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Abstract: An evaluation of mercury emission estimates from dental sources indicates that
reported emissions have been significantly underestimated. U.S. mercury emissions from dental
sources probably range from about 6 to 12 tons annually, significantly different from the 0.6 tons
recently reported by the EPA. Mercury emissions from dental sources include mercury released
from dental offices, mercury released from household sewage and mercury emissions from
crematories. A review of mercury environmental chemistry and mercury toxicity is presented,
with a particular emphasis on mercury encountered at the dental operatory. Increasing public
sensitivity towards environmental mercury is driving increased mercury regulatory efforts and a
listing of current U.S. mercury regulations is presented. Finally, a summary of prudent practices
at the dental office is presented which would eliminate or minimize dental discharges of mercury
into the environment.
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Introduction
Due to mercury’s toxic effects at extremely low concentrations, mercury and mercury
compounds are being discontinued from use in most modern health care. The main exception is
its use in dental care, particularly the use of elemental mercury in dental amalgams. Mercurycontaining dental amalgams continue to be the most widely used dental filling and restorative
material in the world. Dental amalgams, which are commonly referred to as silver fillings, are
metal alloys composed primarily of mercury (42%-58%), silver (21%-40%), tin (5%-17%) and
copper (1%-16%). Mercury is the largest component in a silver filling.
Today in the U.S., mercury and mercury compounds are some of the most regulated of all
chemicals. The Environmental Protection Agency (EPA) is responsible for regulating discharges
of mercury and mercury compounds into the environment (atmosphere, waters and landfills).
The Food and Drug Administration (FDA) is responsible for regulating mercury levels in food,
drugs, cosmetics and medical devices (which dental amalgam is considered). The Occupational
Safety and Health Administration (OSHA) is responsible for regulating workplace mercury and
worker exposure to mercury and its compounds, both in industry as well as in professional
practices.
There have been a great number of studies concerning the direct toxicological effects of dental
amalgam on individual patient healthcare. On balance, current scientific evidence supports dental
amalgam as a safe and effective dental restorative material. However, dental amalgams represent
a significant anthropogenic source of environmental mercury. Mercury entering the environment
from dental amalgam exerts its adverse effects in the biosphere in just the same way as all
mercury compounds do, regardless of their source. Once introduced into the environment,
mercury accumulates and magnifies its concentration levels in fish, the major source of human
exposure to mercury (as methylmercury).
Depending upon the particulars of each dental practice and its locality, environmental mercury
may enter the biosphere through discharges into the atmosphere (by incineration as medical or
general solid waste or by the dental evacuation system) or through discharges into the water
stream (by the dental practice sewage system and evacuation system). Another route of entry into
the biosphere for environmental mercury from dental amalgams is through crematories and
interment.
In the present account we provide an overview of current regulations concerning mercury in the
environment, mercury in the workplace and mercury in food and healthcare. We review the
chemistry and toxicology of mercury with a particular emphasis on dental mercury and dental
amalgams. We also review the nature of mercury-containing materials used at the dental office
and the potential of mercury being introduced into the environment through their use. We
provide a commentary concerning recently published reports regarding mercury emissions,
particularly their shortcomings and underestimation as they pertain to dental mercury emissions.
Finally we conclude with recommendations concerning prudent practices at the dental office
which will minimize mercury from entering into the environment.
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Mercury Regulations
Overview
Mercury is a chemical element that is neither created nor destroyed. It can only change forms
(see Chemistry Section). Mercury is introduced into the environment from both natural and
anthropogenic sources. Once introduced, mercury not only bioaccumulates in living organisms
but it also magnifies its concentration levels in both the aquatic and terrestrial food chains (i.e.,
biomagnification). It is through this process of biomagnifcation that mercury broadly exerts its
toxic effect on the biosphere.
The toxic effects of mercury on human health and on wildlife are driving global efforts to reduce
the discharge levels of this toxic metal. Regulatory activities and government programs in
Europe, Scandinavia, Asia, Canada and the United States are all aimed at reducing the levels of
mercury discharged into the environment. Of particular concern is the mercury discharged into
the atmosphere where its transport and deposition results in environmental contamination which
knows no national boundaries.
Government regulatory efforts and programs have been designed to curtail or reduce the use of
mercury in commercial products (i.e. source reduction or source elimination). Additional
regulatory efforts are aimed at minimizing and eliminating anthropogenic discharges of mercury
into the environment through appropriate waste treatment practices, which are applicable in
those processes where mercury can not be eliminated.
United States
Navigating through the myriad of U.S. and international regulations concerning mercury can be a
complex and daunting task often following a tortuous pathway.
In the U.S., the Environmental Protection Agency (EPA), the Occupational Safety and Health
Administration (OSHA) and the Food and Drug Administration (FDA) are the federal
government agencies primarily responsible for regulating mercury in the environment, mercury
in the workplace and mercury in healthcare, respectively. Mercury may be further regulated at
the state and municipal government levels as well as by local and regional boards of health.
Mercury regulatory complexity is further illustrated by the fact that mercury may be regulated on
an industry-by-industry basis. An example is the recent federal regulations aimed at lowering
mercury emissions from coal-burning power plants. Regulations can also be enacted on a
product-by-product basis, as evidenced by the regulations associated with mercury-containing
batteries.
EPA
In the U.S., the EPA defines a Reference Dose (RfD) which it uses as a risk-characterization and
risk-assessment tool for human population exposure analyses of toxic substances. The EPA uses
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this RfD as a guide in its risk management decisions and in developing its environmental
regulatory policies.
The RfD is a scientific estimate of the amount of a substance or chemical which an average
person may ingest daily which will not result in any significant adverse health risk within that
person’s lifetime. The current EPA Reference Dose (RfD) for mercury (more specifically,
methylmercury) is 0.1 µg/kg/day (i.e. 0.1 micrograms of methylmercury per kilogram body
weight per person on a daily basis).
The U.S. National Academy of Sciences (NAS) recently endorsed the EPA’s RfD value of 0.1
µg/kg/day for methylmercury and the EPA continues to use this value as a guide in its mercury
risk assessments and in developing its mercury regulatory policies.
Similar in nature to an RfD, an RfC is a Reference Concentration of the amount of a substance or
chemical which an average person may inhale on a daily basis which will not result in any
significant adverse health risk within that person’s lifetime. The EPA also has established an RfC
of 0.3 µg /m3 for elemental mercury (i.e. 0.3 micrograms of elemental mercury per cubic meter
of air).
Although there is a great deal of uncertainty associated with defining an RfD or an RfC,
particularly for methylmercury (estimated to span about an order of magnitude), it does reflect
today’s best available estimates concerning long-term mercury exposure and mercury toxicity.
Concerns regarding chronic mercury exposure have led the EPA to heavily regulate mercury
discharges into the environment. Table 1 summarizes the wide array of current U.S. federal
regulations concerning mercury discharges into the environment. Of particular note in Table 1 is
the 2 ppb MCL (Maximum Concentration Limit) for mercury in drinking water. Mercury in
wastewater discharges often finds its way into drinking water streams.
Mercury use and discharge regulations for sources, products, industries and applications other
than those listed in Table 1 (which includes universities, research institutes, dental operatories,
health care clinics and hospitals) are regulated and controlled by the local government. This
regulatory control varies depending on state to state or even the specific waste treatment or sewer
district.
Table 1. Summary of Existing EPA Mercury Regulationsa
Medium or Source
Water:

Regulations
Potable or Drinking
Ambient Surface

Point Sources

2 ppb MCLb
(1) Freshwaterc: (a) 2.10 ppb CMCd; (b) 12 ppt CCCd.
(2) Saltwaterc: (a) 1.80 ppb CMCd; (b) 25 ppt CCCd.
(3) Great Lakes Water System:
(a) Aquatic Life: 1.44 ppb acute, 0.77 ppb chronic.
(b) Human Health: 1.8 ppt acute.
(c) Wildlife: 1.3 ppt.
(1) Effluents from industrial facilities and municipal
wastewater treatment facilities are regulated through
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Sewer or Sludge

industry specific pretreatment standards and effluent
guidelines for existing and new sources of pollution.
(2) Effluent levels usually based on the limits of available
control technology.
(3) Hazardous waste treatment/disposal requires mercury
monitoring.
Permissible levels of mercury in municipal wastewater
treatment sludge:
(1) 17 mg/kg dry weight and cumulative load of 17
kg/hectare for agricultural land.
(2) 17 mg/kg dry weight and annual load of 0.85
kg/hectare for home garden or lawn.
(3) 57 mg/kg dry weight for other land applications and
100 kg/hectare for surface disposal.

Air :

Ambient Air
Workplace Air
Air Point Sources

No Standards
See OSHA Regulations (Table 3)
(1) Emissions from mercury ore processing facilities and
mercury cell chlor-alkali plants: 2,300 g/24 hrs
(maximum).
(2) Emissions from sludge incineration, sludge drying or
combination: 3,200 g/24 hrs.
(3) Emissions from medical incinerators: 0.55 mg/dscme.
(4) Industrial source emissions of mercury may be subject
to MACTf standards for major stationary sources GACTg
for area sources under the CAAh.
(5) Airborne emissions of mercury from combustion of
hazardous waste regulated under RCRAi.

Soil :

Ambient Soil

No Standards (See Solid Hazardous Waste)

Hazardous Waste:

Solid

(1) Any solid waste (including soil that is being disposed)
is considered a hazardous waste and prohibited from
disposal in RCRAi Subtitle D landfills if its leachate
contains 0.2 mg/liter of mercury (200 ppb) or greater.
(2) Land disposal in RCRAi Subtitle C landfills is allowed
only after prescribed treatment to reduce mercury in
extract to 0.2 mg/liter (200 ppb).
(1) Wastewater must be treated down to specified levels to
meet land disposal.

Liquid
Commercial Products:

Batteries

Paints & Pigments
Pesticides
Other:

Elemental Mercury

(1) Sales ban on alkaline-manganese batteries with
intentionally introduced mercury, except alkalinemanganese button cells which are limited to 25 mg of
mercury per button cell.
(2) Sales ban on zinc-carbon batteries with intentionally
introduced mercury.
(3) Sales ban on mercuric-oxide button cell batteries
unless manufacturer identifies a collection site for
purchaser, informs purchasers of collection site, and
informs purchaser of telephone number to obtain
information on recycling/proper disposal.
(1) Mercury use in paints & pigments has been
discontinuedj.
(1) Banned or voluntarily eliminatedk.
(1) Any release of one pound or more of mercury into the
environment in a 24 hour period must be reported
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Mercury Compositions

immediately to the National Response Center if the release
is not Federally permitted.
(1) Any release exceeding manufacturing thresholds must
be reported under the Toxics Release Inventory.

a. United States Environmental Protection Agency, Mercury Study Report to Congress, December 1997, Vol. VIII,
(EPA-452/R-97-010).
b. Maximum Concentration Limit; 2 parts per billion (2.0 µg/liter or 2.0 micrograms per liter).
c. ppb=parts per billion (µg/liter, micrograms per liter), ppt=parts per trillion (ng/liter, nanograms per liter).
d. CMC=Criteria Maximum Concentration, CCC= Criteria Continuous Concentration. CMC is the highest
concentration of a pollutant which aquatic life may be exposed to for a short period of time (one-hour average)
without experiencing any adverse effects; the CMC cannot be exceeded more than once every three years. CCC is
the highest concentration of a pollutant which aquatic life may be exposed to for a short period of time (four days)
without experiencing any adverse effects; the CCC cannot be exceeded more than once every three years.
e. mg/dscm= milligrams per dry standard cubic meter. The EPA divides medical incinerators into three categories
depending upon their capacity: Small Incinerators (<200 pound per hour input waste), Medium Incinerators
(between 200 and 500 lbs/hour input waste), and Large Incinerators (>500 lbs/hour input waste); accordingly, the
EPA limits the total annual mercury emissions from small, medium and large incinerators to 450, 720 and 902
lbs/year, respectively.
f. MACT= Maximum Achievable Control Technology.
g. GACT= Generally Available Control Technology.
h. CAA= Clean Air Act of 1990.
i. RCRA= Resource Conservation and Recovery Act.
j. Mercury elimination from all paints was finalized in 1991; however, mercury from paint may be remobilized into
the environment from the combustion or demolition of materials with paints manufactured before the 1991 ban.
k. Calo-ChlorTM (mercuric chloride) and Calo-GranTM (yellow mercuric oxide), the last mercury-containing
pesticides manufactured in the U.S. (fungicides for the treatment of pink and grey snow mold) were discontinued in
1993 and existing stocks may be used until depleted.

