 
teeth as it can be placed relatively efficiently to 
produce durable, high-strength restorations with 
good marginal integrity and longevity (Fig. 1.)6 
Until the 1990s, amalgam was the predominant 
material used for restoring posterior teeth and 
as such has enjoyed a long and successful status 
in the dental armamentarium. Dental amalgam 
is an alloy of mercury, silver, copper, zinc and 
tin, and has been used as a dental restorative 
material for over 150 years.10 Since its inception, 
the mercury content of dental amalgam has 
made it a contentious material from both a 
health and environmental perspective. 

Mercury is a naturally occurring heavy 
metal in the form of cinnabar, and is released 
into the environment via natural events such as 
volcanic eruptions and anthropogenic activi-
ties such as dental treatment using amalgam, 
coal combustion, industrial processes such 
as chloralkali production and artisanal gold 
mining. Upon environmental release, mercury 
can accumulate in waterways and sediment, 
where it is methylated via microbial processes 
into highly toxic methylmercury, allowing 
access to food webs via ingestion by low-order 
organisms. Subsequent bioaccumulation 

and biomagnification of methylmercury in 
predatory long-lived fish, such as tuna, can 
then occur. Human consumption of such fish 
and therefore ingestion of methylmercury can 
impact upon human health. Methylmercury 
has been shown to have harmful effects 
primarily to the nervous system but also 
the cardiovascular, respiratory, immune and 
digestive systems.11 In addition, the develop-
ing nervous system is much more sensitive to 
methylmercury than the adult nervous system, 
with profound debilitations such as blindness, 
deafness, microcephaly and gross motor and 
mental impairment possible with exposure.12,13

The high inorganic mercury content of 
amalgam has previously led to various countries 
raising concerns from an environmental per-
spective, with recommendations made by the 
Swedish Parliament in a legally nonbinding 
resolution effective from January 1997, against 
the use of dental amalgam for environmental 
reasons. Between 2008  and 2009, Norway, 
Sweden and Denmark banned the use of 
amalgam largely on environmental grounds and 
other countries, including Germany, Finland, 
Netherlands, Italy, Spain and Austria, have made 
similar recommendations restricting the use of 
dental amalgam for environmental reasons.14

The need for international regulation to control 
the use and environmental fate of mercury was 
promoted by the United Nations Environment 
Programme (UNEP) concluding in the creation 
of a global legally binding treaty signed in 
2013, known as the Minamata Convention on 
Mercury.15 This treaty seeks to provide controls 
and reductions across a range of products, 
processes and industries where mercury is used, 
released or emitted. It is named after the city in 
Japan where residents suffered debilitating and 
lethal health effects due to mercury pollution in 
the mid-twentieth century.16

The Minamata Convention on Mercury of 
2013 advised the global phase-down of dental 
amalgam on the basis of potential anthropogenic 
mercury release into the environment from its 
use. The UNEP Global Mercury Assessment of 
2013 revealed that in 2010 an estimated 270–341 
metric tonnes of mercury globally was derived 
from the use of dental amalgam. This accounted 
for 20% of global mercury consumption in 
products overall.17 The UK is one of 140 signa-
tories that have agreed to this phase-down of 
dental amalgam and to promote alternatives. In 
order to implement the Minamata Convention, 
the EU has drawn up legally binding legisla-
tion; however, dental amalgam is not included 
in this legislation and its use is currently being 

Fig. 1  Dental amalgam restorations
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examined separately under the auspices of the 
European Commission.18 August 2017 marked 
the ratification of the Minamata Convention, 
with various stipulations set in motion to take 
effect in the very near future, mirrored by EU 
regulations. By July 2018 restrictions will be 
in place on amalgam use in deciduous teeth, 
for children under the age of 15 years, and for 
pregnant and breastfeeding women unless there 
are specific medical needs. In addition, by July 
2019 member states must have a plan for the 
phase down of amalgam and by the end of June 
2020 reporting will take place on the feasibility 
to phasing out amalgam completely, prefer-
ably by 2030. The ratification of the Minamata 
Treaty recognises that a suitable timeframe must 
be put in place, and from a dental perspective 
the success of meeting these deadlines relies 
upon the universal use of equivalent alternative 
materials that do not contain mercury.

