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Abstract:

Damage to the environment is without a doubt one of the most important problems facing society today. As dentists,
we need to be aware that some of the procedures and methods we've been using may be bad for the environment.
The release of heavy metals from dental equipment and the use of electronic devices pollute the environment and
pose a serious threat to the ecosystem. Nanotechnology is a growing field that is being studied in depth to clean up
pollution. This is because nanosized particles have unique properties. Since nanoparticles have a high ratio of
surface area to volume and are much more reactive, they have been thought of a lot for cleaning up the environment.
This review looks at the sources of heavy metals and how they affect the environment in dentistry. It also looks at
how nanoparticles can be used to clean up the environment. Even though the literature on the different uses of
inorganic nanoparticles in environmental remediation has been reviewed, the research is still limited to lab settings,
and more research is needed on how nanoparticles can be used in environmental remediation.

1. INTRODUCTION:

Pollution of the environment is one of the biggest problems the world is facing right now. Because of the fast growth
of industry and the economy, more energy is being used, and more harmful gas emissions and waste are being put
into the environment. Pollutants in the environment include heavy metals, organometallic compounds, inorganic
metal ions, organic contaminants, and nanoparticles [2]. They are called "heavy metals" because they are dense and
have a lot of atoms. Recently, they have been called metallic chemical elements and metalloids that, even in small
amounts, pose a serious threat to human health and the environment [3, 4]. Dentists use a variety of materials and
tools to do their jobs and reach their goals. Unfortunately, some parts of the ecosystem, like biomedical waste and
the use of heavy metals, could be harmful. One of these is dental amalgam, which is made of mercury, silver, and
other heavy metals. It has been used a lot as a metal filling material in dentistry. Because it has a lot of mercury in it,
it's not clear if it's safe to use [5, 6]. When dental waste is put out with other household and municipal trash, it
pollutes the soil, water, and air [7]. So, dentists have recently become more worried about how their work affects the
environment and the different ways they are trying to fix it.

Nanomaterials are tiny things that have at least one dimension that is less than 100 nm [8]. They are very good
catalysts and adsorbents [9, 10] because they are small and have a lot of reactive surface area. Along with the fast
growth of traditional technologies, the fast growth of nanotechnology has led to a lot of worry about the use of
nanomaterials in cleaning up the environment. These unique qualities and the fact that they are cost-effective are
used to remove and break down pollutants in the environment [11]. In this review, we want to introduce and
describe the heavy metal pollution that comes from dentistry and nanoparticles. We also want to learn more about
the different types of heavy metal pollution and what role they play in cleaning up the environment.

2. Heavy metal pollution caused by dentistry and its effects on the environment:

As people become more aware of and responsible for the environment, dental professionals should be aware of how
their work affects the environment. Even though each dentist only makes a small amount of dangerous trash, the
trash that all dentists make together could be bad for the environment [12]. In recent years, the effects of heavy
metals getting into water sources, especially through the release of dental amalgam, have been one of the biggest
worries. Silver, copper, tin, and mostly mercury can get into the environment through amalgam [13, 14]. The way
that amalgam scarps are managed could pollute the soil, while the waste water from dental clinics pollutes the water.
Figure 1 shows the sources of heavy metal pollution that come from dentistry.

Up to half of the weight of amalgam restorations comes from mercury [15]. Mercury builds up in living things, and
it is known to harm both people and animals [16]. Mercury from dental amalgam can hurt the environment in many
ways, such as through wastewater from dentist offices, human waste, and mercury vapour. Benaissa et al. did a lot
of research on how much heavy metals were in the wastewater from dental clinics. They found that the levels of
heavy metals in the wastewater from dental clinics were higher than what was allowed in the area. The sample with
the most mercury was the most important for the study. Also, it was said that the mercury in amalgam waste was bad
for the environment [17]. Once it gets into the environment, bacteria can change it into a more dangerous form
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called methylmercury. [18] This form of mercury can get into the food chain and hurt living things. Some of the
symptoms that show up in the mouth are osteitis, gingivitis, ptyalism, and ulcers of the mouth [20].

Silver is another heavy metal that can get into the environment when dental waste is thrown away in the wrong way.
It can be found in different types of waste in a dental office. It can be found in X-ray fixers and films, along with
amalgam [21]. Dental fixers use silver thiosulfate complexes, which are said to be 17,500 times less dangerous than
silver ions that are not bound to anything [22]. Even though dental clinics make a certain amount of silver waste,
most wastewater agencies require pretreatment and put limits on the amount of silver in wastewater [23].