Mercury discharged into U.S. water streams from Publicly Owned Treatment Works (POTWS)
is controlled by the EPA through a permitting system called NPDES permits (National Pollutant
Discharge Elimination Strategy). Mercury discharge limitations for NPDES permits are based on
the limits of currently available control technology for mercury removal from wastewater
streams.
NPDES permits are issued on a case-by-case basis and are monitored by the EPA. Currently,
only about 15% of the Publicly Owned Treatment Works have been issued NPDES permits: 6%
(253 out of 4,307) have NPDES permits with specific mercury effluent limitations and about
10% (423 out of 4,307) have mercury monitoring requirements only (AMSA Report, March
2002). The remaining 84% of POTWS have no mercury discharge limitations. Efforts are
currently underway at the EPA to expand the number of POTWS which need to comply with
mercury discharge limitations.
FDA and OSHA
The direct, adverse effects on personal human health arising from the ingestion, use or
application of mercury and mercury compounds are regulated by the FDA and OSHA, the U.S.
federal agencies chiefly responsible for regulating healthcare and workplace safety.
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The Food, Drug, and Cosmetic Act provides authorization for the FDA to regulate the use of
mercury in food, drugs, cosmetics and medical devices. Table 2 summarizes the current FDA
regulations concerning mercury and mercury-containing compounds.
Table 2. Current FDA Mercury Regulationsa
Medium or Source

Regulations

Food:
Bottled Water
Fishc
Wheate

2 ppb (MCL) b
1 ppm action leveld
1 ppm action leveld

Cosmeticsf

65 ppm maximum permissible level

Drugs

Clinical Trialsg

Medical Devicesh

Class I and Class II Regulatory Controlsi

a. Title 21 of the U.S. Code of Federal Regulations (C.F.R. Title 21); FDA: Food and Drug Administration (U.S.
Department of Health and Human Services).
b. Maximum Concentration Limit, in parts per billion (1 µg/liter).
c. This value is an upper limit for methylmercury in the edible portion of fish, shellfish, crustaceans and other
aquatic animals (fresh, frozen or processed).
d. Strictly speaking, this is an “action level” which allows the FDA to take legal action to remove these products
from the market.
e. Pink kernels only (wheat seed grain). An “action level” for wheat which contains an average of 10 or more pink
kernels per 500 grams, and the mercury residue on the pink kernels exceeds one part per million (1 ppm); mercury
residue originating from pesticide application.
f. The use of mercury-containing chemicals as cosmetic ingredients is limited only to eye area cosmetics, provided
no other effective and safe preservative is available. All other mercury-containing cosmetics are considered
adulterated and subject to regulatory action, unless its presence occurs in trace amounts (< 1ppm) and is unavoidable
under c-GMP (current Good Manufacturing Procedures).
g. As is the case with all drugs, mercury-containing drug compositions must undergo clinical trials for the
demonstration of safety and efficacy.
h. Dental fillers, dental restoratives and related materials are all considered medical devices for regulatory purposes.
i. Dental mercury (i.e., purified elemental mercury) is considered a Class I medical device; Dental alloy is
considered a Class II device. Dental alloy is the metal alloy prior to its amalgamation or mixture with elemental,
metallic mercury. Dental mercury, being a chemical element, is regulated by the establishment of a standard of
purity (>99.99%).

Currently, the FDA has established and implemented an “action level” of 1 ppm for mercury in
seafood (1 part per million or 1 milligram of mercury per kilogram of fish or seafood, 1 mg/kg).
Strictly speaking this 1 ppm action level is for methylmercury concentrations in the edible
portions of fish, shellfish, crustaceans and other aquatic animals. Action levels for toxic
substances, including mercury, are established by the FDA to control levels of contaminants in
human food and animal feed. FDA action levels represent limits at or above which the agency
may take legal action to remove those contaminated products from the market.
Unlike the EPA, the FDA does not have a Reference Dose (RfD) which it uses in assessing
chronic mercury exposure and toxicity. The EPA’s action level of 1 ppm (methylmercury) for
fish reflects an estimate based on the adverse health effects an average 75-kilogram (165-pound)
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male would experience. This action level has come under recent criticism from the General
Accounting Office (GAO) and the National Academy of Sciences (NAS).
A recent National Research Council report (July 2000) identified fish as the major source of
human exposure to methylmercury, one of the most toxic forms of mercury. The FDA’s testing
of shark and swordfish samples found that 9 out of 18 of the samples analyzed met or exceeded
the agency’s 1 ppm action level (in 1998 and 1999). As a result of this finding, the FDA now
recommends that women who are pregnant, or who are of childbearing age and may become
pregnant, avoid eating the four species of fish known to have the highest levels or concentration
of methylmercury: shark, swordfish, king mackerel, and tilefish.
The FDA has also established and implemented an action level of 1 ppm for mercury in wheat
seed grain. This action level refers to pesticide treated grain seed containing mercury residue
resulting from the application of mercury-containing pesticide chemicals.
The use of mercury and mercury-containing compounds in drugs is regulated by virtue of the
fact that these materials, as a whole, must successfully satisfy all of the safety and efficacy
requirements associated with clinical testing and clinical trials prior to their use and application
in human healthcare.
The FDA limits the use of mercury-containing chemicals as cosmetic ingredients only to eye
area cosmetics (for e.g., mascara, etc.), provided that there is no other effective and safe
preservative available. All other mercury-containing cosmetics are considered adulterated and, as
such, are subject to regulatory action by the FDA, unless the presence of mercury occurs in trace
amounts (<1 ppm) and its presence is unavoidable under c-GMP (current Good Manufacturing
Practice).
For regulatory purposes, the FDA considers dental fillings, dental restoratives and related
materials as medical devices. The FDA classifies medical devices into three classes: Class I,
Class II and Class III with Class I requiring the least control and Class III requiring the most
stringent regulatory controls.
Presently, the FDA regulates dental mercury and dental alloy separately in two different classes.
Dental mercury (i.e., purified elemental mercury) is considered a Class I medical device and
dental alloy is considered a Class II medical device. Dental alloy is the metal alloy prior to its
amalgamation or mixture with elemental, metallic mercury.
Currently, the FDA does not have a separate classification for silver fillings or dental amalgam
(i.e., the actual dental filling material or product resulting from combining dental alloy and
dental mercury). There is an effort underway for the FDA to administratively combine dental
mercury and dental alloy into a single product category for regulatory purposes. This would
enable dental amalgam or silver fillings with its mercury component to be regulated at the higher
Class II level.
The Occupational Safety and Health Administration (OSHA) is responsible for regulating the use
of mercury and mercury-compounds at the workplace. Current worker limitations to mercury
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exposure range from 0.01 mg/m3 to 0.10 mg/m3 (milligrams of mercury compound per cubic
meter of workplace air) depending upon the mercury compound and duration of worker exposure
(Table 3).
Table 3. Current OSHA Mercury Regulationsa
Medium or Source

Regulations

Elemental Mercuryb

0.10 mg/m3 ceiling limitc

Inorganic Mercury

0.10 mg/m3 ceiling limitc

Organomercury :
alkylmercuryd
arylmercuryf

0.01 mg/m3 PELe (0.04 mg/m3 ceiling limit)
0.10 mg/m3 ceiling limitg

a. Title 29 of the U.S. Code of Federal Regulations (C.F.R. Title 29); OSHA: Occupational Safety and Health
Administration (U.S. Department of Labor); Worker and workplace legal airborne exposure limits.
b. Elemental or metallic mercury and its inorganic compounds. The National Institute for Occupational Safety and
Health (NIOSH) and the American Conference of Governmental Industrial Hygienists (ACGIH) recommended
airborne exposure limit for mercury vapor is 0.05 mg/m3 time weighted averaged (TWA) over an 8-hour work shift.
c. Acceptable airborne ceiling concentration not to be exceeded at any time; in mg/m3 = milligrams of mercury
compound per cubic meter of air.
d. Methylmercury and related organo (alkyl) mercury compounds; in mg/m3 = milligrams of mercury compound per
cubic meter of air.
e. Maximum airborne PEL’s (Permissible Exposure Limits) based on an 8-hour time weighted average (TWA)
exposure. Acceptable ceiling concentration of 0.04 mg/m3 not to be exceeded at any time.
f. Phenylmercury and related organo (aryl) mercury compounds; in mg/m3 = milligrams of mercury compound per
cubic meter of air.
g. Acceptable airborne ceiling concentration not to be exceeded at any time; in mg/m3 = milligrams of mercury
compound per cubic meter of air.

In addition to the statutory exposure limitations presented in Table 3, OSHA also requires that
employees be given written informed consent prior to the use of any toxic chemical at the
workplace. Metallic mercury as well as most mercury compounds are considered toxic chemicals
and their presence at a facility requires a Material Safety Data Sheet (MSDS). OSHA also
mandates that no employee shall be allowed to consume food or beverages in an area exposed to
mercury.
The Chemistry of Mercury
Mercury is a naturally occurring chemical element, atomic number 80. As with all of the
elements in the periodic table, it can be neither created nor destroyed. There exists a great
number of mercury compounds, both natural and synthetic. The preparation and synthesis of
novel mercury compounds still represents an active area of research in chemistry today.
Metallic or elemental mercury (i.e., Hg0) rarely exists in nature in its elemental form. It is usually
obtained commercially through the roasting of cinnabar ore (mercuric sulfide, HgS)
HgS + O2 (600 ºC)  Hg0(liq.) + SO2
9

or as a by-product from gold mining. The major source of virgin mercury in the United States is
as a gold mining by-product. Mercury is considered a rare element in the earth’s crust; however,
large deposits of its chief ore, cinnabar, can be found in Spain, China and the former Soviet
Union.
Although elemental mercury is a metal, it does not have the characteristic physical properties
usually associated with metals. It exists as a liquid under ordinary conditions (melting point = –
38.8 °C or –37.8 °F).
Elemental or metallic mercury (Hg0) is also a relatively volatile element and displays an
appreciable vapor pressure (approximately 2 x 10-3 mm or two torr or 0.27 Pascals at 25 °C),
which renders it particularly susceptible to absorption through the respiratory tract as well as
being easily transportable in the atmosphere.
Although elemental mercury is considered water insoluble and is reported in the technical
literature as water insoluble, it does have a finite water solubility of approximately 56 ppb (parts
per billion or 56 micrograms per liter of water at 25 °C), a concentration or level well above the
2 ppb statutory maximum concentration limit (MCL) for mercury in drinking or potable water in
the U.S. (EPA).
Mercury exists in nature in multiple oxidation states, ranging from elemental mercury (Hg0) to
mercurous mercury (Hg+1 ) to the mercuric ion (Hg2+ ), commonly referred to as Hg(0), Hg(I)
and Hg(II), respectively. Due to microbial action, mercury also exists in nature as the
monomethylmercury and dimethylmercury derivative of mercuric mercury:
Hg0 ' Hg+1 ' Hg+2 ' CH3-Hg+ ' CH3-Hg-CH3
In the parlance of chemistry, mercury compounds readily interconvert and exhibit both ionic and
covalent character in their bonding, important factors that govern their role and transport in the
biosphere.
Table 1. Mercury Nomenclature
Mercury Species

Name

Hg0

Elemental Mercurya

Hg+1

Mercurous Mercuryb

Hg+2

Mercuric Mercuryb

CH3-Hg+

Methylmercuryc, d

CH3-Hg-CH3

Dimethylmercuryd

a. Also referred to as metallic mercury.
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b. A form of ionic mercury.
c. Also referred to as monomethylmercury; a form of organic mercury.
d. A form of organic mercury.

The mercurous ion, i.e., Hg+1, almost always occurs bound together as dimers to form Hg2+2
ions:
2Hg+1 ' Hg2+2
In the environment, inorganic mercury compounds of the Hg+1 and Hg+2 type usually dissociate
to or decompose to form the Hg2+2 ion or the Hg+2 ion, respectively. The Hg2+2 ion often
disproportionates into Hg+2 and elemental mercury (Hg0):
HgX2  Hg+2 + 2X-1 (where X = halide, pseudohalide, etc.)
Hg2X2  Hg2+2 + 2X-1
Hg2+2 ' Hg+2 + Hg0
Elemental mercury has relatively good lipid solubility (Log Kow = 0.62), which allows it to cross
both the blood-brain barrier and the placenta. This lipid-solubility property combined with its
toxicity is largely responsible for mercury’s bioaccumulative effect and its adverse health effects,
particularly for the unborn babies of pregnant females.
Table 2 lists some octanol-water partition coefficients (Kow) for the more biologically active
mercury species that exist in the environment. Kow’s are a measure of how polar and non-polar a
chemical species is, i.e., its solubility and partitioning in water and lipids respectively. Octanol,
an oily, non-polar liquid, is used as the lipid or non-polar liquid since it has similar solubility
characteristics as biological lipids and fatty tissues.
Large values of Kow represent high lipid solubility and low water solubility; conversely, low
values of Kow are indicative of high water solubility and poor lipid solubility.
Table 2. Comparison of Water and Lipid Solubility for Some Mercury Species
Mercury Species

Name

Kow a

Log Kow b

Hg0

Elemental Mercury

4.17

0.62

Hg+2

Ionic Mercury

0.60

-0.22

CH3-Hg+

Methylmercury

2.57

0.41

Dimethylmercury

389.05

2.59

CH3-Hg-CH3

a. Kow is the octanol-water partition coefficient, a measurement of the polarity or partitioning of a chemical species
between a lipid phase (octanol) and a water phase, i.e. the polar (water soluble) and non-polar (fat soluble) character
of the chemical species. The octanol-water partition coefficient of a mercury species is determined by measuring the
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equilibrium concentration of the chemical species in each of the two phases of an immiscible, two phase system
consisting of octanol and water; and, Kow = [Concentration]octanol/[Concentration]water . For example, if 5.17
micrograms (µg) of elemental or metallic mercury (Hg0) was added to a mixture containing water and lipid
(octanol), 1 µg of Hg0 would dissolve in the water layer and 4.17 µg of Hg0 would dissolve in the lipid layer.
b. In the technical literature, octanol-water partition coefficients (i.e., Kow ) are usually reported in terms of their
logarithms, i.e. Log Kow (also referred to as Log P).
c. As points of reference, Log Kow values include -3.24 (for D-glucose), -1.85 (for ascorbic acid or vitamin C), 1.19
(for aspirin), and 5.68 (for retinol or vitamin A).