Environmental pollution pathways of 
dental amalgam
As highlighted, the primary compound 
of concern with regards to environmental 
pollution from dental amalgam is mercury. 
Naturally occurring elemental mercury is 
toxic and is distributed throughout the envi-
ronment by both natural and anthropogenic 
processes. Most people have some exposure to 
elemental, inorganic or methyl mercury as a 
result of normal daily activities.19 Mercury from 
dental amalgam can be deposited into the soil, 
atmosphere, surface water and groundwater. 
The main release mechanisms of mercury into 
the environment from dental amalgam are via 
wastewater discharge from dental practices and 
emissions into the soil, watercourse and atmos-
phere, and from the interment or cremation of 

cadavers with amalgam fillings.20 Excretion of 
trace amounts of mercury from individuals with 
dental amalgam restorations into sewage is an 
additional environmental release mechanism. 
During masticatory function amalgam-derived 
mercury is released from restorations with an 
eventual fate of excretion via urine and faeces. 
Parafunction such as bruxism and habits such as 
chewing gum have been demonstrated to result 
in the release of higher amounts of mercury 
vapour, increasing the amount absorbed and 
therefore excreted.21 The extent of excretion 
of mercury in urine is related to the exposure 
from dental amalgam in a dose-dependent 
fashion, or simply put, the greater the number 
of amalgam surfaces, the higher the excretion 
rate.22 The amount of mercury released from 
individuals with dental amalgam restorations 
via this pollution pathway on an individual basis 
is minimal. It has been reported for a patient to 
excrete more than the accepted safe biological 
mercury concentration of 30 mg/g creatinine 
over 450 amalgam surfaces would be required.23 
However, it is worthy of note that in the USA 
alone, between 1988  and 2008  an estimated 
one billion amalgam restorations were placed.24 
Therefore, it is clear that the constant small 
release events of amalgam-derived mercury 
into the environment via human waste, when 
increased to the scale of billions, is a significant 
pollution pathway.

The Danish Environmental Protection 
Agency estimated that in 2001 approximately 
1,200 kg of mercury was used in dental res-
torations.25 From this value it was estimated 
that between 190 and 269 kg of mercury was 
discharged into wastewater, and that emissions 
into the air and soil due to cremation and 
burial were approximately 170 kg and 70 kg 

of mercury, respectively. For every 90,000 kg 
of mercury used in amalgam restorations, it 
is estimated that 100 kg of mercury enters the 
environment.26

To reduce the amount of mercury released 
from dental amalgam into the environment, the 
dental profession has adopted best management 
practices for the handling and disposal of waste 
amalgam. These include the use of chair-side 
traps, amalgam separators compliant with ISO 
11143, inspecting and cleaning traps, and using 
a commercial waste disposal service to recycle 
or dispose of the amalgam collected. Dental 
practices in the UK are required by law to use 
amalgam separators.27 These have been shown 
to reduce the amount of mercury in wastewater 
by 90% in comparison to practices not using 
separators.28 This highlights that around 10% 
of mercury from amalgam is released into 
sewage via wastewater from dental practices. 
This released mercury is deposited in sludge at 
wastewater processing plants where further pro-
cessing and removal of heavy metals occurs. It is 
estimated that the combined effect of amalgam 
separators and purifying plants removes 99% of 
mercury in wastewater before release into the 
natural environment.29

The release of mercury into the air from the 
cremation of cadavers containing amalgam 
restorations can be reduced by the use of 
selenium chimney filters.28 Notwithstanding, 
the emission of mercury via cremation is 
increasing, as this becomes a preferred method 
particularly in the UK, for the disposal of 
human cadavers.30 Depending on the size and 
number of amalgam restorations an estimated 
0.25 g to 1 g of mercury is released per cadaver 
cremated.31 It is interesting to note that an 
average fluorescent bulb contains 0.004 g of 
mercury, indicating the cremation of a cadaver 
with the average number and size of amalgam 
restorations equates to the disposal of around 
150 fluorescent bulbs.32 Even with a reduced 
number of amalgam restorations being placed, 
due to the amount of existing restorations in 
the dentitions of the populace, the release of 
mercury from cremation will persist. It has 
been predicted that mercury emissions from 
crematoria will rapidly increase until 2020, 
plateau around 2035; returning to the lower 
levels seen in 2000 by 2055.33

Resin-based composites

Currently the most appropriate alternative 
to dental amalgam used as a universal direct 
placement restorative material is resin-based 

Fig. 2  Dental resin-based composite MOD restoration
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composite (RBC) as shown in Figure 2. An 
increase in usage of RBC is anticipated concur-
rent with our changes in treatment ethos and an 
overall reduction of amalgam usage.34,35

RBC is used to restore all teeth within the 
dentition, with the added benefits of providing 
structural support on account of adhesive 
properties, conservative cavity preparation 
requirements, and an aesthetic, tooth-like 
appearance. The development of modern 
dental RBCs dates to the late 1950s and its use 
has increased significantly over the proceeding 
decades with a range of applications extending 
beyond its primary use as a direct restora-
tive material to other disciplines of dentistry 
including use as a cement and as an indirect 
restorative material.36-38 RBC consists primarily 
of an inorganic filler phase within an organic 
resin-based matrix phase. RBCs are used either 
in a paste form as a direct-placement restora-
tive material or in a pre-polymerised state for 
machining in CADCAM applications. When 
RBC is used as a direct-placement restora-
tive it is cured to a hard state via free-radical 
polymerisation using a high intensity light of a 
blue wavelength (450–490 nm). The main con-
stituents of the plastic resin matrix are typically 
methacrylate-based. Other components key 
to controlling the polymerisation reaction 
includes initiators, accelerators, inhibitors and 
photo-stabilisers (see Table 1).

