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Abstract 

Among the restorative materials, dental amalgam is one of the most 

commonly used due to its superior characteristics, including clinical 

durability, affordability, and clinically reliable properties. However, its 

mercury content has raised environmental concerns, especially 

regarding the waste generated during routine procedures such as 

placing, removing, finishing, and replacing old amalgam restorations. 

This waste can enter dental wastewater systems through plumbing 

and suction, which is why dental clinics are such an important source 

of mercury for municipal wastewater treatment plants, even though 

dentistry only contributes a small amount of global anthropogenic 

mercury emissions. Once released, amalgam particles can build up in 

sewage sludge or enter water bodies. Mercury can turn into 

methylmercury and accumulate in living things, which is considered 

the most hazardous for the environment and public health. As a result, 

various regulatory bodies have set guidelines to limit the amount of 

mercury that can be released from dental offices. Best management 

practices, including separating waste, recycling, and using ISO-

certified amalgam separators, have been shown to significantly lower 

the amount of mercury released. This review provides insights into the 

recent information regarding the sources of amalgam waste, its effect 

on the environment, the regulatory framework, and ways to manage 

it. It also emphasizes how important it is for dental professionals to 

use environmentally friendly methods to reduce the environmental 

impact of dental amalgam. 
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1. Introduction 

For more than 150 years, dental amalgam has been 
a popular material for restoring teeth in clinical 
dentistry. This is because it is strong, easy to work 
with, and costs less than other materials for 
restoring teeth [1,2]. Dental amalgam is an alloy of 
liquid mercury and a powdered mixture of metals 
like silver, tin, and copper, among others [2,3]. 
Mercury usually makes up about 50% of its weight 
[3]. Even though amalgam is known to work well in 
the clinic, its mercury content has raised more and 

more concerns because of the health and 
environmental risks that come with mercury spills 
[1-6]. Mercury is a bioaccumulative element, and on 
exposure to the ambient conditions, the mercury 
vapours may be released immediately due to its low 
melting point and high vapour pressure [2]. 
Additionally, it may enter into air, water, and soil, 
and can affect human health and ecosystems. When 
elemental mercury is released into water, 
microorganisms can change it into methylmercury, 

International Journal of Dental Materials (ISSN: 2582-2209 (Online)) 
DOI: http://dx.doi.org/10.37983/IJDM.2025.7402 

 

mailto:anuram22810@gmail.com


 
 
Dental amalgam waste            Konakanchi A et al., 

International Journal of Dental Materials 2025;7(4):109-119 © IJDM 2025   110 

 

which is a highly poisonous form that accumulates 
in aquatic animals and then enters the human food 
chain [7,8]. Dentistry is a major source of mercury 
in municipal wastewater systems, especially in 
countries where amalgam is still widely used. This 
is even though dentistry only accounts for a small 
percentage of global mercury emissions compared 
to major industrial sources [9]. Amalgam particles 
enter sewage systems from dental clinics during the 
restorative procedures involving amalgam 
restoration and while removal of the same as well. 
Even the release of small amounts of mercury may 
pollute the environment [10]. 
 
To address these concerns, various regulatory 
agencies and international organizations have 
developed guidelines to minimize mercury 
emissions from dental operatories [11,12]. A global 
agreement, the Minamata Convention on Mercury, 
emphasized the importance of reducing the dental 
amalgam usage and enhancing its environmental 
management [12,13]. Furthermore, various 
professional organizations like the FDI World 
Dental Federation and the World Health 
Organization (WHO) have recommended best 
management practices (BMPs) for amalgam waste, 
which include installing amalgam separators that 
meet performance standards [6,14-16]. These 
devices decrease the amalgam waste by capturing 
and eliminating solid amalgam particles from dental 
wastewater lines, and prevent them from entering 
public sewage and wastewater treatment facilities. 
Dental amalgam waste management is still a 
difficult and evolving issue, despite improvements 
in separation technology and regulatory systems. 
Technical solutions, adherence to best management 
practices (BMPs) by dental professionals, and 
ongoing support from local, national, and 
international policies are all necessary for 
mitigation to be successful.  This paper aims to 
comprehend the most recent information on 
amalgam waste sources, health and environmental 
effects, new laws, and best practices in dental 
settings. 
 