The partition coefficients presented in Table 2 illustrate the non-polar character or lipid affinity
of the various mercury chemical species that exist in the environment.
As an example of water-lipid partitioning, dimethylmercury (CH3-Hg-CH3), the most lipid
soluble mercury species listed in the Table 1, would partition itself and reside primarily
(>99.5%) in the non-polar lipid or fatty phase. In contrast, the singly positively charged monomethylmercury (CH3-Hg+) species, displaying more ionic and polar character than
dimethylmercury, would reside in both the polar aqueous phase (28%) and in the non-polar fatty
phase (72%).
The lipid solubility of these environmental mercury species is essentially responsible for
magnifying the concentration levels of these toxic chemicals in the food chain (i.e.,
biomagnification).
The high fat- or lipid-solubility of methylmercury or organomercury compounds stems from the
fact that their molecular bonding is largely covalent in character, i.e., they are relatively nonpolar molecules. As non-polar molecules, organomercury compounds have a much higher
affinity for lipids or fats. In other words, “like dissolves like” and organomercury compounds
generally display relatively large Kow values. By residing in fatty tissue, organomercury
compounds are eliminated from the body relatively slowly and therefore bioaccumulate.
Bioconcentration Factors (BCF) are a measure of how accumulative a toxic chemical or metal is
in some target organism (or biological tissue) in the biosphere. Kow’s are related to the
commonly used environmental property BCF. BCF’s are much more difficult to measure than
Kow’s. Assuming that octanol is a good model system for the biological fat of the target organism
(or tissue), then the BCF of a particular mercury species in a particular organism would be just
the octanol-water partition coefficient multiplied by the % weight (%wt.) of fat in the organism
(or tissue):
BCF = [Kow][%wt. (fat)]
Naturally occurring organic mercury compounds include methylmercury and related compounds,
generally formed by microbial (bacteria and fungi) and enzymatic action. Methylmercury exists
in two forms: mono-methylmercury (CH3-Hg+) and dimethylmercury (CH3-Hg-CH3), both are
very toxic with the latter being even more toxic since it is much more lipid soluble (Log Kow =
0.41 and 2.59 for mono-methylmercury and dimethylmercury, respectively) and more volatile
and transportable in the biosphere.
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Mercury, both its inorganic form and as the mono-methylmercury organometallic derivative,
forms very stable complexes with biomolecules, particularly with proteins that contain sulfhydryl
groups (-SH or thiol functionality). A manifestation of mercury’s very strong affinity for sulfur
and the sulfhydryl functionality (and cysteine residues) is that mercury is capable of inactivating
the sulfhydryl-containing enzymes at very low concentrations thereby interfering with and
adversely affecting normal cellular function and cellular metabolism.
Tables 2 and 3 illustrate the strong affinity of mercury to form complexes with sulfur-containing
ligands or molecules. Binding constants (given in terms of a logarithmic scale) are a measure of
the stability of compound formation, the larger the binding constant, the more stable the
compound. Tables 2 and 3 demonstrate that many of the mercury-sulfur compounds of biological
importance, once formed, are very stable.
As an historical aside, the name mercaptan, chemical nomenclature for thiols or sulfurcontaining compounds, is derived from the mercury name and reflects the strong tendency of
sulfur-containing chemicals to bind with mercury.
Table 2. Binding Constants for Some Mercury Complexes of Biological Importancea
Cysteine

Methionine

Glutathione

Hg+2

14.2

6.5

N.A.b

CH3-Hg+

16.6

7.4

15.9

a. At 25 °C and µ = 0.1 (i.e., ionic strength of 0.1). Binding constants (also referred to as stability or formation
constants) are given in terms of log K where K= [ML]/[M][L] for the equilibrium reaction: M + L ' ML where
[M] is the concentration of mercury species, [L] is the ligand concentration of interest: cysteine, methionine and
glutathione and, [ML] is the concentration of the mercury-ligand complex. As a point of reference, log K = 21.5 for
the Hg+2 and EDTA complex (ethylenedinitrilotetraacetic acid; drug form: CaNa2EDTA = Calcium Disodium
Versenate) under identical conditions. From Smith et al.
b. Not Available.

Mercury’s strong affinity and tendency to form coordination compounds and complexes (for e.g.,
bidentate and multidentate complexes) is also the basis for the use of chelation therapy in the
treatment of mercury poisoning.
Table 3. Binding Constants of Chelation Drugs in the Treatment of Mercury Poisoninga
Dimercaprolb

D-Penicillaminec

N-Acetyl-D-Penicillamine

Dimavald

Hg+2

25.7

16.2

N.A.e

N.A.e

CH3-Hg+

19.6

16.8

16.5

9.6
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a. At 25 °C and µ = 0.1 (i.e., ionic strength of 0.1). Binding constants (also referred to as stability or formation
constants) are given in terms of log K where K= [ML]/[M][L] for the equilibrium reaction: M + L ' ML where
[M] is the concentration of mercury species, [L] is the ligand concentration of interest: dimaval, penicillamine and
dimercaprol and, [ML] is the concentration of the mercury-ligand complex. As a point of reference, log K = 21.5 for
the Hg+2 and EDTA complex (ethylenedinitrilotetraacetic acid; drug form: CaNa2EDTA = Calcium Disodium
Versenate) under identical conditions. From Smith et al.
b. 2,3-Dimercapto-1-propanol (synonyms: BAL, British Anti-Lewisite).
c. D-2-Amino-3-mercapto-3-methylbutanoic acid (synonyms: DPA, dimethylcysteine; brandnames: Cuprimine®,
Depen®, Distamine®, Pendramine®).
d. 2,3-Dimercapto-1-propanesulfonic acid (synonyms: DMPS, Unithiol).
e. Not Available.

Mercury coordination complexes and chelates will dissociate and release free mercury ions
depending upon the binding constant. The higher the binding constant, the less free mercury is
available. Note also that the binding constant is given as a logarithmic scale and each integral
increment corresponds to a factor of 10x. For example, the mercury coordination complexes
presented in Tables 2 and 3 with their relatively large binding constants would all exist
essentially in the bound form (>99.9999%) under normal or neutral pH conditions.
Mercury also forms good mixtures or alloys with other metals. Mercury alloys are most often
referred to as “amalgams” largely due to the fact that liquid, elemental mercury actually
dissolves and solubilizes other metals under ambient conditions thereby forming a mixture or an
amalgam of materials. The resulting mercury-metal amalgam or alloy is a solid mixture with
characteristically different materials properties than that of any of its constituent components,
analogous to bronze, steel, pewter and related metal alloys.
The structure and properties of mercury amalgams, like all alloys, are best understood in terms of
phase diagrams. Ordinarily we consider there to be three phases or states of matter: solid, liquid
and gas. In materials science, however, the solid phase is further characterized by additional
phases distinguishable by the nature and arrangement of the different atomic or metallic
components in the material or alloy.
The different phases in materials science are usually referred to and prefixed with Greek letters
and are often subscripted with Arabic numerals. For example, the α-, β- or γ-phase or the γ1-, γ2-,
and γ3-phase of an alloy or amalgam. Phases refer to and contain characteristically different
metal elemental ratios or stoichiometries (for e.g., different intermetallic components: Ag2Hg3,
Sn7Hg, etc.) and hence characteristically different materials properties (i.e. creep, corrosion,
etc.).
Different parts of an alloy may be richer or weaker in one phase or another. For example, dental
amalgam may have mercury-rich phases (for e.g., Ag2Hg3) in the interior or in the bulk of the
amalgam material and mercury-poor phases (for e.g., Sn7Hg) at the solid-air or solid-liquid
interface, i.e. at the surface of the amalgam material. The bulk macroscopic materials properties
as well as the surface properties of amalgams and alloys depends upon the disposition and
structure of the alloy at the molecular level (i.e., its phase composition).
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The structure and disposition of the phases of a particular alloy or amalgam will be highly
dependent upon the initial concentration of materials, i.e. the nature and quantity of the
individual metallic components, as well as the conditions in which the alloy or amalgam is
formed or prepared.
Mercury’s ability to form relatively stable metal alloys or amalgams with unique materials
properties is the basis for its use as a restorative or filler in dentistry.
Environmental Chemistry
The conversion of ionic mercury or dissolved mercury into mercuric sulfide (HgS) has
historically been considered an important means of sequestering mercury in the environment. For
all practical purposes HgS displays no finite or measurable solubility in water under typical
environmental conditions. The aqueous solubility product constant for mercuric sulfide is
approximately 10-32 (i.e., Ksp(HgS) ≅ 1 x 10-32):
HgS(solid) ' Hg+2 (aq.) + S-2 (aq.)

Keq = Ksp = [Hg+2][S-2] ≅ 1 x 10 -32

In other words, the dissolved mercury concentration in aqueous solution resulting from the
dissolution of solid HgS is about 2x10-8 ppb (parts per billion) or 20 parts per quintillion.
Solid HgS can, however, exist as extremely small particles and as colloidal materials ranging in
size from about 100Å (Angstroms) or less, which makes them relatively difficult to remove by
conventional filtration processes. These colloidal particles are very transportable in the
environment, and, as extremely small particles, they are readily accessible to redox chemistry
(chemical reduction-oxidation reactions). Mercuric oxide (HgO) can also undergo redox
chemistry.
Under the appropriate conditions, redox reactions can solubilize the mercury contained in HgS
and therefore release additional mercury into the environment. One mechanism of action is
thought to be an oxidation of the sulfide (ultimately to the sulfate), in combination with or in the
absence of light, with concomitant release of mercury ions:
HgS    HgSO4  Hg+2 (aq.) + SO4-2 (aq.)
HgS undergoes oxidation reactions, particularly in the presence of light (sunlight) as well as in
the presence of chemical agents or reagents.
Increasingly more evidence is suggesting that HgS may not play as a benign role in the biosphere
as originally thought, i.e. HgS may not be completely sequestered in the environment. Both HgS
redox chemistry and the binding of HgS to DOM (Dissolved Organic Matter) can remobilize
mercury into the environment. DOM in aquatic systems, for example the humic acids, fulvic
acids and related materials, is known to bind metals and affect their speciation, transport and role
in the environment. Recent studies have demonstrated that dissolved organic matter solubilizes
HgS, even in sulfidic environments.
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There are a relatively large number of mercury compounds- both natural and synthetic. However,
in the ecosystem, the most important and biologically active mercury species are elemental
mercury (Hg0 ), ionic mercury (Hg2+2 and Hg+2 ), mercuric sulfide (HgS), and organic mercury,
particularly monomethylmercury (CH3-Hg+).
Mercuric sulfide (HgS) was once considered essentially non-labile and was considered a
chemical “sink” (once formed, it is precipitated and essentially removed from the mercury
cycle). However there is increasing evidence that HgS may be remobilized into the environment.
The primary labile forms of mercury found in the environment, originating from either natural or
synthetic sources, include Hg0 , Hg2+2, Hg+2, CH3-Hg+ and CH3-Hg-CH3 :
Hg0 ' Hg+1 ' Hg+2 ' CH3-Hg+ ' CH3-Hg-CH3
The mercurous ion Hg2+2 readily oxidizes to Hg+2 or disproportionates to Hg+2 and Hg0 under
most environmental conditions therefore the chemistry and physiology of Hg2+2 is essentially that
of Hg0 and Hg+2.
Hg2+2  Hg+2 + Hg0
In contrast to biological speciation, the different mercury compounds that exist in the
environment, naturally or from anthropogenic sources, is often referred to as chemical
speciation.
Mercury chemical speciation is a relatively facile transformation that readily and routinely
occurs in the biosphere. The important biologically active Hg0 , Hg2+2, Hg+2, and methylmercury
species readily interconvert in vivo and in vitro.
Energetically speaking, the free energies (∆G) associated with chemical bond breaking and
chemical bond formation (and chemical reduction-oxidation or redox reactions) for the different
mercury species are all well within the realm of the accessible “energetics” available in the
biosphere.
Multiple chemical reaction pathways exist for the interconversion of the different mercury
species in vivo- through the biochemical action of enzymes and microorganisms, as well as in
vitro- through the chemical action of the elements: air (oxygen), light (photochemistry) and
water (hydrolysis).
For example, the following chemical and biochemical transformations readily occur in the
biosphere:
Hg0 + air + sunlight  Hg+2
Hg0 + catalase (enzymatically)  Hg+2
Hg+2 + microbially (reductase)  Hg0
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Hg+2 + microorganisms  CH3-Hg+
CH3-Hg+ + microorganisms (methanogens)  Hg0 + CH4
CH3-Hg+ + H+ + microbially (lyase)  Hg0 + CH4
Sulfate Reducing Bacteria  H2S  H2S + Hg+2  HgS + Hg2S
HgS + Thiobacillus spp.  H2S + Hg+2
The inherent nature of the chemical bonding of mercury compounds is ultimately responsible for
their unique properties and reactivities. These properties and reactivites are, in turn, reflected in
their transport, partition, and distribution in the environment as well as in their transport,
partition, and distribution in living organisms (mammal, bird, fish, etc.).
U.S. Mercury Use and Emissions
Mercury Use
According to the U.S. Geological Survey (USGS), overall mercury consumption in the U.S. has
decreased significantly since the early 1980’s. Regulatory efforts and concerns regarding the
environmental fate of mercury-containing products have been steadily driving mercury
consumption downward.
In 1997, the single largest domestic use of mercury was in the chlor-alkali process, i.e. the
electrolytic generation of chlorine (Cl2) and caustic soda (NaOH) from aqueous brine (NaCl)
solutions:
2NaCl (aq.) + 2H2O  H2 (g) + Cl2 (g) + 2NaOH (aq.)
The electrochemical cell used to carry out the electrolysis reaction employs mercury as the
electrode.
Table 1 summarizes the major uses of mercury in the U.S. and Figure 1 graphically depicts
relative U.S. consumption of mercury depending upon source or category.
Table 1. U.S. Domestic Mercury Consumptiona
Mercury Source
Chlorine & Caustic Manufacturec
Electrical: Wiring Devices & Switches
Dental Amalgam
Electric Lighting
Instruments: Measuring & Control
Otherd
Total
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Amountb (tons)
160
57
40
29
24
36
346 tons

a. U.S. Geological Survey (USGS) estimates; taken from the USGS 1997 Minerals Yearbook.
b. For 1997, the last year the USGS provided mercury consumption data.
c. Chlor-Alkali Industry.
d. Other uses include mercury used in chemicals, batteries and laboratory instruments; amounts
used in these other categories are often withheld to avoid disclosing company proprietary
information.