The filler particles are generally inorganic 
silica and quartz and range in size from nano-
metres to hundreds of micrometres, making 
up 45% to 75% of the composite volume. These 
particles are embedded within the resin matrix 
and are chemically united to the resin phase via 
silane coupling. Filler particles are included to 
improve the physical properties of hardness, 
flexural strength, wear resistance, radiopacity 
and optical characteristics.

The biocompatibility of resin-based dental 
materials has been discussed in the literature.39 
Bisphenol A glycidyl methacrylate (BisGMA) 
is the most potentially harmful resin monomer 
to human health and the environment in 
modern RBCs by virtue of the constituent 
bisphenol A (BPA). There is in vitro evidence of 
the potential harmful effect to health from BPA 
and methacrylates from resin-based dental 
restorative materials.40-42 BPA is associated with 
health-related problems when critical levels are 
reached due to its oestrogen-mimicking prop-
erties.43 It has been hypothesised that exposure 
to BPA during early human development may 
be the underlying cause of genital tract abnor-
malities,44 childhood obesity,45 infertility, and 

an increased incidence of breast cancer over 
the last 50 years.46-48 The release of BPA from 
dental RBC and sealants has been reported.49 
While the concentration of BPA released from 
RBC may be minimal, it is detectable and its 
release from a dental source increases exposure 
above environmental background BPA levels. 
The effect of this is unknown; however there 
is recent evidence that a low-dosage BPA con-
centration of 0.5 μg/kg body weight (BW)/day 
(d), which is 8–10 times lower than the current 
preliminary European Food Safety Authority’s 
total daily intake of 4 μg/kg BW/d, was enough 
to effect bone formation, metabolic parameters 
and gene expression in developing rats.50,51 
The effect of BisGMA-containing RBCs and 
BPA release on developing humans therefore 
deserves further investigation.

In addition to BisGMA, triethylene glycol 
dimethacrylate (TEGDMA), a diluent used 
in the manufacturing of RBCs has also been 
shown to be of concern with regards to bio-
compatibility and potential toxicity. High-
performance liquid chromatography (HPLC) 
analysis indicates that TEGDMA is the 
major monomer released from experimental 

dental composite resins. TEGDMA leaches 
out of RBCs at concentrations that are toxic 
to monolayer cell cultures of epithelial cells. 
In-vitro studies in three-dimensional tissue 
engineered human oral mucosal models 
indicate that experimental RBCs containing 
high levels of TEGDMA cause significant 
mucotoxicity and increased the amount of 
the inflammatory cytokine IL-1 released from 
oral mucosal models.52 The concentration of 
released components from RBCs is dependent 
on the degree of polymerisation with a strong 
inverse relationship between the leaching of 
resin components from BisGMA-based com-
posites and monomer conversion.53 Put simply, 
the greater the degree of polymerisation of the 
material, the less elution of monomers occurs, 
with less potential biocompatibility or environ-
mental pollution concerns.

A characteristic of direct-placement RBCs 
is that they only reach a 60–75% monomer 
to polymer conversion, and as low as 30% at 
the base of a restoration.54 Conversely, factory 
polymerised RBCs, typically used as ingots for 
machined CADCAM restorations, have a much 
higher degree of polymerisation. Therefore 

Fig. 3 Waste single-use resin-based composite compules containing residual material

Table 1  The typical composition of RBC

Resin component (typical 
monomers)

Filler 
component Other common constituents

• BisGMA

(bis-phenol glycidyl di-methacrylate)

• UDMA

(urethane di-methacrylate)

• TEGDMA

(tri-ethylene glycol di-methacrylate)

• HEMA

(hydroxyethyl methacrylate)

Inorganic 
quartz and 
silica particles 
(silanated)

• Camphorquinone – initiator

• 4-dimethylaminobenzoic acid ethyl ester (DMABE) – 
accelerator

• 3,5-di-tert-butyl-4-hydroxytoluene (BHT) – inhibitor

• 2-hydroxy-4-methoxybenzophenone (HMBP) – 
photo-stabiliser
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the consequence of incomplete polymerisa-
tion of direct-placement RBCs over indirect 
CADCAM RBCs is the potential for outward 
leaching of these reactive chemicals.55,56 In 
summary, elution of the constituent monomers 
of RBC results from diffusion of unpolymer-
ised monomers out of the material, the hydro-
lytic degradation of RBC or as a manufacturing 
contaminant.57