2. Composition of dental amalgam  

The amalgam is an alloy of mercury. Based on the 
copper content, the amalgam alloys are classified as 
low-copper (less than or equal to 6.0 Wt% of 
copper) and high-copper (greater than or equal to 
6.0 Wt% of copper) alloys [1,2,6]. The amalgam 
alloys are dispensed in the form of powder and 
liquid, pre-proportioned capsules and pellets. The 
low-copper alloy is composed of Silver, tin, copper, 
and Zinc. Whereas the high-copper alloys contain 
silver, tin and copper. Additionally, the latter alloy 
also contains platinum or palladium [1,2]. The 
compositions of various amalgam alloy powders are 
presented in Table 1. 
 

3. Sources and types of amalgam waste in 
dentistry 

Dental amalgam waste is produced during standard 
clinical restorative procedures and consists of 
several elements that leak mercury into the 
environment and pose health hazards to humans if 
not properly managed. Precise identification and 
categorization of amalgam waste is crucial for 
executing optimal management strategies in dental 
facilities. 
 
3.1 Clinical sources 
Excess material may remain after dental amalgam is 
prepared and restored into a tooth cavity. A portion 
of this leftover amalgam must be gathered as waste 
because it may end up on tools or in the mixing glass 
[17]. Particulate debris made of amalgam particles 
is produced when old or defective amalgam 
restorations are removed. These particles are 
regularly extracted from the mouth and suctioned 
into the wastewater lines of dental offices [18,19]. 
Sludge and fine amalgam particles are created 
during carving, finishing, polishing, and other 
operational processes, and they may get into 
chairside traps or vacuum systems. Inadequate 
separation and collection of these retained particles 
can lead to amalgam discharge through wastewater 
streams [10,18,19]. 

Table 1. Composition of various dental amalgam alloys. 

Ingredient 

Weight % 

Functions Low-

copper 

High-Copper 

Admixed 

High-copper Uni-

composition 

Silver 67-74 69 40-60 Increases strength, setting expansion, and reactivity with mercury. 

Decreases creep. 

Tin 25-27 17 13-30 Increase creep, contraction, and rate of amalgamation. 

Decreases the strength, hardness, and speed of setting. 

Copper 0-6 13 17 Increase hardness, strength, setting expansion, and tarnish. 

Zinc 0-2 1 - Causes delayed expansion and corrosion. 

Acts as an oxide scavenger. 
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3.2 Categories of amalgam waste 
Depending on the source and the extent of contact 
with the patient or dental equipment, dental 
amalgam waste can be classified into several types 
[20-22]. Amalgam that has come into direct contact 
with the patient's oral environment is referred to as 
contact amalgam. Examples of this type of amalgam 
include extracted teeth with amalgam restorations, 
carving scrap from clinical procedures, and 
amalgam particles caught in chairside traps and 
filters [20,21]. Contact amalgam needs to be 
handled and recycled carefully because it is thought 
to be potentially contaminated [17,20-22]. Another 
type of amalgam waste is non-contact amalgam 
(scrap), which is extra amalgam that hasn't come 
into contact with the patient and is usually left over 
in the dappen dish or mixing capsule after 
placement. This kind of waste can frequently be 
recycled and is typically clean [20-22]. 
Amalgam sludge, a distinct category, consists of fine 
solid amalgam particles in suspension. This 
amalgam sludge may be confined within vacuum 
pump filters or other amalgam retention devices. 
Due to their elevated mercury levels and semi-
liquid consistency, these sludges are challenging to 
manage and are typically gathered for recycling or 
specialist processing [19,23]. 
 