Lead is another common waste that dentists have to get rid of in the right way. Conventional radiography creates the
lead shields that are in film packets. It can also be found in aprons and collars that are worn during X-ray procedures
to cut down on the amount of radiation exposure. Even though the amount isn't that big, the total amount of waste
can be big [24]. Even in small amounts, it is harmful to the environment and makes both children and adults sick. By
recycling the lead shields from film packets, dentists can easily cut down on the amount of lead in the environment.
Also, zirconium, cobalt, and chromium, which are all toxic heavy metals, are used a lot in dentistry and pose a
serious threat to the environment [25].

Life cycle assessment (LCA) is a way to measure how mining, cleaning, and refining a product, like heavy metals,
affects the environment at each stage of the product's life cycle. Life cycle inventory (LCI) databases have a lot of
information about how much energy metals use and how they affect the environment over their whole lives [26].
When compared per kilogramme, platinum group metals and gold were found to be the most harmful to the
environment, while iron, manganese, and titanium were found to be less harmful. Compared to other metals, iron
and aluminium had the biggest effects on the world in 2008. Most of the effects on the environment of most of the
elements came from the cleaning and refining steps [27].

3. Dental Care and Nanoparticles:

Dentistry has come a long way over the years, making procedures more reliable, safer, faster, and less painful.
People say that technologies like nanotechnology have a big effect on recovery times and how to treat people. They
have better properties, which is usually because of quantum effects and an increase in surface area [28].
Nanotechnology and nanomaterials can improve dental care, treatment, and the prevention of oral diseases in a big
way. Figure 2 shows the different areas of dentistry where nanoparticles have been studied in depth. In general, they
are used to improve oral health as sealants, fillers, and restorative composite materials. Also, drug release systems
based on nanoparticles are used to treat dental diseases in a specific way. In the sections that follow, we'll talk about
how nanomaterials can be used in different areas of dentistry. Table 1 shows some of the ways that nanoparticles are
used now in different areas of dentistry.

3.1 Periodontal Treatment:

Periodontal diseases affect the gums, the bone around the teeth, and the connective tissue that surrounds them [47].
Nanomaterials can be used to get the drug molecules inside the capsules to the area where periodontal disease is a
problem. us, reducing dosage-related side effects by putting drugs in the right places at the right time [32].
Nanomaterials like hollow spheres, nanotubes, nanocomposite, and core-shell structures are being tested to control
the release of drugs [28]. Chitosan is a naturally occurring polymer that is thought to be good for treating
periodontitis because it can kill bacteria and deliver antiseptic drugs to the affected area [48]. It has been shown that
periodontal inflammation can be treated successfully with nanoparticles that are loaded with triclosan [29]. An in
vivo study with mice showed that nanostructured doxycycline gel protected the outside of the gums after periodontal
disease was artificially caused [31]. Also, nanorobots can be made to work in a certain area and could be used to kill
bacteria in plaque [32].

3.2 Treatment of the root canal:

Endodontics is the treatment of tooth pulp, which is a loose connective tissue that forms and supports the dentine in
the middle of the tooth. Nanotechnology is also being used in a field called endodontics. Most microorganisms can't
be killed by root canal treatment, and this can lead to secondary infections during or after the filling [49]. Markan et
al. have recently said that nanoparticle-based disinfection with chitosan, zinc oxide, and silver can get rid of
microorganisms effectively [33]. Zinc oxide nanoparticles make reactive oxygen species (ROS) like hydroxyl
radicals, hydrogen peroxide (H202), and superoxide (O2) when they are exposed to UV light. Hydrogen peroxide
molecules can get through the cell wall and cause oxidative damage to the way cells are put together [50].

Recently, a silicon-based sealer with silver nanoparticles and a bioceramic-based sealer with calcium silicate,
zirconia, and calcium phosphate have been used to improve the handling, biocompatibility, and physical properties
[51, 52]. In regenerative endodontics, nanoscale assemblies of polyglutamic acid (PGA) and poly-lysine (DGL) have
been used with an anti-inflammatory hormone to reduce inflammation in the dental pulp and help the pulp
fibroblasts grow back [34, 35].
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Orthodontics is the treatment of teeth that are not in the right place by using mechanical means to make the face look
good [53]. When you wear braces, a white spot lesion will form [54]. Nanomaterials like titanium oxide and silver,
which kill bacteria, have been added to orthodontic brackets [36]. Also, inorganic nanoparticles that look like
fullerene have been coated on orthodontic wires as dry lubricants to reduce friction and make it easier for teeth to
move [37]. Plastic polymer braces have also had alumina nanomaterials added to them to make them stronger [38].
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Figure 2 Several branches of dentistry presently employ nanoparticles. Generated with BioRender