It is clear that RBCs are not inert plastic 
materials and they have an environmental 
impact associated with the release of the resin 
monomer components. Importantly there is 
a lack of studies addressing the role of these 
released components as potential environmen-
tal pollutants.9

Environmental pollution pathways of 
resin-based composites
Potential environmental pollution caused 
by dental RBC reflects the lifecycle of the 
material. Dental RBC is produced on an indus-
trial level and the disposal of waste material 
from the manufacturing process is the first 
potential pollution event. Waste composite 
from manufacturing is disposed of in landfill 
sites presumably after polymerisation but 
this is difficult to verify from manufacturers. 
Similarly, RBC from dental surgeries that has 
expired and excess unused composite within 
discarded compules and syringes is considered 
as municipal solid waste and consequently 
disposed of in landfill sites (Fig. 3). When 
disposed of in this way, landfill leachate can 
react with RBC allowing the release of its com-
ponents. Landfill leachate is formed when pre-
cipitation percolates through the contents of a 
landfill site promoting and assisting decom-
position processes facilitated by bacteria and 
fungi. The temperature, pH and oxygen content 
of the landfill leachate solution change over 
time, affecting the reactivity of the solution. 
In a landfill site that receives a mixture of 
commercial, municipal and mixed industrial 
waste, a leachate composed of organic matter, 
inorganic ions and cations, heavy metal ions 
and xenobiotic compounds including persis-
tent organic pollutants (POPs) will arise. This 
reactive leachate has the potential to allow 
breakdown and release of RBC into con-
stituent components including monomers, 
oligomers and BPA.58 The United States 
Environmental Pollution Agency (USEPA) 
Office has proposed, through computer 
simulations, that potential contamination 
of the environment from dental composites 
can only arise from accidental release during 

transportation of dental waste or malfunction 
in landfill liners.59 In the UK there is concern 
regarding the location of coastal landfill sites 
and potential failure of containment due to 
coastal erosion.60 It is estimated that in the 
UK there are over 1200 historic landfill sites 
in areas at risk of coastal erosion or in flood 
plains.61 Therefore it should be considered that 
the disposal of RBC in similar landfill sites has 
the potential to allow environmental pollution 
in the future should landfill sites fail, flood or 
be lost to the sea via coastal erosion. This risk 
would be mitigated if RBC were disposed of 
via incineration.

The release of composite components 
into the environment also occurs during 
clinical application. When these materials are 
shaped, finished and polished after placement 
or removed from teeth, particulates and 
microparticles containing part-polymerised 
monomer are released into wastewater. These 
waste particulates eventually reach the envi-
ronment. In addition, there is an increasing 
trend to use highly polymerised RBC for 
the fabrication of crowns, inlays and onlays 
through subtractive CADCAM milling of 
blanks that create a fine micro-particle waste 
powder in large volumes, which is also released 
into municipal wastewater. Microparticulate 
and particularly microplastic pollution is a 
growing concern in the public arena regarding 
the potential pollutant effect of plastic micro-
particles from sources such as cosmetic face 
scrubs and the laundering of synthetic fibre-
based clothing.62

Microplastics are defined as plastic particles 
smaller than 5 mm and represent an increasing 
proportion of plastic debris released into the 
environment.63 Microplastics not only act as 

direct pollutants, there is also evidence that 
they can attract and bind to biotoxins known 
as persistent organic pollutants (POPs) such as 
polychlorinated biphenyl (PCB).64 It is specu-
lated that adsorption of POPs to microplastics 
increases the possibility of access to the food 
chain via the process of bio-accumulation.65 
Ingestion of microplastics has been docu-
mented in plankton, barnacles, mussels, fish 
and seabirds.66  Microplastic particles are found 
in many species of North Sea fish including 
popular edible species such as haddock, cod 
and herring.67  Methods of detection and quan-
tification of microparticles are improving to 
help better understand this phenomenon.68 
The dangers of ingestion of particles by marine 
life are four-fold: toxicity from ingesting the 
particle itself, contaminants leaching from the 
microplastics, ingestion of attracted pollutants 
bound to the microplastics and accumulation 
of particles within the organism. Additives 
associated with microplastics, such as the afore-
mentioned RBC contaminant BPA, can poten-
tially affect the endocrine systems of aquatic 
organisms, impacting mobility, reproduction 
and development. BPA is a known endocrine 
disruptor in fish, crustaceans, and inverte-
brates, and has been shown to cause whole-
body and molecular effects at concentrations in 
the ng/L to mg/L range.69 The potential effects 
on organisms, including humans, within food 
webs is unknown. Therefore the release of 
part-polymerised microparticles from a dental 
source is a potential significant environmental 
issue because of the greater monomer release 
due to the surface area of the microparticles 
(Fig. 4).