Amalgam scrap is the other variety of amalgam 
waste, which is found in chair-side traps and filters 
falls into another category. A large amount of 
amalgam waste from surgical procedures is made 
up of particles gathered in chairside traps and 
vacuum filters. Even though these devices prevent 
amalgam debris from entering the wastewater 
system, the material that is trapped needs to be 
handled as hazardous waste and recycled [24,25]. 
Even if there are capture devices, smaller amalgam 
particles (wastewater-borne amalgam particles) 
that get by chairside traps and filters can still get 
into the wastewater from the dental office and 
perhaps run into the municipal sewage systems. 
These tiny particles are a type of amalgam waste 
that is best kept under control with ISO-certified 
amalgam separators [10]. 
 

4. Fate of amalgam and mercury in dental 
wastewater 

Dental amalgam particles that are made during 
restorative procedures get into the wastewater 
stream. They go through a number of physical 
transport and retention processes in municipal 
wastewater treatment systems and dental 
plumbing. The size of the particles, the hydraulic 

conditions, and the treatment methods are the main 
factors that affect the fate of amalgam and mercury. 
 
4.1 Particle size distribution in wastewater [26] 
Amalgam particles produced during the placement, 
finishing, and removal are of varying sizes. Research 
indicates a bimodal distribution, with fine particles 
measuring approximately 2–90 µm and larger 
particles spanning 160–5500 µm. Fine particles, 
especially those that are less than 10 µm, stay in the 
air longer and are harder to catch with chairside 
traps. This makes it more likely that they will get 
into municipal sewer systems. 
 
4.2 Transport through the suction system and 
plumbing 
Dental vacuum systems suck up amalgam debris, 
which then goes through chairside traps, vacuum 
filters, and piping before being dumped into the 
sewage. Experimental simulations show that 
without amalgam separators, a large amount of 
amalgam escapes from the body's internal retention 
systems. A study found that about 60% of the 
amalgam waste that was made during removal 
procedures ended up in wastewater effluent, while 
only about one-third of it was kept in the dental 
unit. The way plumbing is built and how water flows 
through it also affects how particles move [27].  
 
4.3 Retention by chair-side traps and vacuum 
filters 
Amalgam particles, especially larger ones, are 
usually trapped in chairside traps and vacuum 
pump filters. The efficiency of these devices ranges 
between 40% and 70%, depending on the size of the 
particles and the design of the device. However, 
they are unable to retain the fine particles; 
therefore, they are seen as extra steps rather than 
stand-alone solutions [28]. 
 
4.4 Behaviour in wastewater treatment plants 
Physical setting and adsorption processes are used 
to treat the amalgam particles and mercury that 
have reached the wastewater treatment plants. 
During treatment, the amalgam-associated 
mercury, due to its high density, is greatly 
incorporated into grit and biosolids. According to 
the literature, around 90-95% of Hg from dental 
sources is found to be retained in sludge rather than 
discharged in treated effluent [29]. 
 
4.5 Mercury accumulation in sludge and effluent 
Mercury accumulates in water sludge due to its 
strong affinity towards solids and organic matter. 
Increased mercury levels have been documented in 
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biosolids in treatment plants, and are serving areas 
with high concentrations of dental clinics [30]. 
Despite the low mercury levels in treated effluent, 
trace amounts of mercury may still occur, which 
signifies the importance of source control 
measures, amalgam separators [14-16]. 
 
5. Environmental impact of dental amalgam 
waste 

Dental amalgam waste is a known source of 
anthropogenic mercury released into the 
environment. However, dentistry does not 
significantly contribute to global mercury 
emissions, but the persistent and localized dental 
discharges have caused environmental and 
regulatory apprehensions, especially regarding 
wastewater systems and aquatic ecosystems. 
 