U.S. Mercury Consumption
Other
10.4%
Instruments
6.9%
Chlor-Alkali
46.2%

Lighting
8.4%
Dental
11.6%

Electrical
16.5%

Figure 1. U.S. Mercury Use (1997, USGS).
The chlor-alkali industry, the single largest consumer of mercury, has voluntarily committed to a
50% reduction of mercury use by 2005. The chlor-alkali industry’s annual disclosure to the EPA
reports a usage of 107 tons of mercury in 1999, down from 160 tons in 1997. It appears that the
chlor-alkali industry is well on its way to meeting its mercury reduction goal.
Mercury use in the U.S. has dropped from 2,033 tons in 1980 to 346 tons in 1997, a decline of
about 83%. According to the USGS, mercury use continues to decline in all categories except in
dental use and lighting. Mercury usage in the dental industry appears to remain steady at about
40-50 tons per year. Domestic mercury consumption for 2001 is estimated to be about 220 tons,
of which dental amalgam usage is estimated to be about 48 tons. Although mercury consumption
for the dental industry has remained relatively constant, its percentage of the total has increased
from about 2% in 1980 to about 22% in 2001.
Mercury Emissions
There has been no increase or decrease in the total amount of mercury on planet earth since it
was formed over 4 billion years ago. Extraterrestrial sources of mercury or entry of mercury into
the earth’s sphere from outer space (for e.g., meteorites) and planetary loss of mercury from the
earth out-gassing remain negligible contributors to the overall amount of mercury on planet
earth.
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In contrast, the amount of mercury available to circulate within the environment has increased
continually since the beginning of the industrial age. The increasing pace of global
industrialization is predicting an increasing amount of mercury emissions into the environment
from anthropogenic sources.
Both natural and human activities give rise to an increased cycling of mercury into the
environment. Presently, it is estimated that about 60% of the global emissions of mercury into
the atmosphere comes from anthropogenic sources and the remaining 40% from natural sources.
Natural sources of mercury include volcanoes, geologic or mineral deposits and volatilization or
evaporation from the earth’s oceans.
The focus of the present account is on mercury emissions into the environment from
anthropogenic or human related activities. It is these anthropogenic sources of mercury that are
causing an increase in the levels of mercury in the biosphere above that of their natural or
background levels.
Mercury and mercury emissions into the environment have been studied by many international
and national organizations. Global mercury studies include studies conducted by the United
Nations Environment Programme (UNEP) and the World Health Organization (WHO). In the
United States, the Environmental Protection Agency (EPA) and the Department of Energy
(DOE) have conducted the most studies concerning mercury emissions, particularly emissions
into the atmosphere. Other U.S. government organizations studying mercury and its emissions
include the National Science Foundation (NSF), the U.S. Geological Survey (USGS), the
General Accounting Office (GAO) and several other state and local organizations.
Table 2 summarizes the primary sources of mercury emissions in the United States for 19941995, years in which there is sufficient data. The major human activity contributing to
anthropogenically-emitted mercury is that from the burning of fossil fuels and waste (>88%).
Table 2. U.S. Annual Anthropogenic Mercury Emissionsa
Amountb (tons/year)

Mercury Source
Major Sources:
Coal Burning Utility Plants
Boilers:
Commercial
Residential
Municipal Waste Combustors
Medical Waste Incinerators

52.0
32.1
28.8
3.3
29.6
16.0

Hazardous Waste Combustors
Chlor-Alkali Industry
Portland Cement
Lamp Breakage
Pulp & Paper Industry
General Laboratory
Dental Preparations

7.1
6.5
4.4
3.1
1.7
1.4
0.6

Other Sources:
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Total

154.5 tons/year

a. Environmental Protection Agency.
b. Given in tons per year, 1994-1995.

The largest single contributor to U.S. mercury emissions is that from coal-fired utilities (33.7%).
Figure 2 depicts a graphical overview of annual mercury emissions in the United States based on
the relative contribution of the different anthropogenic or human-derived activities.
U.S. Mercury Emissions
Muni Waste
19.2%

Portland Cement
2.8%

Med Waste
10.3%

Boilers
20.7%

Other
16.0%

Chlor-Alkali
4.2%

Lamp Breakage
2.0%
Pulp & Paper
1.1%
General Lab
0.9%
Dental
0.4%
Haz Waste
4.6%

Coal Utilities
33.7%

Figure 2. Annual U.S. Emissions of Mercury into the Environment (EPA).
Mercury released from the burning of fossil fuels is actually natural mercury which was once
sequestered but is volatilized and mobilized into the environment as a result of the fuel burning
or combustion process. Mercury exists naturally in varying concentrations in all fossil fuels. The
largest concentrations of mercury are found in coal, with amounts that are highly dependent upon
the type of coal (for e.g., anthracite, bituminous, etc.). Lesser amounts of mercury occur
naturally in petroleum and even smaller amounts are found in natural gas.
Mercury released from incinerators and combustors is generally from unnatural sources or from
products of manufacture such as batteries, paints, fluorescent lamps and the incineration of
medical, hazardous and sludge wastes.
At first glance, it appears that mercury from dental sources contributes an insignificant amount
of mercury cycling into the environment; however, mercury originating from dental sources is
also included in the municipal and medical waste incineration category and may also be included
in the hazardous waste category. Estimates from the present account suggest that dental mercury
emissions may contribute from 4% to 19% to the overall mercury emissions, significantly
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different from published reports. Ultimately all dental mercury will end up in the environment,
the key issue is just how dispersed that mercury will be.
The results presented in Table 2 and Figure 2 are based on EPA and industry estimates. Although
these estimates are the best available estimates regarding U.S. mercury emissions, they are
fraught with a great deal of uncertainty. In many instances the reported values are based on
indirect measurements or rely on additional underlying estimates and assumptions.
Reported mercury emissions may be largely underestimating the actual amounts of mercury
discharged annually into the environment. In a later section, we assess and comment on these
emission estimates, particularly as they pertain to mercury emissions from the dental industry.
Mercury in Dentistry
The dental operatory may encounter mercury in several forms:
(1) Elemental mercury (Hg0): in liquid form, which is used to form amalgams, and its vapors.
(2) Mercury amalgam and associated intermetallic mercury compounds (e.g., Ag2Hg3, Sn2Hg).
(3) Ionic mercury (Hg+2and Hg+1) from oxidation of mercury and its intermetallic compounds.
(4) Mercuric sulfide (HgS) from microbial action and decay.
(5) Colloidal mercury: mercury attached to biomolecules (for e.g., sulfhydryl-containing
proteins), mercury attached to inorganic substrates, and colloidal mercury amalgam particles.
Each of these different forms of mercury may enter the biosphere and exert its adverse effects on
the environment and ultimately on human health. Recognition of the hazards associated with the
handling and use of mercury in the dental operatory has led to an active search for new mercuryfree amalgams and metal-free dental composites. Mercury free or reduced amalgam alternatives
include gold and ceramic inlays, gallium alloys, and packable resin composites. However,
mercury amalgam still remains the most widely used dental filling to date.
Professionals, including scientists, dentists and physicians, are well aware of the hazardous
nature of mercury and usually exercise all of the appropriate cautions and practices when using
mercury and mercury compositions. Laboratories are statutorily required to safely use and
dispose of all toxic and hazardous chemicals including mercury and mercury compounds.
Typically, silver fillings or dental amalgam consists of about equal parts of mercury and a metal
alloy. This metal alloy, which is often referred to as dental alloy or amalgam alloy, is the dental
amalgam precursor. The dental alloy is primarily composed of silver, tin and copper and often
contains small or trace amounts of zinc and other minor metal components. It is mixed or
amalgmated with elemental mercury just prior to its use to form the dental amalgam or silver
filling.
The two materials comprising silver fillings (mercury metal and dental alloy) are physically
mixed or triturated to the consistency of a paste just prior to use and then set into place in the
tooth and allowed to harden. The placed amalgam material is shaped and any excess amalgam is
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scraped and removed at the dental operatory. Amalgam fillings are the most widely used dental
filler materials in the world for dental carries or cavities.
A good deal of control over the variation of the metal composition in the dental alloy is provided
by manufacturing standards adopted by professional dental organizations and manufacturers of
dental materials. Table 1 lists the more common standards for dental alloys. In addition to the
alloy metal compositions shown in Table 1, manufacturers or professional organizations provide
standard instructions for the proportions of mercury and alloy to be mixed for final
amalgamation to form the silver filling.
Mercury for dental use is always composed of high purity elemental mercury. The European and
International standards for dental mercury, i.e., EN 21560 (1991) and ISO 1560 (1985),
respectively, are identical and require dental mercury purity to be greater than or equal to
99.99% elemental mercury (Hg).
There is a great deal of compositional flexibility regarding the amalgam standards which have
been adopted by professional organizations (note the ANSI/ADA standards in Table 1 footnotes
f, g, h and i). This compositional flexibility is due primarily to the fact that standard
specifications regarding amalgams need to address the materials properties of the alloy or filling,
namely its compressive strength, dimensional stability, and creep. Satisfying these physical
properties specifications confers a great deal of flexibility regarding the amalgam metal
composition.
Table 1. Standards for Dental Alloy Compositionsa
EN 21559b
Silver (Ag)
Tin (Sn)
Copper (Cu)
Zinc (Zn)
Mercury (Hg)
Indium (In)
Palladium (Pd)
Platinum (Pt)

ISO 1559c

40% (min.)
32% (max.)
30% (max.)
2% (max.)
3% (max.)
---- e
---- e
---- e

40% (min.)
32% (max.)
30% (max.)
2% (max.)
3% (max.)
5% (max.)
1% (max.)
1% (max.)

ANSI/ADAd
f
f
g
g, i
g
h
h
h

a. min.= minimum concentration (%, by wt.); max.= maximum concentration (%, by wt.). The composition or purity
of the dental mercury used in amalgamating the dental alloy to form the silver filling is given in EN 21560 (1991)
and ISO 1560 (1985), which are identical: greater than or equal to 99.99% elemental mercury (Hg).
b. European standards or European Norms: EN 21559 (1991).
c. International Organization of Standards: ISO 1559 (1995).
d. ANSI: American National Standard Institute; ADA: American Dental Association.
e. No standards currently available for these metals.
f. According to ANSI/ADA Specification No. 1 (1979), Reaffirmed (1993), “The chemical composition shall consist
essentially of silver and tin”.
g. Further to ANSI/ADA Specification No. 1 (1979), Reaffirmed (1993), “Copper, Zinc, gold, and/or mercury may
be present in amounts less than the silver and tin content”.
h. Further to ANSI/ADA Specification No. 1 (1979), Reaffirmed (1993), “Other elements may be included provided
the manufacturer submits the composition of the alloy and the results of adequate clinical and biological
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investigations to the Council on Dental Materials and Devices, American Dental Association, to show that the alloy
is safe to use in the mouth as directed in the manufacturer’s instructions”.
i. . Further to ANSI/ADA Specification No. 1 (1979), Reaffirmed (1993), “Alloys containing zinc in excess of
0.01% shall be described as zinc-containing. Those alloys containing zinc equal to or less than 0.01% shall be
designated as nonzinc”.