Once used to restore a tooth, RBC resto-
rations leach unpolymerised monomer to 

Fig. 4  Waste RBC particulates from CADCAM applications
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detectable levels for months after placement.70 
These monomers are detectable in saliva and 
urine, and it is therefore accepted that leached 
monomers of dental composite are released 
into the environment via human excretion 
after dental procedures involving RBC.49,71

In a manner akin to dental amalgam, 
there are clear potential environmental 
pollution pathways for RBC when individu-
als treated with dental composite are interred 
or cremated. RBC monomers in the mouths 
of these patients will have the potential to be 
released via exposure to groundwater and from 
crematoria waste and emissions.

Therefore, to summarise, the proposed 
potential release pathways of RBC particulates 
and monomers into the environment are:
• Manufacturing waste products disposed in 

landfill sites
• Unused waste material disposed in 

landfill sites
• Human waste after treatment with RBCs 

into wastewater and sewage
• Particulate waste from CADCAM milling 

of polymerised composite blocks dis-
charged into wastewater and sewage

• Breakdown products following the 
cremation or interment of a cadaver con-
taining dental RBC restorations, released 
into the air and ground water

• Particulate waste into water effluent from 
the surgery suction systems when RBC 
restorations are removed

• Particulate waste into water effluent when 
composites are finished or polished in 
the mouth.

Recommendations for further research to 
examine potential pollution caused by the use 
and disposal of RBC should focus on the above 
suggested release pathways. It must be noted 
that the extent of potential pollution from RBC 
directly relates to a number of factors and is 
concerned with both the chemical leachates 
and the microparticles. The degree of poly-
merisation of the RBC must be examined, as 
the more highly polymerised the RBC, the less 
free monomer is released. CADCAM-based 
RBC is highly polymerised and therefore 
the release of free monomer would be much 
less than conventional RBC, but conversely 
have an environmental impact through the 
disposal of the microparticles created during 
the milling process. The age of the material 
before exposure to the environment would also 
affect the amount of free monomer released 
from the material. It is anticipated that a RBC 

restoration that has been in situ for a number of 
years before removal from a tooth, or exposure 
to the environment through cremation or 
interment, would have already released the 
majority of free monomer contained within 
the material. This is in contrast to the finishing 
and polishing regimen of a newly placed resto-
ration, which would have a higher monomer 
release potential. Finally, the size of the par-
ticulates released and therefore the surface area 
of the released material will directly relate to 
the reactivity and elution of free monomers.

Conclusion

In conclusion, environmental pollution from 
the release of mercury from dental amalgam 
is a major concern, but one that is currently 
being addressed at an international level, with 
an expected phase-out of this material in the 
foreseeable future. RBCs have been identified 
as a clear environmental pollutant, with an 
impact arising from both the chemicals that 
leach out in the form of complex eluted resin 
components and the microparticles arising 
from everyday use during clinical placement, 
removal and CADCAM fabrication. The 
impact of RBCs is difficult to quantify due to 
their complex chemical nature. There is a need 
for a comprehensive research programme that 
sets out to investigate the nature, magnitude 
and effect of pollution caused by the release of 
eluates and micro-particulates in to the envi-
ronment arising from common RBCs.

Acknowledgements 
The authors gratefully acknowledge the financial 
support received from the Shirley Glasstone Hughes 
Trust Fund in the form of a research grant that has 
enabled the production of this paper and ongoing work 
by the research team into this field.

1. SCENIHR (Scientific Committee on Emerging and New-
ly-Identified Health Risks). Scientific opinion on the safety 
of dental amalgam and alternative dental restoration 
materials for patients and users (update). 29 April 2015.

2. Noort R V. Introduction to dental materials. Edinburgh: 
Mosby/Elsevier, 2013.

3. Regulation (EU) 2017/852 of the European Parliament 
and of the Council of 17 May 2017 on mercury, and 
repealing Regulation (EC) No 1102/2008. Available 
online at http://data.europa.eu/eli/reg/2017/852/oj 
(accessed March 2018).

4. FDI World Dental Federation. Use and future use of mate-
rials for dental restoration fdi advocacy toolkit. Available 
online at www.fdiworlddental.org/sites/default/files/
media/images/use_of_materials_english.pdf (Accessed 
March 2018).