5.1 Dentistry's contribution to overall mercury 
pollution 
Dentistry introduces mercury into the environment 
mainly via amalgam particles released into 
wastewater during the placement, finishing and 
removal of old amalgam restorations. Various 
factors that are related to mercury vapour release 
from dental amalgam filling are listed in Table 2. 
Numerous mass-balance and environmental 
monitoring investigations have shown that dental 
practices are among the primary non-industrial 
contributors of mercury to municipal wastewater 
systems. Hylander and Meili indicated that dental 
clinics contributed between 3–28% of the mercury 
influx into wastewater treatment facilities in urban 
regions before the extensive implementation of 
amalgam separators [31]. Likewise, research 
undertaken in Europe and North America has 
recognized dental amalgam as a quantifiable factor 
in mercury levels within sewage sludge [30,32]. 
Compared to large-scale industrial operations, 
dentistry is expected to contribute less than 1% of 
all anthropogenic mercury emissions worldwide 
[33]. Despite this small percentage, dentistry is 
becoming a primary focus of mercury reduction 
programs due to the controllability of mercury 
emissions from dental sources. 
 
5.2 Comparison with other Anthropogenic 
mercury resources 
Significant anthropogenic sources of mercury 
encompass coal combustion, non-ferrous metal 
smelting, cement manufacturing, waste 
incineration, and artisanal gold mining. Artisanal 
and small-scale gold mining is the leading global 
source of mercury emissions [34]. Conversely, 
dental amalgam emissions are of lesser volume but 

are characterized by their high localization, 
continuity, and direct association with municipal 
wastewater systems. In contrast to atmospheric 
emissions from industrial sources, mercury 
discharged from dental amalgam predominantly 
enters aquatic systems through wastewater 
channels. This difference is very important because 
mercury that gets into water ecosystems is more 
easily changed into methylmercury, which is a very 
toxic and bioavailable form [35]. So, even small 
amounts of waste from dentistry can have a big 
impact on the environment in wastewater systems 
that are not well managed or are prone to problems. 
 

Table 2. Factors causing mercury vapour release from dental 

amalgam restoration 

S. No. Factors 

1. Age of amalgam restoration 

2. Cleaning, polishing, and other dental procedures 

3. Composition of saliva. 

4. Composition of the alloy powder mixed with the mercury. 

5. Dental plaque. 

6. Deterioration of amalgam restoration 

7. Infections in the mouth 

8. Number of amalgam restorations present in the oral cavity. 

9. Patient habits such as brushing, bruxism, chewing, 

consumption of hot liquids, diet (especially acidic foods), 

smoking, etc. 

10. Presence of other metallic appliances in the mouth, such as 

gold alloy restorations or titanium implants. 

11. Size and surface of the amalgam restoration. 

12. Techniques and safety measures used during the placement 

and removal of amalgam restorations. 

 
5.3 Environmental release pathways 
Various routes of dental mercury release into the 
environment include amalgam waste via 
wastewater discharge, release of mercury vapours 
during manipulation, and improper disposal of 
amalgam waste. Amalgam particles that evade 
chairside traps, vacuum filters, or separators 
infiltrate sewer systems and are conveyed to 
wastewater treatment facilities. During the 
treatment, the mercury cannot be removed 
completely from the sludge [36]. The other possible 
pathways of releasing the mercury include sludge 
cremation, biosolids application, and landfill 
disposal. Over time, the mercury released through 
these channels may spread throughout the 
ecosystem and contaminate water systems and 
sediments in ways that are persistent [37]. 
 
5.4 Public health and ecological implications 
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It is well known that methylmercury can be 
neurotoxic, particularly to developing foetuses and 
young children [38]. Consumption of methyl 
mercury-contaminated fish is the major human 
exposure to methylmercury. Fish, invertebrates, 
and birds are among the aquatic organisms that 
suffer ecologically from mercury contamination, 
which impairs their ability to grow, reproduce, and 
behave. Although dental amalgam is not the 
primary cause of mercury toxicity globally, it does 
contribute to local mercury burdens, underscoring 
the importance of effective waste management 
strategies [39]. As a result, it is widely 
acknowledged that lowering mercury emissions 
from dental sources is a workable and practical 
component of more extensive environmental 
mercury reduction programs. 
 