Diental branch MNanomaterials Applications References
Triclosan-loaded nanoparticles Treating periodontal inflammation [29]
. . Manoparticle-delivered enzymes Remodelling periodontal fibres [30]
Perindontics . B e i
Manostructured doxycycline gel Repairing periodontal surface [31]
Manorobots Antibacterial properties [32]
Chit i ide/silver-based
A _ﬂls ver-hase Disinfection of microbes [33]
: nanoparticles
Endodontics - ! : ; ; 2
Manoassemblies of polyglutamic acid and Reduce dental pulp inflammation and promote (34.35]
poly-l-lysine regeneration of pulp fibroblasts i
Silver/titanium oxide-based nanoparticles Antibacterial properties [38]
Act as dry lubricants to reduce the fricti rthodontic
Orthodontics Fullerene-like nanoparticles S :]:s £ triction an arihadoniic [37]
Alumina-based nanomaterials Increase strength of plastic polymer braces [38]
Zi ium dioxide/alumina-based
. A r..n'.a e Increasc {lexural strength [39]
Prosthodontics nanoparticles
Titanium dioxide-based nanomaterials Reduce porosity of denture material [40]
Hydroxyapatite Used as fillers to repair small dents on enamel [41]
; Calcium phosphate Used as filler on enamel [42]
Restorative : a i : i
R Bioactive glass Dentin mineralization [43]
Ty Chitosan-based nanoparticles Drug delivery and improved affinity towards enamel [44.45]
Wanofibers-based scaffolds Dental pulp regeneration [46]

Table 1 Current nanoparticle applications in several disciplines of dentistry
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4. Utilization of Nanomaterials in Environmental Remediation:

Due to a high surface-to-volume ratio, nanomaterials are more reactive and, hence, more effective than their larger
and heavier equivalents. Moreover, nanomaterials have the ability to modify surface chemistry, allowing them to be
functionalized or embedded with functional groups capable of targeting specific molecules of concern (pollutants)
for efficient cleanup. The materials employed in the rehabilitation procedure must not themselves be a source of
pollution. Therefore, the application of biodegradable materials in this field is promising. Table 2 lists some of the
functions of nanoparticles in environmental restoration.

Manomaterial Application References
AgNPs Treatment of wastewater due to their antibacterial properties [102-104]
Aga® Affect cell structure and permeability of cell wall [105]
AgNPs Act as photocatalyst and i|1-:r\c.15|.'.$ thu. UV inactivation of bacteria and [106]
viruses.

Iron nanoparticles Groundwater remediation by reducing metal ions effectively [107]
Gold nanoparticles {AuNPs) Remove inorganic mercury from drinking water [108]
Titanium dioxide (TiC;) Air and wastewater purification [109]
Gold and TiO; compaosite Efficiently removes sulphur [110]
Silver-doped TiO; nanofibers Photodegradation of chlorophenol [111]
Ti0-based nanoparticles Removal of harmful sulphur dioxide from air [112]
Zinc oxide Adsorbent to remove heavy metals such as copper and lead [113, 114]
Mesoporous silica nanomaterials (MSN) Excellent adsorbent to remove pollutants from the air [115]
Amino/Thiol-functionalized MSNs Removal of heavy metals from wastewater [116, 117]
Amine-modified xerogels Removal of carbon dioxide and H;5 from natural gas [118]
Si0; Removal of mercury from agueous solution [119]
Fullerenes (C60) Used to kill microbes via photocatalytic process [120]
L.um[_l:]s:lu W h.J]]UCmI = Used in water disinfection by killing bacteria [121]
polyvinylpyrrolidone E o

SWCNTs Adsorption of heavy metals [122]
MWCNTs Removal of heavy metal ions [123-1286]
Graphene Adsorption of heavy metal contaminants from wastewater [127, 128]

Table 2 Applications of nanoparticles in environmental remediation
5. CONCLUSION:
Nanoparticles have a big effect on dental research and treatment, which will lead to better dental health care in the
near future. There is a lot of room for nanotechnology and its new fields of use in dentistry to be used to develop and
improve dental materials. Because of this, the release of heavy metal waste from dental clinics is a very important
issue. Nanoparticles could be a more long-lasting and thorough way to deal with this serious problem. But
nanotechnology needs to be improved even more before it can be used to clean up the environment. Most of the
studies were done in the lab, so many more studies need to be done in the real world to fully understand how
nanomaterials can help a lot in cleaning up the environment.
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