5. Rasines Alcaraz M G, Veitz-Keenan A, Sahrmann 
P, Schmidlin P R, Davis D, Iheozor-Ejiofor Z. Direct 
composite resin fillings versus amalgam fillings for 
permanent or adult posterior teeth. Cochrane Database 
Syst Rev 2014; 31: CD005620. DOI: 10.1002/14651858.
CD005620.pub2.

6. Opdam N J, van de Sande FH, Bronkhorst E et al. Lon-
gevity of posterior composite restorations: a systematic 
review and meta-analysis. J Dent Res 2014; 93: 943–949.

7. Opdam N J, Bronkhorst, E M, Loomans B A, Huysmans 
M C. 12-year survival rate of composite vs amalgam 
restorations. J Dent Res 2010; 89: 1063–1067.

8. Mulligan S, Gibson B, Kakonyi G et al. The environ-
mental impact of dental materials: A sociological 
study. J Dent Res 2017; 96 (Spec Iss B): 48.

9. British Dental Association. Restorative materials and 
environmental pollution, BDA Evidence Summary. 
February 2013.

10. Aminzadeh K, Etminan M. Dental amalgam and multi-
ple sclerosis: A systematic review and meta-analysis. 
J Public Health Dent 2007; 67: 64–66.

11. Bates M. Mercury amalgam dental fillings: An epide-
miologic assessment. Int J Hyg Environ Health, 2006; 
209: 309–316.

12. Harada M. Minamata disease: methylmercury poison-
ing in Japan caused by environmental pollution. Crit 
Rev Toxicol 1995; 25: 1–24.

13. Ekino S, Susa M, Ninomiya T, Imamura K, Kitamura 
T. Minamata disease revisited: an update on the 
acute and chronic manifestations of methyl mercury 
poisoning. J Neurol Sci 2007; 262: 131–144.

14. Study on the potential for reducing mercury pollution 
from dental amalgam and batteries. Final Report. 
European Commission 2012. Available online at: 
www.ec.europa.eu/environment/chemicals/mercury/
pdf/final_report_110712.pdf (accessed March 2018).

15. UNEP Minamata Convention on Mercury Text and 
Annexes. United Nations, 2013. Available online at: 
http://mercuryconvention.org/Portals/11/documents/
Booklets/Minamata%20Convention%20on%20Mer-
cury_booklet_English.pdf (accessed March 2018).

16. FDI Dental restorative materials and the Minamata 
Convention on Mercury Guidelines for success-
ful implementation. Available online at: www.
fdiworldental.org/oral-health/dental-materials/mina-
mata-convention-on-mercury-guidelines-for-success-
ful-implementation.aspx (accessed March 2018).

17. AMAP/UNEP. Technical Background Report for the 
Global Mercury Assessment 2013, Arctic Monitoring 
and Assessment Programme, Oslo, Norway/UNEP 
Chemicals Branch, Geneva, Switzerland, 2013.

18. Study on EU Implementation of the Minamata Con-
vention on Mercury FINAL REPORT 30 MARCH 2015. 
Available online at: www.ec.europa.eu/environment/
chemicals/mercury/pdf/MinamataConventionImple-
mentationFinal.pdf (accessed March 2018).

19. IOMCC/UNEP/WHO. Guidance for identifying popula-
tions at risk from mercury exposure. UNEP DTIE Chem-
icals Branch and WHO Department of Food Safety, 
Zoonoses and Foodborne Diseases. Geneva, 2008.

20. Scientific Committee On Health And Environmental 
Risks (SCHER). Opinion on the environmental risks 
and indirect health effects of mercury in dental 
amalgam. 2008.

21. Dental amalgam: A scientific review and recom-
mended public health service strategy for research, 
education and regulation. Public Health Service U S. 
Department of Health and Human Services, January 
1993.

22. Skare I, Engqvist A. Human exposure to mercury and 
silver released from dental amalgam restorations. 
Arch Environ Health 1994; 49: 384–394.

23. Mackert J R Jr, Berglund A. Mercury exposure from 
dental amalgam fillings: absorbed dose and the 
potential for adverse health effects. Crit Rev Oral Biol 
Med 1997; 8: 410–436.

24. Final rule. Food and Drug Administration, HHS. Dental 
devices: classification of dental amalgam, reclassifica-
tion of dental mercury, designation of special controls 
for dental amalgam, mercury, and amalgam alloy. Fed 
Regist 2009; 74: 38685–38714.

25. Danish EPA. Mass flow analysis of mercury 2001. 
Environmental Project 926. 2004.

26. Cooley R, Berkmeier W, Lubow R. Evaluation of ability 
of various agents to suppress mercury vaporization. 
Clin Prev Dent 1985; 7: 29–32.