6. Environmental impact of dental amalgam 
waste 
 
International and national regulatory bodies and 
standards aimed to reduce mercury emissions into 
the environment with utmost management of 
dental amalgam waste. Regulatory approaches 
differ worldwide, yet they converge on key 
principles such as source control, optimal 
management practices, and the incremental 
reduction of dental amalgam utilization. The 
increasing concern about how long mercury stays in 
the environment and how poisonous it is has led to 
international efforts to stop mercury from being 
released from dental practices. The World Health 
Organization (WHO) says that dental amalgam adds 
to mercury in the environment and suggests a 
gradual phase-down through preventive dentistry, 
the use of appropriate systems for managing 
amalgam waste and alternative restorative 
materials [40]. The most important part of these 
suggestions is collecting amalgam particles before 
they get into wastewater systems. The Minamata 
Convention on Mercury also addressed dentistry in 
Annexe A. It does this by promoting the use of 
alternatives to amalgam that don't contain mercury, 
pre-capsulated amalgam, and mandatory amalgam 
separators [41]. Peer-reviewed studies show that 
the Convention is more about lowering 
environmental risks than banning amalgam 
completely. This is because amalgam is still useful 
in some situations [42]. 
 
The initial regulations on mercury emissions were 
constituted in the European Union (EU) under the 
Council Directive 84/156/EEC [43]. On the other 
hand, Regulation (EU) 2017/852 suggested the 
usage of amalgam separators in dental practices 

and also to limit the use of amalgam in at-risk 
groups. Studies indicate that these strategies have 
significantly reduced mercury inflows into 
municipal wastewater treatment facilities across 
several EU member states [44]. A comprehensive 
collection of regulations in the United States 
governs dental amalgam waste, including 
guidelines for safeguarding the environment, 
occupational safety, and establishing professional 
standards. The Environmental Protection Agency's 
Dental Effluent Guidelines recommend that dental 
offices install ISO 11143–certified amalgam 
separators. This initiative led to a considerable 
reduction in the accumulation of the amount of 
mercury in wastewater, which is sent to the 
treatment plants [45]. The Occupational Safety and 
Health Administration (OSHA) sets limits on how 
much mercury workers can be exposed to and 
requires that hazards be communicated, there be 
enough ventilation, personal protective equipment 
be used, and spills be cleaned up properly. Studies 
show that dental professionals are most likely to be 
exposed to mercury when they handle and remove 
amalgam. This shows how important it is to follow 
OSHA guidelines [46,47]. Professional groups help 
make sure that rules are followed more closely. For 
example, the American Dental Association (ADA) 
gives the best ways to handle and recycle amalgam 
[28], and the Canadian Dental Association (CDA) 
pushes for national standards that lower mercury 
emissions while still being practical in a clinical 
setting [48]. 
 
In most of the developing countries, amalgam waste 
management is still not fully enforced due to the 
limited wastewater treatment facilities, inadequate 
amalgam separators, and manpower to monitor. 
research indicates that dental clinics in low- and 
middle-income countries may significantly 
contribute to localized mercury contamination due 
to ineffective waste capture systems [49]. Smaller 
clinics are still unable to meet the international and 
local regulatory guidelines across the globe. These 
limitations can be attributed to the limited 
awareness, financial constraints, financial 
difficulties, limited awareness, and infrastructural 
constraints, which frequently impede the 
appropriate implementation of the stipulated 
guidelines. It is evident from the research that the 
small clinics are failing in implementing the OSHA 
guidelines, including proper ventilation and the 
management of mercury spills. Furthermore, 
studies also highlight the necessity for enhanced 
training, consistent monitoring, and more robust 
integration of environmental and occupational 
safety policies to fulfil the mercury reduction goals 
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established by the Minamata Convention [50]. The 
permissible levels of mercury through various 

media according to the different regulatory bodies 
are presented in Table 3.