There are many commercially available dental alloys with varying metal compositions which all
satisfy the appropriate EN, ISO or ANSI/ADA standards regarding compositional and materials
properties specifications. Table 2 lists the metal compositions of some of the more common
brands of dental alloys and amalgams commercially available to the dental operatory or practice.
Table 2. Composition of Some Commercially Available Dental Alloys and Amalgamsa
Brand Name

Sourced

Amalgam Compositionk
Alloy:Hgj
% Hgb

Dental Alloy Compositionc
% Ag
% Sn
% Cu
Other (%)e

AC 70
AdvanceTM (i)
Alldent (q)
ANA 70m
ANA 90
ANA 2000n
ANA 3000
Amalcap F u
Amalcap Plus u
Amalcap SAS u
Ardent Futura u
Ardent High Silver x
Ardent NG-2 70 u
Aristaloy
Aristaloy 21
Artalloy
Blend-A-Dispers
Cavex Avalloy y
Cavex NonGamma-2 y
Cavex Octight y
Cavex Result y
ContourTM
Dauerkapsel F
DentalloyTM (h)
Dentina 68 F
Dentina 70 t
Dispersalloy
Duralloy
F-400TM
GS-80TM
Heragram 48 u
Ihdentalloy u
Ihdentalloy 60%
Ihdentalloy Special
Ihdentalloy Exclusive u
IndiloyTM
LojicTM

DMG
SS White
Alldent
Nordiska
Nordiska
Nordiska
Nordiska
Vivadent
Vivadent
Vivadent
Ardent
Ardent
Ardent
Goldsmith
Goldsmith
Degussa
P&G
Cavex
Cavex
Cavex
Cavex
Kerr
J&J
SS White
Dentina
Dentina
Dentsply
Degussa
SDI
SDI
Heraeus
Ihde
Ihde
Ihde
Ihde
Shofu
SDI

1.0 : 1.06
1.0 : 1.0
1.0 : 1.0
1.0 : 1.0
1.0 : 1.0
1.0 : 1.0
1.0 : 1.0
1.0 : 0.93
1.0 : 1.0 w
1.0 : 0.91
1.0 : 1.0
1.0 : 0.9
1.0 : 1.0
1.0 : 1.0
1.0 : 1.0
1.0 : 1.0
1.0 : 1.2
1.0 : 1.03
1.0 : 1.07
1.0 : 0.73
1.0 : 1.07
1.0 : 0.89
1.0 : 1.0
1.0 : 1.3
1.0 : 1.4
1.0 : 1.2
1.0 : 1.0
1.0 : 1.0
1.0 : 1.1
1.0 : 0.92
1.0 : 0.75
1.0 : 0.95
1.0 : 0.95
1.0 : 0.95
1.0 : 1.1
1.0 : 0.84
1.0 : 0.76

69.3%
44.5%
44.0%
69.3%
48.0%
43.0%
51.0%
71.0%
70.1%
70.1%
44.5%
68.0%
70.0%
68.4%
45.0%
80.0%
70.0%
45.0%
69.2%
60.0%
69.2%
41.0%
69.5%
70.5%
68.0%
70.0%
69.3%
50.0%
70.0%
40.0%
48.0%
63.3%
68.0%
72.5%
53.3%
60.6%
46.0%

51.5%
50.0%
50.0%
50.0%
50.0%
50.0%
50.0%
48.2%
50.0%w
47.6%
50.0%
47.4%
50.0%
50.0%
50.0%
50.0%
54.5%
50.7%
51.7%
42.2%
51.7%
47.0%
50.0%
56.5%
58.3%
54.5%
50.0%
50.0%
52.4%
47.9%
42.9%
48.7%
48.7%
48.7%
52.4%
45.7%
43.2%
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19.4%
30.0%
29.75%
19.4%
28.7%
29.6%
29.0%
26.0%
18.0%
18.0%
30.0%
27.0%
18.0%
26.7%
31.0%
7.0%
18.0%
30.5%
18.6%
28.0%
18.6%
31.0%
17.7%
25.9%
26.0%
18.5%
17.9%
30.0%
N.A.f
31.3%
30.0%
19.4%
27.0%
26.0%
26.2%
24.0%
29.0%

10.9%
25.5%
25.0%
10.9%
21.3%
25.4%
20.0%
30.0%
11.9%
11.9%
25.5%
5.0%
12.0%
4.3%
24.0%
13.0%
12.0%
24.0%
11.9%
12.0%
11.9%
28.0%
11.8%
2.6%
5.3%
11.0%
11.8%
20.0%
N.A.f
28.7%
22.0%
10.9%
4.0%
1.4%
17.5%
12.1%
24.0%

Zn (0.4%)
None
Hg (1.25%)
Zn (0.4%)
Hg (2.0%)
Hg (2.0%)
None
None
None
None
None
None
None
Zn (0.6%)
None
None
None
Zn (0.5%)
Zn (0.3%)
None
Zn (0.3%)
None
Hg (1.0%), Zn (1.0%)
Zn (<1%)
Zn (0.7%)
Zn (0.5%)
Zn (1.0%)
None
N.A.f
None
None
Hg (0.4%)
Zn (1.0%)
Zn (0.1%)
N.A.f
In (3.4 %)
In (0.95%), Pt (0.05%)

Lojic PlusTM
Luxalloy
Marvalloy II
Megalloy
Mixalloy
New UltrafineTM
Oralloyr
Original DTM
Permite CTM
Phasealloy
Safargam NG2
Safargam Special
SecurealloyTM
Septalloy NG50TM (o)
Septalloy NG70TM (p)
Silber 70
Solila Nova u
Standalloy
Spheralloy
Standalloy F
SybraloyTM
TytinTM
Tytin FCTM
Unison
ValiantTM
Valiant Ph.D. TM
Valiant Ph.D. XT
Valiant Regular
Veraloy
Vivalloy HR u
Vivicap u
Zenith Premium
Zenith Royale
Zenith Type T

SDI
Degussa
DMP
Dentsply
Dentoria
SDI
Coltène
Wykle
SDI
Wykle
Safina
Safina
Septodont
Septodont
Septodont
DMG
Dentsply
Degussa
Dentoria
Degussa
Kerr
Kerr
Kerr
Dentsply
Ivoclar
Ivoclar
Dentsply
Dentsply
Goldsmith
Vivadent
Vivadent
Zenith
Zenith
Zenith

1.0 : 0.73
1.0 : 1.2
1.0 : 0.86
1.0 : 0.74
1.0 : 1.1
1.0 : 1.2l
1.0 : 0.94
1.0 : 1.0
1.0 : 0.92
1.0 : 1.01
1.0 : 1.0
1.0 : 1.0
1.0 : 0.73
1.0 : 1.0
1.0 : 1.2
1.0 : 1.14
1.0 : 1.15
1.0 : 1.23s
1.0 : 0.65
1.0 : 1.15
1.0 : 0.80
1.0 : 0.74
1.0 : 0.75
1.0 : 0.73
1.0 : 0.75
1.0 : 0.90
1.0 : 0.9
1.0 : 1.04v
1.0 : 1.0
1.0 : 1.0
1.0 : 1.0
1.0 : 1.0
1.0 : 1.0
1.0 : 0.75

42.2%
54.5%
46.2%
42.5%
52.4%
54.5%g
48.5%
49.9%
47.9%
50.2%
50.0%
50.0%
42.0%
50.0%
54.5%
53.3%
53.5%
55.2%s
39.4%
53.5%
44.5%
42.5%
43.0%
42.0%
42.7%
47.6%
47.4%
51.0%v
50.0%
50.0%
50.0%
50.0%
50.0%
42.9%

60.1%
70.0%
46.0%
56.7%
68.8%
55.0%
59.0%
69.5%
56.0%
65.9%
42.0%
69.4%
59.5%
50.0%
70.0%
69.3%
47.0%
68.0%
60.0%
71.0%
41.0%
59.0%
61.0%
56.7%
49.5%
N.A.f
52.5%
50.0%
45.0%
46.5%
46.5%
58.0%
41.0%
60.0%

28.05%
18.0%
30.5%
28.6%
18.55%
N.A.f
28.0%
17.5%
27.9%
18.9%
26.5%
4.6%
27.5%
30.0%
18.5%
19.4%
30.0%
26.4%
28.0%
25.7%
31.0%
28.0%
26.0%
28.6%
30.0%
N.A.f
29.5%
30.0%
31.0%
30.0%
30.0%
27.0%
32.5%
27.0%

11.8%
12.0
23.5%
14.7%
12.65%
N.A.f
13.0%
12.0%
15.4%
14.5%
31.5%
26.0%
13.0%
20.0%
11.0%
10.9%
20.0%
5.6%
12.0%
3.3%
28.0%
13.0%
13.0%
14.7%
20.0%
19.0%
17.5%
20.0%
24.0%
23.5%
23.5%
15.0%
26.5%
13.0%

Pt (0.05%)
None
None
None
None
N.A.f
None
Zn (1.0%)
In (0.5%), Zn (0.2%)
Zn (0.8%)
None
Hg (N.A.f)
None
None
Zn (0.5%)
Zn (0.4%)
Hg (3.0%)
None
None
None
None
None
None
None
Pd (0.5%)
Pd (0.5%)
Pd (0.5%)
Pd (0.5%)
None
None
None
None
None
None

a. As reported in the product literature of the manufacturer or supplier; composition is given as % by weight; %
composition is subject to change and fluctuation at the discretion of the manufacturer or supplier.
b. % Hg in dental amalgam (i.e., combined dental alloy and mercury); dental alloy = mixture of metals; amalgam =
dental alloy plus mercury. The preparation of dental amalgam entails the admixture of mercury to a dental alloy
powder.
c. % Metal in dental alloy prior to its amalgamation with mercury; morphologies of dental alloy particles include
spherical (spheres) and lathe-cut rods; dental alloy = mixture of metals; amalgam = dental alloy plus mercury.
d. Alldent: Alldent AG, Liechtenstein; Ardent: Ardent AB, Marsta, Sweden; BJM: BJM/Silmet, Or-Yehuda, Israel;
BJM Labs : BJM Laboratories, Ltd., Or-Yehuda, Israel; Cavex: Cavex Holland B.V., Haarlem, The Netherlands;
Coltène: Coltène/Whaledent, Inc., Mahwah, NJ; Degussa: Degussa Dental GmbH, Hanau-Wolfgang, Germany;
Dentina: Henry Schein-Dentina GmbH, Germany; Dentoria: Dentoria, Fontenay sous Bois, France; Dentsply:
Dentsply L.D. Caulk Division, Milford, DE; DMG: DMG Hamburg, Hamburg Germany; DMP: D.M.P. Limited,
Athens, Greece; Goldsmith: Goldsmith & Revere, Inc., Englewood, NJ; Heraeus: Heraeus Kulzer Dental GmbH &
Co. KG, Hanau, Germany; Ihde: Dr. Ihde Dental GmbH, Eching/Munich, Germany; Ivoclar: Ivoclar Vivadent, Inc.,
Amherst, NY; J&J: Johnson & Johnson Medical GmbH, Norderstedt, Germany; Kerr: Kerr Corporation, Division
of Sybron Dental Specialties, Inc., Orange, CA; Nordiska: Nordiska Dental AB, Ängelholm, Sweden; P&G: BlendA-Med (Procter & Gamble GmbH), Germany; Safina: Safina A. S., Vestec, Prahy, Czech Republic; Septodont:
Specialities Septodont, St. Maur des Fosses, France; Shofu: Shofu, Inc., Kyoto, Japan; Silmet: Silmet Ltd., OrYehuda, Israel; SDI: Southern Dental Industries, Inc., San Francisco, CA; SS White: SS White Group, Gloucester,
UK; Vivadent: Ivoclar Vivadent AG, Schaan, Liechtenstein; Wykle: Wykle Research, Inc., Carson City, NV;
Zenith: Zenith/DMG Brand Division, Foremost Dental Manufacturing, Inc., Englewood, NJ.
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e. Hg = Mercury, Ag = Silver, Sn = Tin, Cu = Copper, In = Indium, Zn = Zinc, Pt = Platinum, Pd = Palladium, Ga =
Gallium
f. N.A. = Not Available.
g. 52.4 -56.5%
h. New True DentalloyTM; Alloy/Hg=1.0/1.3; Ag: 70-71%, Sn: 25.5-26.2%, Cu: 2.3-2.8%, Zn (<1%).
i. AdvanceTM; Alloy/Hg=1.0/1.3; Ag: 70-71%, Sn: 25.5-26.2%, Cu: 2.3-2.8%, Zn (<1%).
j. Optimal dental alloy to mercury ratio, as reported by the manufacturer.
k. Dental amalgam is composed of dental alloy and elemental mercury usually prepared by combining an
appropriate amount of spill (dental alloy) with elemental mercury. The spill is amalgamated with mercury in the
appropriate proportion of Alloy:Hg ratio, as recommended by the manufacturer; single spill approx. 400 mg alloy,
double spill approx. 600 mg alloy, triple spill approx. 800 mg alloy, and five spill approx. 1200 mg alloy.
l. Ratios of 1/1 to 1/1.3 may also be employed.
m. ANA/Epoque 70.
n. ANA/Epoque 2000.
o. Septalloy Non-Gamma 2 NG50.
p. Septalloy Non-Gamma 2 NG70.
q. Alldent Non-Gamma 2.
r. For Oralloy powder; Oralloy tablets have the same alloy composition but the amalgam is formed using a ratio of
1/ 0.91, alloy to mercury; similarly, Oralloy Magicaps employ a ratio of 1/0.90, alloy to mercury.
s. Ranging from 1/1.20 to 1/1.25, alloy to mercury ratio i.e., %Hg ranging from 54.5% to 55.6%.
t. Dentina 70 Non-Gamma 2.
u. Non-Gamma 2.
v. Ranging from 1/0.75 to 1/1.33, alloy to mercury ratio i.e., %Hg ranging from 42.9% to 57.1%.
w. Ranging from 1/1.05 to 1/0.95, alloy to mercury ratio i.e., %Hg ranging from 48.7% to 51.2%.
x. Ardent High Silver Conventional.
y. Approximate percentages, as reported by the supplier.
z. Supplier suggests alloy to mercury ratios ranging from 1/1 to 1/1.02, which corresponds to a mercury composition
ranging from 50.0% to 50.5%, respectively.