27. Department of Health. Environment and sustain-
ability. Health Technical Memorandum 07–01: Safe 
management of healthcare waste. 2013.

28. Chin G, Chong J, Kluczewska A, Lau A, Gorjy S, 
Tennant M. The environmental effects of dental 
amalgam. Aust Dent J 2000; 45: 246–249.

GENERAL

BRITISH DENTAL JOURNAL  |  VOLUME 224  NO. 7  |  APRIL 13 2018 547

Official
 
journal

 
of

 
the

 
British

 
Dental

 
Association. Official

 
journal

 
of

 
the

 
British

 
Dental

 
Association.



29. California Dental Association. Dental amalgam: Public 
health and the environment. 2016. Available online at 
https://www.cda.org/Portals/0/pdfs/policy_statements/
issue_amalgam.pdf (accessed March 2018).

30. YouGov UK. Majority of people want to be cremated 
when they die. 2016. Available online at: https://yougov.
co.uk/news/2016/08/16/majority-people-want-be-cre-
mated-when-they-die/ (accessed March 2018).

31. Rahill P. Mercury rising? Analyzing emissions and the 
cremation process. Cremationist 2008; 44: 6–7.

32. US Department of Energy. Information on compact 
fluorescent light bulbs (CFLs) and mercury. Washington 
D C: U S. Department of Energy, 2010.

33. Mercury emissions from crematoria. Consultation on an 
assessment by the Environment Agency’s Local Authority 
Unit. DEFRA 2003. Available online at: webarchive.
nationalarchives.gov.uk/20100713193736/http://defra.
gov.uk/environment/quality/pollution/ppc/old-consulta-
tions/crematoria/consultation.pdf (Accessed 24 March 
2018)

34. Mackert J R Jr., Wahl M J. Are there acceptable 
alternatives to amalgam? J Calif Dent Assoc 2004; 32: 
601–610.

35. Labauve J R, Long K N, Hack G D, Bashirelahi N. What 
every dentist should know about bisphenol A. Gen Dent 
2012; 60: 424–432.

36. Bowen R L. Use of epoxy resins in restorative materials 
J Dent Res 1956; 35: 360–369.

37. Drummond J L. Degradation, fatigue, and failure of 
resin dental composite materials. J Dent Res 2008; 87: 
710–719.

38. Ferracane J. Resin composite - state of the art. Dent 
Mater 2011; 27: 29–38.

39. Moharamzadeh K, Brook I M, Van Noort R. Biocompati-
bility of resin-based dental materials. Materials 2009; 2: 
514–548.

40. Wada H, Tarumi H, Imazato S, Narimatsu M, Ebisu S. In 
vitro estrogenicity of resin composites. J Dent Res 2004; 
83: 222–226.

41. Wataha J C, Hanks C T, Strawn S E, Fat J C. Cytotoxicity 
of components of resins and other dental restorative 
materials. J Oral Rehab 1994; 21: 453–462.

42. Urcan E, Scherthan H, Styllou M, Haertel U, Hickel R, 
Reichl F X. Induction of DNA double-strand breaks in 
primary gingival fibroblasts by exposure to dental resin 
composites. Biomaterials 2010; 31: 2010–2014.

43. Staples C A, Dorn P B, Klecka G M, O’Block S T, Harris 
L R. A review of the environmental fate, effects, and 
exposures of bisphenol A. Chemosphere 1998; 36: 
2149–2173.

44. Skakkebaek N E, Meyts E R, Jorgensen N et al. Germ cell 
cancer and disorders of spermatogenesis: an environ-
mental connection? APMIS 1998; 106: 3–12.

45. Trasande L, Attina T M, Blustein J. Association between 
urinary Bisphenol A concentration and obesity preva-
lence in children and adolescents. JAMA 2012; 308: 
1113–1121.

46. Munoz de Toro, M M, Markey C M et al. Perinatal 
exposure to Bisphenol A alters peripubertal mammary 
gland development in mice. Endocrinology 2005; 146: 
4138–4147.

47. Lecomte S, Habauzit D, Charlier T D, Pakdel F. Emerging 
estrogenic pollutants in the aquatic environment and 
breast cancer. Sánchez L, ed. Genes 2017; 8: 229.

48. Wang Z, Liu H, Liu S. Low-dose Bisphenol A exposure: 
A seemingly instigating carcinogenic effect on breast 
cancer. Adv Sci 2017; 4: 1600248.

49. Kingman A, Hyman J, Masten S A et al. Bisphenol A and 
other compounds in human saliva and urine associated 
with the placement of composite restorations. J Am Dent 
Assoc 2012; 143: 1292–1302.

50. Lejonklou M H, Dunder L, Bladin E et al. Effects of low-
dose developmental Bisphenol A exposure on metabolic 
parameters and gene expression in male and female 
fischer 344 rat offspring. Environ Health Perspect 2017; 
125: 067018.