 

Table 3. Permissible levels for mercury through various media. 

Regulatory Body / Standard Medium / Context Permissible/Reference level References 

World Health Organization (WHO) In drinking water 0.006 mg/L (6 µg/L) 51 

European Environmental Quality 

Standards 

Surface Water (Priority Hazardous 

Substance) 

0.07 µg/L  52 

Occupational Safety and Health 

Administration (OSHA) – Occupational Air 

Airborne mercury (8-hour TWA) 0.1 mg/m3 (100µg/m3) 53 

National Institute for Occupational Safety 

and Health (NIOSH) 

Airborne mercury (8-hour TWA) 0.05 mg/m3 (50µg/m3) 53 

The U.S. Environmental Protection Agency 

(EPA) 

Drinking water (Inorganic mercury) 0.002 mg/L (2 µg/L) 51 

The U.S. Environmental Protection Agency 

(EPA) – Health Advisories (Short-term) 

Inorganic Mercury 0.002 mg/L (2 µg/L) 51 

The U.S. Agency for Toxic Substances and 

Disease Registry (ATSDR) – Chronic 

Inhalation MRL 

Mercury vapour 4 µg/day  54 

 
7. Best management practices (BMPs) for 
amalgam waste 

It is important to use best management practices 
(BMPs) for dental amalgam waste to prevent 
mercury release into the environment and to protect 
dental personnel in dental clinics. BMPs include 
systematically identifying, separating, handling, 
storing, recycling, and disposing of waste that 
contains amalgam. Evidence-based professional 
guidelines back these practices. 
 
7.1 Waste identification and segregation 
There are two types of dental amalgam waste: 
contact amalgam and non-contact amalgam. Contact 
amalgam, which has interacted with patients, like 
extracted restorations and amalgam sludge. Non-
contact amalgam includes unused amalgam, such as 
capsules and trash. The first step in effective 
amalgam waste management is to find and separate 
materials that contain mercury. Studies indicate that 
isolating the source of mercury pollution in 
wastewater and biomedical waste streams [48] 
significantly reduces the amount of mercury in those 
streams. Poorly separating amalgam waste often 
causes more mercury to get into sewage systems and 
landfills, which makes treatment processes 
downstream less effective [55]. 
 
7.2 Chairside handling protocols 
During the placement and removal of amalgam 
restorations, chairside procedures are very 
important for controlling the release of amalgam 
particles. Using rubber dams, chairside traps, and 
high-volume evacuation systems has been shown to 
markedly reduce the release of amalgam particles 
into dental wastewater [56]. Studies indicate that 
direct rinsing of amalgam debris into sinks and 

improper suction techniques markedly increase 
mercury discharge [27]. Also, using pre-capsulated 
amalgam and avoiding handling bulk mercury are 
both highly recommended to lower both 
environmental pollution and occupational exposure 
[57]. 
 
7.3 Storage, labelling and transport 
Amalgam waste must be stored in sealed, corrosion-
resistant containers that are typically immersed in a 
liquid medium such as water or a commercial 
mercury suppression solution. Studies indicate that 
airtight storage significantly reduces mercury 
vapour emissions in dental clinics [46]. 
Consequently, it is recommended that the container 
be labelled as “amalgam waste” and comply with 
hazardous waste transport regulations to ensure 
safe handling during off-site transit to recycling 
facilities [58]. 
 