In summarizing the information presented in Table 2, the largest component in dental amalgam
is mercury. Additional major components include silver, tin and copper; and, depending upon the
particular brand, minor and trace metal components include zinc, indium, platinum and
palladium. In particular:
Major Components in Silver Fillings (Dental Amalgam):
Mercury (Hg):
42.0% - 58.3%
Silver (Ag):
20.5% - 40.0%
Tin (Sn):
4.6% - 17.2%
Cu (Cu):
0.7% - 15.7%
Minor and Trace Components in Silver Fillings (Dental Amalgam):
Zinc (Zn):
0.0% - 0.5%
Indium (In):
0.0% - 1.8%
Palladium (Pd):
0.0% - 0.3%
Platinum (Pt):
0.0% - 0.03%
Recall that about an equal amount of mercury is mixed with the dental alloy to form the dental
amalgam or silver filling (see Table 1 for specific proportions). Therefore the amount of metal
described in the table as dental alloy will be about half that in the dental amalgam. The dental
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amalgam or silver filling, which hardens once prepared, is generated immediately prior to its use
at the dental practice.
There is growing public and political sensitivity concerning dental mercury, in particular
mercury being introduced into the environment from dental operatories. When an old amalgam
filling is removed or a new filling shaped, amalgam particles are suctioned into the operatory
waste stream. The physical removal of amalgam particles is a necessary prerequisite for the
elimination of mercury discharged into the environment from the dental operatory.
The removal of used or discharged dental amalgam particles from dental exit streams is often
accomplished by the presence or addition of traps (amalgam traps) to the dental wastewater
plumbing system prior to its discharge into the environment. Not all dental operatories have traps
and the dental amalgam finds its way into the dental plumbing and sewer piping and eventually
is discharged into the environment.
Most amalgam traps function by the “settling effect” where the heavier amalgam particles settle
out of the aqueous wastewater stream and are then collected and disposed of properly as solid
waste. Some commercially available amalgam traps have particle filters as an addition to, or as a
substitute for, a particle settling chamber.
Settling traps, amalgam traps and conventional filtration processes are not capable of removing
dissolved or colloidal dental amalgam material. Colloidal amalgam material may be formed or
generated chairside at the dental practice from dental drilling and operatory processes or it may
be generated from the erosion or attrition of amalgam particles in the dental evacuation and
plumbing system.
Amalgam distributed in the dental plumbing and evacuation system as well as amalgam captured
by settling traps may be slowly eroded or dissolved and the metallic or colloidal components
discharged into the environment. The rate at which amalgam erosion or dissolution occurs will
depend upon the particular amalgam composition, the intermetallic species or phases present at
the solid-liquid interface as well as the presence of other components in the dental evacuation
and waste stream.
Attrition or dissolution processes may release mercury into the waste stream in several forms
including small particulates not captured by settling and filtration traps, colloidal material, and
molecularly dispersed or dissolved species.
Dissolved (or molecularly dispersed) mercury species include the mercuric and mercurous ions
Hg+2 and Hg+1 generated from the oxidation of mercury and its intermetallic compounds.
Colloidal forms of mercury include mercury complexed and coordinated to proteins (and other
organics or biomolecules present in the dental operatory waste stream), mercury bound to
colloidal inorganic material (from teeth or from the pumice that comprises the tooth cleaning
“prophy paste”), as well as colloidal-sized particles of amalgam material itself. A source of
colloidal mercury may also include mercuric sulfide, generated from microbial action and dental
decay.
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Colloidal materials generally range in size from about 10Å (0.001micron-sized ) to 100Å and
larger (i.e., ≥ 0.01 micron-sized). Amalgam settling traps and conventional filtration processes
are ineffective at removing particles of this size (i.e. nanoparticles). Molecularly dispersed or
dissolved mercury species (≤ 10Å in size) are also clearly not capable of being removed by
settling traps or conventional filtration processes.
Currently, there are no commercially available amalgam traps or filters capable of removing all
of the mercury species potentially present in the dental operatory waste stream.
The nature and distribution of the mercury species generated from the erosion of dental amalgam
will depend upon a number of factors characterizing the dental operatory wastewater stream
including pH, the chemical oxidation potential of the dental waste stream, the concentration of
surfactants, detergents and sanitants present in the dental stream, and microorganism activity as
well as the nature of the biological detritus present in the dental stream.
Many, if not all, of the commercially available cleaning agents, sanitizing agents, and related
products routinely used in the dental operatory, particularly for maintaining and cleaning the
dental discharge and evacuation lines, contain ingredients that aide or accelerate in the
dissolution and solubilization of dental amalgams. Small particulates, dissolved and colloidal
dental amalgam that is not captured or sequestered with amalgam or particulate traps is readily
discharged into the environment.
Dental amalgam contains metals other than mercury which also have an adverse effect on the
environment. For instance, copper, silver and zinc all have detrimental effects in the biosphere.
Silver is a well-known biocide. Copper, zinc, and silver all have adverse effects on aquatic life.
Silver, copper and zinc are considered priority toxic metal pollutants and the EPA has
established recommended water quality criteria for their discharge into both freshwaters and
saltwater. Current CMC’s (Criteria Maximum Concentration) for silver, copper and zinc are 3.4
ppb, 13 ppb and 120 ppb, respectively for freshwater discharges and 1.9 ppb, 4.8 ppb and 90
ppb, respectively for their discharges into saltwater (parts per billion or micrograms of metal per
liter of water).
Due to mercury’s toxic effect on human health at extremely low concentrations coupled to the
fact that mercury introduced into the environment bioaccumulates and biomagnifies in the food
chain, mercury is a primary concern and regulatory target in dental and industrial practices.
Trace concentrations of mercury can now routinely be detected and quantified in just about any
place in the world, including the remote Polar Regions and in the upper regions of the
atmosphere. Mercury detection and quantification is becoming increasingly more sensitive as
more sophisticated instrumentation and elaborate analytical techniques are developed. This
increased mercury detection sensitivity is enabling increased regulatory activity.
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Currently, mercury detection levels are reliably and routinely quantified to the low ppb level
(parts per billion). With increased instrumental sophistication and analytical specialization,
mercury levels may now be detected down to the low ppt level (part per trillion).
With the advent of modern instrumentation and associated analytical techniques, low levels of
mercury are now readily detected in the exit and waste streams of dental operatories, research
laboratories, hospitals as well as from other anthropogenic sources once thought insignificant. As
a result of this capability, today’s regulatory climate is favoring increasingly more stringent
mercury discharge levels from all anthropogenic sources.
A real challenge today for the technical community is in determining an appropriate baseline or
background mercury concentration that exists naturally in the environment and represents
concentrations of mercury in the biosphere that do not result or arise from anthropogenic
activity. Mercury is, after all, a naturally occurring element.
The increased public and political sensitivity concerning mercury introduced into the
environment from dental operatories has given rise to the development of some environmentally
friendly or eco-friendly amalgams. For example, some dental suppliers currently provide
EnvirodentTM, which contains less than 25% mercury in the dental amalgam, and GalloyTM, which
is a mercury-free amalgam (62% gallium, 25% indium and 13% tin).
Environmental Conversion of Dental Amalgam to Methylmercury
Dental amalgam (or silver filling) is a metallic alloy comprised primarily of mercury (42-58%)
and silver (20-40%) with minor components of tin (4-17%) and copper (1-16%). Depending
upon the particular brand of dental amalgam, it may also contain small concentrations (<2%) of
zinc, indium, palladium and platinum.
The formation of methylmercury from dental amalgam requires two steps:
Step 1: Conversion of metallic mercury (the form of mercury in dental amalgam) to inorganic
mercury.
Step 2: Conversion of inorganic mercury to methylmercury.
Once mercury is in the methyl form, it bioaccumulates up the food chain.
Step 1
The conversion of metallic mercury to inorganic mercury is not a spontaneous chemical reaction
and it requires oxidizing agents, in particularly oxidizing agents of sufficient strength to bring
about the chemical reaction. Oxidizing agents of sufficient strength include bleach, chlorine,
hydrogen peroxide, brominating and chlorinating agents (the type of chemicals used in
swimming pools and spas), dissolved oxygen in combination with certain types of dissolved
metal ions (for e.g., iron or ferric ions, i.e. “Fenton” type oxidants), to name a few.
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It is expected that all these oxidizing agents are readily present in wastewater discharge lines,
sewer lines and in sewer waters. Unlike the metallic mercury in dental amalgam, inorganic
mercury is water-soluble and, once formed, becomes readily transportable in the environment.
In addition, dental amalgam in contact with dissimilar metals may generate galvanic corrosion
(the so called “battery effect”). Galvanic corrosion would release mercury from the amalgam
thereby making it available for conversion into methylmercury.
Outside the sewer lines, the action of ozone and the combination of oxygen and sunlight can
convert metallic mercury into inorganic mercury.
Step 2
The conversion of inorganic mercury to methylmercury is brought about by microorganisms.
The most widely studied microorganisms for methylmercury formation are the sulfate-reducing
bacteria (SRBs), anaerobes that are important mediators of mercury methylation in many
ecosystems. Methylating bacteria can generate methylmercury in both freshwater and marine
sediments.
Many other microorganisms can produce methylmercury from inorganic mercury. The
gastrointestinal (GI) microorganisms in humans as well as in other mammals can form
methylmercury from inorganic mercury.
Mercury Toxicology
Mercury and mercury compounds are toxic to many forms of life. The toxicity associated with
mercury and mercury compounds is exacerbated by the fact that mercury accumulates in the
bodies of living organisms and its concentration levels are magnified in the aquatic and terrestrial
food chains.
The most well-known and well-publicized example of the bioaccumulative effect of mercury in
the food chain is that associated with fish. Fish is one of the main sources of human exposure to
mercury. Table 1 lists the major sources of human exposure to mercury in the general
population.
Table 1. Major Sources of Human Exposure to Mercury
Form of Mercury

Route of Entry

Source

Elemental Mercury (Hg )

Direct
Direct/Indirect
Direct
Indirect

Hg0 released from dental amalgams
Industrial and occupational accidents
Religious ceremonies
Wastewater from dental offices, hospitals and laboratories

Ionic Mercury (Hg+2 )

Direct/Indirect

Intentional exposure to HgCl2; Accidental exposure to HgCl2

Direct

Human consumption of fish, crustaceans and marine animals

0

+

Methylmercury (CH3-Hg )
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Mercury’s toxic effects on human health include its neurotoxicity, carcinogenicity,
immunotoxicity, genotoxicity, renal toxicity as well as its adverse effects on the cardiovascular,
reproductive and hematological systems. Mercury’s toxic effect on children and fetuses is
particularly pronounced since both the fetus and the young child have undeveloped physiologies
that are highly susceptible to mercury’s toxic effects. In particular, the internal body organs of
children and fetuses (kidney, liver) are highly undeveloped with limited capacity to properly
metabolize and discard toxic materials. Similar limitations may exist for adults with imparied
kidney and organ function.
Similar to the pharmacological model, which provides a proper basis for understanding human
drug action, human toxicology of mercury and mercury compounds is best understood in terms
of the toxicological model. The toxicological model includes mercury toxicokinetics: the
absorption, distribution, metabolism and excretion of mercury in the body; and, mercury
toxicodynamics: mercury target organs (organ sensitivity) and the underlying biological and
molecular mechanism(s) of mercury’s toxic action in the human body.
Before a particular compound or form of mercury can exert its toxic effect on the human body it
must first gain entry into the human body. After gaining entry, the mercury compound must then
be absorbed into the bloodstream and transported to the target organ or biological site(s) of
action.
Different forms of mercury have different bioavailabilities (i.e., that fraction of mercury that
reaches systemic circulation). The bioavailability of each form of mercury will dictate the
underlying toxicity associated with that compound or form of mercury.
Bioavailability is defined as that fraction (or percentage) of mercury compound or mercury
species that is actually absorbed into the bloodstream (i.e., the circulatory system) and is able to
exert its toxic effects on the body. Bioavailability depends upon such factors as:
(1) Route of entry.
(2) Absorption of the mercury compound into the circulatory system.
(3) Biostability & biotransformations of the mercury compound.
Routes of entry into the human body for mercury compounds include primarily ingestion,
inhalation and dermal.
Absorption refers to the movement of the mercury compound from the source of entry into the
circulatory system and depends on such factors as solubility (water-lipid solubility and
partitioning), molecular size of the compound, the ionization state of the mercury compound, and
the diffusional nature of the mercury compound across the biological membrane that separates
the bloodstream from the entry source (i.e., passive diffusion or active diffusion).
Biostability and biotransformations relate to the inherent stability and chemical transformations
of the initial form of mercury after it enters the human body. The original ingested form of
mercury may not be the actual chemical form of mercury responsible for the underlying toxicity
observed in the human body.
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For instance, some chemicals are destroyed or transformed by the acidic environment of the
stomach (gastric acids). Some chemicals are inactivated or biotransformed by the naturally
occurring enzymes that exist in the liver and in gastrointestinal tract. Furthermore, it is not
uncommon for ingested chemicals to undergo microbial transformations stemming from the
intestinal micro flora that exists naturally in each human body.
In other words, there exists in the human body a number of different biochemical reactions and
pathways which may transform the initial ingested chemical into a different chemical form
which may be more or less toxic than the original material.
Chemicals that are not bioavailable to the human body, or that fraction that is not absorbed into
the circulatory system, are excreted by the body and do not generate any of the undesirable
toxicological effects. Mercury bioavailability will dictate the underlying toxicity associated with
that particular form of mercury or mercury compound.
Elemental mercury (Hg0), monomethylmercury (CH3-Hg+ ) and the mercuric ion (Hg+2) have
been the most well studied forms of mercury in terms of their bioavailability and human toxicity.
Other types of mercury compounds and forms of mercury are toxic as well; however, their
toxicities can usually be explained in terms of their differences in bioavailability or by
biotransformations that occur in the human body which ultimately convert them into the
mercuric ion, Hg+2.
Table 2 summarizes our current understanding concerning mercury toxicokinetics of elemental
mercury (Hg0), monomethylmercury (CH3-Hg+ ) and the mercuric ion (Hg+2) in humans.
Table 2. Mercury Toxicokineticsa
Elemental Mercuryb