51. Lind T, Lejonklou M H, Dunder L, Rasmusson A, Larsson S, 
Melhus H, Lind P M. Low-dose developmental exposure to 
bisphenol A induces sex-specific effects in bone of Fischer 
344 rat offspring. Environ Res 2017; 159: 61–68.

52. Moharamzadeh K, Van Noort R, Brook I M, Scutt A M, 
Thornhill M H. Mucotoxicity of dental composite resins 
on a tissue-engineered human oral mucosal model. 
J Dent 2008; 36: 331–336.

53. Olea N, Pulgar R, Perez P et al. Estrogenicity of resin 
based composites and sealants used in dentistry. Environ 
Health Perspect 1996; 104: 298–305.

54. Ferracane J L, Condon J R. Rate of elution of leachable 
components from composite. Dent Mater 1990; 6: 
282–287.

55. Ruse N. D, Sadoun M J. Resin-composite blocks for 
dental CAD/CAM applications. J. Dent. Res. 2014; 93: 
1232–1234.

56. Moharamzadeh K, Van Noort R, Brook I M, Scutt A M. 
HPLC analysis of components released from dental 
composites with different resin compositions using 
different extraction media. J Mater Sci Mater Med 2007; 
18: 133–137.

57. Peutzfeldt A. Resin composites in dentistry: the mono-
mer systems. Eur J Oral Sci 1997; 105: 97–116.

58. Mulligan S, Fairburn A, Kakonyi G, Moharamzadeh K, 
Thornton S F, Martin N. 2573 - Optimal management of 
resin-based composite waste: landfill vs. incineration. 
J Dent Res 2017; 96 (Spec Iss 2): 2573.

59. Erdal, S, Orris P. Mercury in dental amalgam and 
resin-based alternatives: A comparative health risk 
evaluation 2012. Health Care Research Collaborative, 
Vol.10.

60. Cooper N J, Bower G, Tyson R, Flikweert J J, Rayner 
S, Hallas A. Guidance on the management of landfill 
sites and land contamination on eroding or low-lying 
coastlines 2012. CIRIA. ISBN: 978-0-86017-721-0.

61.. Brand J H. Assessing the risk of pollution from historic 
coastal landfills. Executive Summary for the Environ-
ment Agency by Dr James H. Brand and Professor Kate 
Spencer. London: Queen Mary University of London, 
2017. PhD thesis

62. Jon Ungoed-Thomas and Joseph Hook. Plastic in Nemo 
bubble bath poses threat to marine life. The Sunday 
Times. Published: 24 April 2016.

63. Barnes D K A, Galgani F, Thompson R C, Barlaz M. Accu-
mulation and fragmentation of plastic debris in global 
environments. Philos Trans R Soc Lond B Biol Sci 2009; 
364: 1985–1998.

64. Engler R E. The complex interaction between marine 
debris and toxic chemicals in the ocean. Environ Sci 
Technol 2012; 46: 12302–12315.

65. Tanaka K, Takada H, Yamashita R, Mizukawa K, 
Fukuwaka M, Watanuki Y. Accumulation of plastic-de-
rived chemicals in tissues of seabirds ingesting marine 
plastics. Mar Pollut Bull 2013; 69: 219−222.

66. Cole M, Lindeque P, Halsband C, Galloway T S. Micro-
plastics as contaminants in the marine environment: a 
review. Mar Pollut Bull 2011; 62: 2588–2597.

67. Foekema E M, Gruijter C D, Mergia M T et al. Plastic 
in North Sea fish. Environ Sci Technol 2013; 47: 
8818−8824.

68. Claessens M, van Cauwenberghe L, Vandegehuchte 
M B, Janssen C R. New techniques for the detection of 
microplastics in sediments and field collected organisms. 
Mar Pollut Bull 2013; 70: 227–233.

69. Cole M, Lindeque P, Halsband C, Galloway T S. Micro-
plastics as contaminants in the marine environment: a 
review. Mar Pollut Bull 2011; 62: 2588–2597.

70. P, König A, Hellwig E, Kümmerer K. Long-term release of 
monomers from modern dental-composite materials. Eur 
J Oral Sci 2009; 117: 68–75.

71. Sasaki N, Okuda K, Kato T et al. Salivary bisphenol-A 
levels detected by ELISA after restoration with composite 
resin. J Mater Sci Mater Med 2005; 16: 297–300.

GENERAL

548 BRITISH DENTAL JOURNAL  |  VOLUME 224  NO. 7  |  APRIL 13 2018

Official
 
journal

 
of

 
the

 
British

 
Dental

 
Association.