7.4 Recycling and disposal procedures 
Recycling is the best amalgam waste management 
practice. It enhances mercury recovery and reduces 
mercury emissions into the environment. Research 
indicates that recycling amalgam waste is 
significantly more environmentally sustainable than 
incineration or landfilling [59]. Dental clinics must 
strictly comply with amalgam disposal regulations 
and refrain from discarding amalgam waste in 
standard garbage or biomedical waste streams, as 
such actions may result in mercury emissions during 
waste processing [58]. Certified amalgam recyclers 
utilise regulated thermal or chemical methods to 
safely extract mercury and other metals. 
 
7.5 Professional guidelines and 
recommendations 
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Promoting BMPs for amalgam waste management 
has been greatly aided by professional associations. 
Comprehensive best management practices 
describing amalgam waste segregation, chairside 
handling, separator use, and recycling procedures 
have been published by the American Dental 
Association (ADA) through its Council on Scientific 
Affairs” [28]. Clinical and environmental studies 
showing quantifiable decreases in mercury 
discharge after its implementation [60] complement 
these recommendations. International dental 
organisations have also released similar 
recommendations, highlighting the need for 
regionally standardised techniques in achieving 
global mercury reduction targets [61]. 
 

8. Amalgam Separators 

The amalgam particles that are generated during the 
placement and removal may vary widely in size 
(from greater than 3 mm to extremely fine particles 
smaller than 0.01 mm). Using a mass-balance 
analysis, a study reported that approximately 68% of 
amalgam particles in dental office wastewater are 
captured by chairside traps, while an additional 13% 
are collected by vacuum pump filters [58]. The 
remaining particles that bypass the vacuum system 
are discharged into the municipal sewer. Among the 
amalgam particles that reach wastewater treatment 
facilities, about 95% are ultimately retained in grit 
chambers or incorporated into biosolids (sludge) 
[62]. To further limit the transfer of amalgam from 
dental clinics to wastewater treatment plants, the 
installation of amalgam separators in dental 
practices is increasingly being adopted worldwide. 
 
8.1 Types of amalgam separators 
Amalgam particles containing mercury can be 
removed from dental wastewater using three 
principal separation mechanisms: filtration, 
centrifugation, and sedimentation. Centrifugal 
separators operate in a batch-processing manner, 
whereby wastewater enters the unit and, once the 
chamber reaches a predetermined volume, the 
separation cycle is initiated, with the recovered 
amalgam collected in a designated tray. However, 
this approach has become less widely used in 
comparison with sedimentation-based systems.  
 
Sedimentation devices function by retaining 
wastewater in a container to allow particulate matter 
to settle; the clarified liquid is then gradually 
withdrawn using a low-flow pump, leaving the 
settled particles behind. Some sedimentation units 
are additionally equipped with filtration 
components, and certain systems also incorporate 

chemical removal columns employing ion-exchange 
technology to enhance mercury removal [63]. 
 
8.2 Testing of amalgam separators as per ISO 
standards 
The International Organization for Standardization 
(ISO) produced ISO Standard 11143 [64], which is 
used to evaluate the ability of amalgam separators to 
prevent the escape of amalgam particles into the 
sewer system. A simulated test material that closely 
resembles the particle size distribution of amalgam 
produced in clinical settings is used in the testing 
procedure [26]. A standardized 10 g test sample 
comprises the various particle size distributions, 
including pulverized, triturated dental amalgam with 
a specific size distribution, 3 g of particles between 
0.5 and 3.15 mm, 1 g of particles between 0.1 and 0.5 
mm, and 6 g of particles less than 0.1 mm. To meet 
the ISO criteria, a separator's removal efficiency for 
all amalgam particles must be at least 95% by mass. 
 
The suitability of the ISO standard remains subject to 
debate because data indicate that a number of factors 
influence amalgam separator performance. These 
include the initial amalgam concentration in dental 
wastewater, the discharge system's layout and 
design before the wastewater enters the separator, 
and the wastewater's chemical additives. 
Furthermore, evaluations of separator effectiveness 
based on concentration reduction [65] rather than 
particle mass removal alone may be more 
representative. External factors like the length of the 
wastewater discharge pathway and the application 
of disinfectants can also cause variations in 
performance. Amalgam separators are typically 
anticipated to considerably lower the quantity of 
amalgam emitted into the municipal sewer system 
despite these drawbacks [66]. 
 