Ionic Mercuryc

Methylmercuryd

Absorption :
Inhalation
Ingestionf
Dermal

75%-85%
<0.01%g
<3%i

Aerosols Absorbed
7%-15%h
2%-3%j

Vapors Absorbed
95%
3%-5%k

Distribution:
Target Organsl
B/B, B/P Barrierp
Half-Life (Blood)

Brain, Kidney, Bloodm
Readily Passes B/B, B/P Barrier
45 days

Kidney, Bloodn
Not Readilyq
19.7-65.6 days

Bloodo, Brain, Liver, Heart, Spleen, Kidney
Readily Passes B/B, B/P Barrier
50 days

Biotransformations

Hg0  Hg+2 (r)

Hg+2  CH3-Hg+ (s)

CH3-Hg+  Hg+2 (t)

58 days
Hg0 (exhaled air, sweat, saliva)
Hg+2 (urine, feces)

1-2 months
Hg+2 (urine, feces)v

70-80 days
CH3-Hg+ (bile, breast milk)
Hg+2 (urine, feces)

e

Excretion:
Half-Life Elimination u
Form (Route):

a. In humans; J.G. Hardman, L.E. Limbird, P.B. Molinoff, R.W. Ruddon and A.G. Gilman in Goodman & Gilman’s
The Pharmacological Basis of Therapeutics, 9th Edition, McGraw-Hill, New York, 1996; and, National Research
Council, Toxicological Effects of Methylmercury, National Academy Press, Washington, DC, 2000.
b. Elemental, metallic mercury: Hg0.
c. Primarily Hg+2; Hg+1 is readily converted to Hg+2 or Hg+2 and Hg0 ; See Chemistry: 2Hg+1 ' Hg2+2 and
Hg2+2 ' Hg+2 + Hg0 and Hg0 ' Hg+1 ' Hg+2.
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d. Monomethylmercury (CH3-Hg+); much less is known about dimethylmercury (CH3-Hg-CH3), which is considered
supertoxic due, in part, to its enhanced lipophilicity. Animal studies with dimethylmercury indicate that CH3-HgCH3 must first be metabolized to CH3-Hg+ prior to its entering the brain.
e. Percentage or fraction of mercury compound absorbed into the bloodstream.
f. Orally.
g. Elemental mercury (Hg0) has poor gastrointestinal (GI) absorption. Hg0 released into the GI tract is usually
converted into mercuric sulfide (HgS) and excreted in the feces.
h. Absorption is proportional to the water solubility of the precursor inorganic mercury compound.
i. From exposure to mercury vapors.
j. For HgCl2, in animal models.
k. In animal models, readily absorbed through the skin of humans.
l. Once absorbed, all three forms of mercury are readily distributed throughout the human body; the listed organs are
sites of high concentrations.
m. Rapid dissolution of Hg0 into blood lipids.
n. Hg+2 has a high affinity for the sulfhydryl-containing compounds found in red blood cells and blood plasma.
o. More than 90% of the CH3-Hg+ found in blood is bound to the hemoglobin in red blood cells, particularly the
cysteine residues of the hemoglobin molecule.
p. Blood-Brain (B/B) Barrier, Blood-Placenta (B/P) Barrier.
q. Due to its relatively high ionic character, Hg+2 does not readily pass the blood-brain or blood-placenta barrier.
r. In human tissues and blood, Hg0 is readily oxidized to Hg+2 by the action of H2O2 and catalase.
s. In the human body Hg+2 is not methylated in body tissues; however, it can be methylated to form CH3-Hg+ by
microorganisms in the GI tract.
t. Sites of CH3-Hg+ demethylation to form Hg+2 include tissue macrophages, intestinal flora and fetal liver.
u. Whole body half-life elimination.
v. Also excreted as Hg+2 in saliva, bile, sweat, exhaled air and breast milk.

As can be readily seen in the Table 2, methylmercury’s enhanced bioavailability explains its
enhanced toxicology in comparison to that of elemental mercury and ionic mercury.
In comparison to the toxicokinetics of mercury, there is considerably less known concerning
mercury toxicodynamics. Table 3 summarizes our current understanding concerning the
toxicodynamics of elemental mercury (Hg0), monomethylmercury (CH3-Hg+ ) and the mercuric
ion (Hg+2) in humans.
Table 3. Mercury Toxicodynamicsa
Critical Organe

Elemental Mercuryb
Braing, Kidney

Ionic Mercuryc
Kidneyf

Methylmercuryd
Braing

Mechanism of Toxicity:

Conversion to Hg+2 ( h)

Hg+2 binding to critical proteinsi

Conversion to Hg+2 (j)
CH3-Hg+ binding to critical proteinsi

a. In humans; J.G. Hardman, L.E. Limbird, P.B. Molinoff, R.W. Ruddon and A.G. Gilman in Goodman & Gilman’s
The Pharmacological Basis of Therapeutics, 9th Edition, McGraw-Hill, New York, 1996; and, National Research
Council, Toxicological Effects of Methylmercury, National Academy Press, Washington, DC, 2000.
b. Elemental, metallic mercury: Hg0.
c. Primarily Hg+2; Hg+1 is readily converted to Hg+2 or Hg+2 and Hg0 ; See Chemistry: 2Hg+1 ' Hg2+2 and
Hg2+2 ' Hg+2 + Hg0 and Hg0 ' Hg+1 ' Hg+2.
d. Monomethylmercury (CH3-Hg+); much less is known about dimethylmercury (CH3-Hg-CH3), which is considered
supertoxic due, in part, to its enhanced lipophilicity. Animal studies with dimethylmercury indicate that CH3-HgCH3 must first be metabolized to CH3-Hg+ prior to its entering the brain.
e. Critical organ of toxicity.
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f. Mercuric mercury (Hg+2) accumulates in the kidney.
g. Both methylmercury (CH3-Hg+) and elemental mercury (Hg0) are biotransformed to mercuric mercury (Hg+2) in
the brain. Once converted to Hg+2, the mercury remains trapped in the brain where it accumulates.
h. In the body, Hg0 is oxidized to Hg+2 via the action of catalase and H2O2 .
i. Sulfhydryl containing critical enzymes and structural proteins.
j. Demethylation of CH3-Hg+ to form Hg+2.

Mercury, once it enters the circulatory system, is quickly and widely distributed in the human
body. The half-life elimination of mercury from the human body ranges from about 30 days to
80 days, depending upon the particular form of mercury. The formation of mercury-sulfur
complexes is believed to be the underlying means of mobility and transport of mercury in the
human body.
Methymercury (CH3-Hg+ ) is a well-established neurotoxin. Its effects on the brain and central
nervous system (CNS) have been well documented. Methylmercury readily crosses the bloodbrain barrier and accumulates in the brain where it is slowly converted into mercuric mercury
(Hg+2). Once converted to mercuric mercury, mercury remains trapped in the brain.
Research studies suggest that methylmercury is transported across the blood-brain barrier as the
mercury-sulfur complex of L-cysteine. The mechanism of transfer across the blood-brain barrier
is believed to be carrier-mediated transport by the L-type transport proteins or leucine-preferring
system, the same transport system which actively transports the essential amino acid Lmethionine into the brain. The structural similarity and homology between L-methionine and the
methylmercury-L-cysteine complex, as can be seen in Figure 1, supports this hypothesis.
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Figure 1. Structures of the methylmercury -L-cysteine complex (1) and L-methionine (2)
The uptake and transport of methylmercury-cysteine complexes in capillary endothelial cells is
also believed to be the underlying mechanism responsible for mercury’s facile and ready
transport across the placenta.
Many biochemical mechanisms of action have been proposed for mercury toxicity. All of the
mechanistic proposals essentially involve inhibition or disruption of critical key enzymes or the
inhibition or disruption of the function of key structural proteins. This inhibition or disruption is
believed to be mediated by mercury binding to a cysteine residue or sulfur-containing moiety on
the enzyme or structural protein. It should be noted, however, that mercury is also able to bind to
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ligands other than thiols or sulfur-containing ligands. Mercury forms relatively stable complexes
with other ligands of physiological importance such as the carboxyl, phosphoryl, and amine
groups.
Each of the different forms or species of mercury has been separately studied in terms of its
toxicokinetic and toxicodynamic properties; however, in vivo, elemental mercury (Hg0) and
monomethylmercury (CH3-Hg+) appear to be ultimately converted to mercuric mercury (Hg+2).
The underlying mechanism(s) of mercury toxicity at the subcellular level in the human body may
entail primarily the mercuric form of mercury.
A Commentary on Mercury Emission Estimates
Estimating the amount of mercury discharged by industry category or sector usage is a difficult
task. Reported mercury emissions include estimates derived from direct measurements, estimates
calculated from the use of generic emission factors, and estimates based on variations in the flow
of mercury between industries. Depending upon the method of estimation employed in a
particular study, different studies report different estimates of mercury discharged into the
environment.
Table 1 presents a summary of annual U.S. mercury emissions from data collected by the EPA.
Included in the table are growth trends and confidence levels. Confidence levels are assigned to
each emission estimate based on qualitative criteria which the present authors have developed.
A high degree of confidence is assigned to those studies which rely on direct measurements of
mercury discharges or in those instances where the amount of mercury discharged agrees with
the amount of mercury consumed in the application. Low levels of confidence are assigned to
those studies in which the estimates are based on questionable assumptions or where the
discharge and consumption values are largely in disagreement. A medium level of confidence is
assigned by the present authors to those studies which include valid assumptions but
consumption is in disagreement or conversely.
Table 1. Major Sources of Mercury Emissionsa
Source

Emission
Estimate
(tons/year)

Confidence
Levelb

Usage
Trendsb

Comments

Major Sources:
Coal Burning Power Plants
Municipal Waste Combustors
Medical Waste Incinerators
Commercial Boilers
Residential Boilers

52.0
29.6
16.0
28.8
3.3

High
Medium
Medium
Low
Medium

Up
Down
Down
Up
Up

Based on direct measurements
Estimated by fuel composition
Estimated by fuel composition
Estimated on coal and oil burning boilers
Estimated on oil burning boilers

Other:
Dental Preparations
Chlor-alkali
Portland Cement
Pulp & Paper
Haz Waste Combustors

0.6
6.5
4.4
1.7
7.1

Low
Low
Medium
Medium
Low

Down
Down
Down
Down
Down

Based on non-contact amalgam loss only
Insufficient information available
Likely within 50% accuracy
Likely within 50% accuracy
Insufficient information available
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Lamp breakage
General Laboratory

3.1
1.4

Medium
Low

Up
Down

Estimate
Estimate

a. 1994-1995 EPA estimates; given in tons per year (tons/yr.).
b. Assigned by the present authors, based on qualitative criteria.