9. Role of dentists in environmental 
stewardship 

Dentists have an ethical and professional 
responsibility to lessen the environmental impact of 
clinical care, particularly the mercury released by 
dental amalgam. The principles of beneficence and 
non-maleficence not only protect patients, but they 
also protect the environment from harm that could 
place public health at risk. The research indicates 
that dentistry is a manageable source of mercury 
pollution, requiring meticulous disposal of amalgam 
waste [61,67]. Even in places where there are no 
regulations, choosing to use green dental practices 
like separating waste, using an amalgam separator 
early, and recycling through a certified program can 
greatly lower the amount of mercury that is released 
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[68,69]. Because of varying information and 
viewpoints, education is still very important. When 
sustainability and mercury hygiene are taught in 
dental school, public trust in the profession is higher, 
dental personnel are less likely to get exposed to 
mercury, and compliance is improved [27,46]. 
 
10. Alternatives to dental amalgam and 
future trends 

Glass ionomer cements (GICs) [70] and resin-based 
composites [71] are aesthetic restorative materials 
that have been developed as alternatives due to the 
decline in the use of dental amalgam across the globe.  
Improvements in filler formulae and adhesive 
technology have made these materials more 
aesthetically pleasing and clinically effective, 
allowing for their widespread use in posterior 
restorations [72-74]. Additional benefits of glass 
ionomer cements with high viscosity and resin 
modifications include fluoride release and chemical 
attachment to the tooth structure, which make less 
invasive treatment techniques possible [2,70]. 
However, technique sensitivity and moisture control 
continue to play a major role in long-term 
performance [2,70]. 
 
Alternative materials eliminate environmental 
concerns associated with mercury, but a 
comprehensive assessment is required for their 
sustainability needs. The environmental 
implications are associated with energy-intensive 
manufacturing, components derived from 
petrochemicals, resin-based restorative products, 
and the production of microplastics during finishing 
and removal procedures [59]. Environmentally 
friendly material development is essential, as 
concerns regarding the emission of monomers and 
bisphenol-A derivatives highlight [75]. Dental 
amalgam should be phased down instead of being 
completely phased out, as it may continue to be 
clinically relevant in some populations and 
circumstances. These circumstances are especially, 
including cost-effectiveness, durability, and 
availability to advanced dental care, are especially 
crucial concerns for the patients [76]. As a result, 
strict waste management in conjunction with 
controlled reduction is highly recommended. 
 
Future dental trends will be more in alignment with 
sustainability practices. These include choosing 
materials based on their life-cycle effect, minimally 
invasive care, digital workflows to cut down on 
waste, and sticking to best management practices. 
These initiatives promote the shift toward 

environmentally sustainable oral healthcare while 
maintaining clinical outcomes [77,78]. 
 

11. Conclusion 

Dental amalgam waste is an environmental concern 
because it contains mercury and is produced during 
many routine dental treatments. Dentistry does not 
release large amounts of mercury compared to other 
industries, but dental clinics can still be an important 
local source. When amalgam particles enter dental 
wastewater, they may collect in sewage sludge or 
sometimes reach natural water systems. In these 
settings, mercury can change into more harmful 
forms that affect wildlife and may pose risks to 
human health. Using basic control measures, such as 
proper waste separation, recycling, and amalgam 
separators, can greatly reduce mercury release. 
Regulations and international agreements also 
encourage safer handling and reduced use of dental 
amalgam. Overall, better awareness, improved 
equipment, and responsible daily practices are 
important for limiting environmental harm and 
supporting more sustainable dentistry. 
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