Also included in Table 1 are mercury usage trends for the various emitters of mercury. Although
overall mercury consumption in the U.S. has decreased significantly over the past couple of
decades (approximately 80%), certain industry specific emissions have grown, particularly those
associated with the burning of fossil fuels.
Of particular interest to the present study are the low emissions reported for mercury discharges
originating from dental amalgam. Ultimately the fate of all dental amalgam will be an eventual
discharge into the environment. It will only be a matter of how dispersed that mercury will be.
Potential mercury discharges include incineration, landfill, trash disposal, discharges to sewer or
septic, interment, cremation or a combination of any of these.
What follows for the remainder of this section are estimates of mercury emissions which focus
on mercury releases from dental amalgams.
Dental Amalgam
The amount of mercury released into the environment from dental amalgams has historically
been the most unreliable and underestimated amount included in mercury emission reports. EPA
reported emissions of 0.6 tons/year (Table 1) include only those estimates which are based on
non-contact amalgam and mercury lost in the dental office due to the preparation of the dental
filling. EPA reported estimates do not include the amount of mercury suctioned or removed from
a patient’s mouth while in the process of replacing old fillings with new fillings. Nor do they
include mercury emission estimates from cremation and household waste.
Mercury releases from dental amalgam may enter into the environment from three major
sources: (1) Interment and cremation (2) Household sewage waste (3) Evacuation and discharge
systems at dental offices.
According to the U.S. Census (1999), there are approximately 2.4 million deaths annually,
excluding infant mortality. Assuming that the typical American has seven (7) amalgam fillings
and that a typical filling contains about 580 mg of mercury, this death rate would correspond to
an upper limit of about 11 tons of mercury potentially entering the environment due to cremation
and interment.
The Cremation Association for North America (CANA, 1999) reports 598,721 cremations in the
U.S., or about 25% of the total deaths in 1999 were cremated. Again, assuming that the typical
American has seven (7) amalgam fillings and a typical filling contains about 580 mg of mercury,
this corresponds to about 3 tons of mercury released into the environment annually due to
cremation.
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Mercury from interment is generally non-mobile. Mercury from cremation represents highly
mobile emissions, which are directly introduced into the environment. Of the total estimated 11
tons of mercury from interment and cremation, only about 3 tons would represent an annual
mercury emission into the environment.
Individuals with mercury amalgam as dental fillers ingest about 3-100 µg of mercury daily,
depending upon the number of amalgam fillings (surfaces) in their mouth. This form of mercury
(mercuric mercury) is not highly bioavailable and the body typically passes it as excretement.
Assuming 275 million Americans excreting 10 µg of mercury daily, this corresponds to
approximately 1 ton of mercury entering the sewage system and the environment annually.
The American Dental Association (ADA) estimates that about 100,000,000 dental amalgams are
placed each year. Of this amount, approximately 70% or 70,000,000 are replacement fillings for
existing amalgams. Making the reasonable assumption that the typical amalgam filling contains
about 580 mg of mercury, then approximately 45 tons of mercury would represent an upper
estimate (notwithstanding composite and related replacements of existing amalgams) for
mercury discharged into the environment from dental operatories and dental evacuation systems.
Amalgam dissolution and solubilization of the mercury in dental amalgams is enhanced with
chlorine based cleansers (i.e., under oxidizing conditions). Recent studies reported by the U.S.
Navy indicate that the soluble fraction of amalgam waste (defined by EPA methodology as that
material which passes through a 0.45 micron filter) can exceed several hundred parts per billion
(ppb) under typical sanitizing conditions. In a separate study, Turchi et al demonstrated that
several thousand parts per billion (ppb) of mercury is mobilized into the aqueous stream when
bleach is used as a disinfectant (ADA, Turchi, 1999).
Several studies have reported direct measurements of the amount of mercury discharged into
sewer systems from typical dental offices. Table 2 summarizes the results of these individual
studies. The results vary widely and range from about 35 mg of mercury per day per dentist to
522 mg of mercury per day per dentist. Assuming 175,000 dentists in the U.S. and 250 workdays
per year, this would correspond to a discharge estimate of about 2-25 tons annually, amounts
well above that reported by previous estimates (0.6 tons/year, Table 1).
Table 2. Mercury Emission Measurements from Dental Office Discharge Systems
Study Identification

Hg Measurement

U.S.
Equivalenta

Dental Office Waste Stream Characterization Study (King County,
WA, 1991)
Mercury Source Control & Pollution Prevention Program Evaluation
(AMSA, Barruci et al., 1992)
Mercury Source Control & Pollution Prevention Program Evaluation
(AMSA, NEORSD, 1997)
Mercury Source Control & Pollution Prevention Program Evaluation
(AMSA, SFWPPP, 1993)
Mercury Source Control & Pollution Prevention Program Evaluation
(AMSA, Rourke, 2000)
Mercury Source Control & Pollution Prevention Program Evaluation

35 mg/day/dentist

2 tons/year

35 mg/day/dentist

2 tons/ year

44 mg/day/dentist

2 tons/ year

46 mg/day/dentist

2 tons/ year

98 mg/day/dentist

5 tons/ year

234 mg/day/dentist

11 tons/ year
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(AMSA, Berglund, 2001)
Mercury Levels and Discharge from Dental Clinics (ArenholtBindslev, 1966)
Characterization of Amalgam in Dental Wastewater (Naleway, 1994)
Distributinal Properties of Dental Waste Water Mercury and Silver
Generation Rates (Calais, Drummond, University of Illinois)
WEFTEC Report – 67th Conference, Vol 76 (Calais, 1994)
(Drummond, 1995)
Average of Studies

250 mg/day/dentist

12 tons/ year

484 mg/day/dentist
498 mg/day/dentist

24 tons/ year
24 tons/ year

499 mg/day/dentist
522 mg/day/dentist

24 tons/ year
25 tons/ year

250 mg/day/dentist

12 tons/year

a. For 175,000 U.S. Dentists and 250 workdays per year.

Table 3 summarizes estimates of annual mercury releases into the environment originating from
dental amalgam. Of the different mercury emission sources, the most amenable sources for
mercury remediation include the dental office and the crematory.
Table 3. Estimated U.S. Mercury Dischargesa
Mercury Source
Interment and Cremation
Household Sewage Discharges
Dental Office Evacuation Systems

Amount (tons/year)
3
b
1-10
2-25d
Total 6-35 tons/year
a. Annual mercury discharge estimate into the environment from dental amalgam.
b. From 3-100 µg /day/person.
c. From 35-522 mg/day/dentist.

Conclusion
Mercury’s toxicity at extremely low concentrations is the main driving force behind increased
mercury regulatory activity, both domestically and globally. Mercury in the environment comes
from both natural and anthropogenic sources. Anthropogenic mercury sources are a tractable
target for regulatory control. The advent of sophisticated instrumentation and measuring
techniques is enabling increased mercury regulatory activity.
The primary forms of mercury important in the environment are the elemental, mercuric and
methylmercury forms of mercury. The environmental behavior and underlying toxicology of the
different forms of mercury stem from their properties at the atomic or molecular level, notably
their covalent or bonding character. Once introduced into the environment, mercury accumulates
and magnifies its concentration levels in the aquatic and terrestrial food chains. This
biomagnification process is particularly pronounced in fish populations, where mercury
concentrations have been measured in excess of 1 ppm (methylmercury) in certain species of
fish. Some of these species of fish are major sources of human food.
Mercury usage as a whole has declined significantly over the last couple of decades. Certain
industry users, such as the dental industry, have become proportionally larger users as other
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segments have declined. The dental industry currently consumes approximately 20% of the
domestic usage of mercury annually. Although the number of composite versus amalgam
replacements is increasing, domestic use of mercury has been relatively constant at about 40-50
tons per year.
Current scientific evidence supports the use of mercury amalgam as a safe dental filling material.
Based on the toxicological model, the amount of ingested mercury (Hg0 or Hg+2 i.e., metallic or
mercuric mercury, respectively) reaching systemic circulation from amalgam in a patients mouth
is significantly less than the amount of mercury (CH3-Hg+ i.e., methylmercury) an average
person would receive from eating certain types of fish such as shark, tuna, swordfish, king
mackerel, and tilefish. Anthropogenic discharges of mercury into the environment, its microbial
conversion to methylmercury, and finally its bioaccumulation and consumption in the food chain
presents a much greater threat to human health.
In addition to being a significant user of mercury, the dental industry may be a significant
discharger of mercury into the environment as well. Estimates of mercury emissions from
anthropogenic sources vary widely. A critique of estimated emissions indicates that reported
emissions from dental sources may have been significantly underestimated. Estimates from the
present account indicate that between 6 and 35 tons of mercury are discharged annually into the
environment from dental sources, an amount significantly different than the 0.6 tons/year
reported in earlier studies by the EPA.
Dental amalgams are not inert materials, chemically or environmentally. Their presence in dental
discharge systems which contain sanitants, cleaners, and other agents can generate soluble and
colloidal mercury which will be mobilized into the environment. Environmental action includes
attrition, oxidation (air and sunlight) and microbial transformations which can also mobilize
mercury into the environment.
Professional organizations such as the American Dental Association (ADA) have issued
guidelines concerning dental mercury; however, their recommendations and guidelines primarily
address patient and worker exposure to mercury at the dental practice. Currently, there are no
professional guidelines regarding mercury introduced into the environment from dental sources
or from the dental office.
Table 1 is a summary of prudent practices at the dental operatory which would eliminate or
minimize mercury introduced into the environment from dental use.
An important issue regarding prudent practices is that the mercury waste should not be disposed
of with the infectious or medical waste. Infectious and medical waste gets incinerated or
combusted. Combustion and incineration will volatilize and release mercury into the atmosphere.
Mercury waste should be disposed of only to those qualified waste handlers that deliver the
mercury waste to recyclers or to sites that do not incinerate or burn solid wastes.
Primary treatment systems commercially available for the removal of mercury from dental
discharge and evacuation systems include settling or amalgam traps. For the typical dental office,
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currently there are no commercially available secondary treatment systems for the removal of
colloidal or dissolved mercury from dental discharge systems.
There is a growing public and political sensitivity concerning mercury introduced into the
environment from dental sources. This sensitivity is developing locally as individual
municipality and sewer districts regulate dental operatory discharges.
Table 1. Prudent Practices at the Dental Office
Waste Source

Procedure

Packaging

Packaging, mixing receptacles and all other disposable materials which come in direct
contact with elemental mercury or mercury amalgam should be segregated and labeled
as mercury waste. Disposal of this solid waste should be only to qualified waste
handlers and waste sites that do not incinerate or burn solid wastes.

Tools & Equipment

All tools and equipment in contact with mercury-containing materials should be
washed to remove any mercury or amalgam. The washings should be collected,
sealed, labeled and disposed of properly as mercury-containing liquid waste.
Alternatively, if the dental operatory has chemical filters as secondary treatments on
their discharge lines, these washings may be rinsed directly into the discharge system.

Dental Amalgam

Amalgam particles removed from teeth or particles collected in the dental discharge
system should be collected, dried, placed in sealed containers, labeled and disposed of
only to those qualified waste handlers and waste sites that do not incinerate or burn
solid wastes.

Teeth

Removed teeth containing dental amalgam should be dried, placed in sealed
containers, labeled and disposed of only to those qualified waste handlers and waste
sites that do not incinerate or burn solid wastes.

Dental Evacuation System

Dental evacuation or discharge systems should contain primary treatment methods for
the removal of solid mercury-containing particulates and secondary treatment methods
for the removal of dissolved and colloidal mercury.
Settling or amalgam traps should be installed and used to collect the larger amalgam
particles. The traps should be checked and emptied periodically. The collected
amalgam solids should be dried, placed in sealed containers, labeled and disposed of
only to those qualified waste handlers and waste sites that do not incinerate or burn
solid wastes.
Chemical filters, sorbents or systems that remove colloidal and dissolved mercury
should be installed. The frequency and safe disposal of spent chemical systems should
follow the manufacturer’s instructions.

(1) Primary Treatment

(2) Secondary Treatment

Dental Evacuation Pump

The vacuum pump air-line should contain a filtering element to collect and prevent
mercury-containing aerosols from discharging directly into the atmosphere. Prior to
typical pump oil disposal practices, the oil should be analyzed for mercury
contamination.

Chairside Cuspidors

Mercury and amalgam removal systems should be installed in those cases where the
chairside cuspidor is not plumbed directly into the dental evacuation system with
associated mercury removal system.
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Abbreviations and Acronyms
Å
ACGIH
ADA
AMSA
ANSI
BAL
BCF
B/B
B/P
CAA
CANA
CCC
CMC
CNS
DOE
DOM
EN
EPA
FDA
GACT
GAO
GI
ISO
Kow
L
MACT
MCL
MSDS
NAS
NIOSH
NSF
NPDES
OSHA
PEL
POTW
RCRA
RfC
RfD
TWA
UNEP
USGS
WHO

Angstrom (1x10-10 meters)
American Conference of Governmental Industrial Hygienists
American Dental Association
American Municipal Sewer Authority
American National Standards Institute
British Anti-Lewisite
Bioconcentration Factor
Blood-Brain Barrier
Blood-Placenta Barrier
Clean Air Act (United States)
Cremation Association for North America
Criteria Continuous Concentration.
Criteria Maximum Concentration
Central Nervous System
Department of Energy (United States)
Dissolved Organic Matter
European Number
Environmental Protection Agency (United States)
Food and Drug Administration (United States)
Generally Available Control Technology
General Accounting Office (United States)
Gastro-Intestinal
International Organization for Standardization
Octanol-Water Partition Coefficient
Liter
Maximum Achievable Control Technology
Maximum Concentration Level
Material Safety Data Sheet
National Academy of Sciences (United States)
National Institute for Occupational Safety and Health (United States)
National Science Foundation (United States)
National Pollution Discharge Elimination Strategy (United States)
Occupational Safety and Health Administration (United States)
Permissible Exposure Limit
Publicly Owned Treatment Works (United States)
Resource Conservation and Recovery Act (United States)
Reference Concentration
Reference Dose
Time Weighted Averaged
United Nations Environment Programme
United States Geological Survey
World Health Organization

Ag

silver
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CH3-Hg+
CH3-Hg-CH3
Cl2
Cu
Hg
Hg0
Hg+1
Hg+2
HgCl2
HgO
HgS
Hg2S
H2O2
H2S
In
NaCl
NaOH
O2
Pd
Pt
Sn
Zn

methylmercury (monomethylmercury)
dimethylmercury
chlorine
copper
mercury
elemental mercury (metallic mercury)
mercurous mercury
mercuric mercury
mercuric chloride
mercuric oxide
mercuric sulfide
mercurous sulfide
hydrogen peroxide
hydrogen sulfide
indium
sodium chloride (brine)
sodium hydroxide (caustic soda)
oxygen
palladium
platinum
tin
zinc

kg
µg
mg
ppb
ppm
ppt

kilogram
microgram
milligram
parts per billion
parts per million
parts per trillion
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