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SUMMARY, CONCLUSIONS, CONSIDERATIONS AND ADVICE

Summary

The issue of mercury and dental amalgam in dentistry resolves around the proposition that mercury leaching
out of dental amalgam fillings may have an adverse effect on health.  At high doses mercury is recognised as a
neurotoxin capable of producing a variety of neurobehavioural effects.  Over recent years studies of
individuals exposed to mercury in a variety of occupational settings have suggested the possibility of subtle
effects occurring at substantially lower levels of exposure.  Despite the apparent consistency of these findings
the individual studies are very variable in terms of the strength of the conclusions that can be drawn from
them.  There is also considerable uncertainty about the relevance of the measured effects and the extent to
which they can be attributed to mercury rather than to other characteristics of the individuals involved.

Overseas a number of developments of relevance have taken place; these include:

1. Publication of a highly cited report by Richardson (1995) in Canada, which concluded that the likely
daily intake of mercury from dental amalgam fillings encroached substantially on a prudent safety
margin between exposure and identified adverse health effects.

2. In Scandinavia and elsewhere in Europe the use of dental amalgam has been discouraged because of
environmental concerns (eg Berglund, 1997; Fan et al, 1997).

3. In the UK a panel reviewing the toxicity of mercury concluded that, while there was no evidence of
adverse health effects, it was prudent, where clinically reasonable, to avoid its use in pregnant women
(COT, 1998).

Within Australia a small number of dentists and doctors have supported, often vocally, claims made about the
potential adverse health effects of mercury from dental amalgam.  Evidence provided to the Working Party
indicated that a small number of dentists attribute one or more of a wide range of symptoms of unknown
aetiology to mercury toxicity, and commonly recommend removal of dental amalgam restorations as part of
the management of these problems.  A very small number of practitioners recommend and/or use various
chelating agents as a means of reducing the body burden of mercury.

Evidence provided to the Working Party indicated a number of other relevant points. A major reduction in the
prevalence and extent of dental caries in children, changes in the management of dental caries, and the
availability of alternative direct restorative materials which can be used in many clinical situations have led to
the use of dental amalgam as a restorative material falling sharply in Australia.  It is likely that the use of
mercury amalgam will decline even further.

The number of restorations is declining in successive cohorts, indicating that the young adult population is
likely to be exposed to reducing levels of mercury in the future.  Improvements in oral health in middle-aged
adults have been less marked and the number of restorations placed has remained reasonably constant.
Increased tooth retention has actually increased the number of restorations present and required in older
adults.

A substantial range of new restorative materials has now become available at costs which are only marginally
greater than that of restorations with mercury amalgam.  The duration of survival of restorations with these
materials is presently less than that of the mercury amalgams, creating more significant differences in
cost:benefit over the long term.
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Dental amalgam is therefore still a desirable direct restorative material from a cost and longevity perspective
and is the material of choice in certain clinical situations where its properties are superior to alternative
materials.

No pivotal study has been published over the past 5 to 10 years providing unequivocal evidence of any hazard
from the levels of mercury presently resulting from dental amalgam restorations.

Apart from the Canadian study by Richardson (1995) no other review from any major country has identified
any substantial evidence of hazard from mercury  from dental amalgam restorations.

Rather than representing an immediate and clear-cut risk to public health, the issue of the public health
relevance of dental amalgam restorations revolves, therefore, around the safety margin between the levels of
mercury to which humans are likely to be exposed from dental amalgam restorations and the levels at which
possible deleterious effects can be identified.  Some evidence exists that under certain scenarios (particularly
those with multiple dental amalgam restorations) this safety margin is less than the 100-fold margin that is
desirable.  However, the safety margin is also substantially larger than exists for some other environmental
exposures (particularly lead).

To address the concerns raised it has been necessary to investigate the following questions:

1. Has mercury in dental amalgam restorations a necessary role in the future of restorative dentistry?

2. Is mercury from dental amalgam restorations associated with specific illnesses or conditions?

3. What is the estimated exposure to mercury through dental amalgam restorations under various
scenarios in subjects of varying age?

4. At what biological levels of mercury (in blood or urine) do credible adverse health effects of mercury
exposure become evident?

5. What intakes of mercury are necessary to produce these biological levels?

6. Is there any rationale to require lesser degrees of exposure to any particular “sensitive subgroups”?

7. What is known of the potential long term health effects of substances which might be used as a
substitute of mercury?

With regard to these and other questions, the Working Party offers the following conclusions and
considerations.  Further, in regard to the Terms of Reference, the Working Party puts forward several
recommendations for consideration by HAC and NHMRC.

Conclusions

The Working Party concluded that:

1.5.1 Dental amalgam has been the main direct restorative material used in dentistry.  Other direct
restorative materials are available:  composite resins and glass ionomers.  Several indirect restorative
materials are available for use, although at much higher cost.

1.5.2 Trends in the prevalence and severity of dental caries in combination with approaches to the
management of dental caries and the restoration of teeth are reducing the total number of amalgam
restorations placed each year in Australia.
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1.5.3 Altered approaches to cavity preparation, including a philosophy of minimum tooth removal, and the
availability of alternative materials are leading to a further movement away from dental amalgam as a
direct restorative material.

1.5.4 Dental amalgam restorations are now a minority of all restorations provided (28.0% in 1997/98).
Total numbers of dental amalgam restorations or surfaces restored with dental amalgam have
decreased dramatically in children and young adults and somewhat less in middle-aged adults.  This
reduces the total number of years that such restorations could be present in a person’s lifetime.
However, improvements in oral health in middle-aged adults have been less marked and the number
of restorations placed has remained reasonably constant.  Increased tooth retention has actually
increased the number of restorations present and required in older adults.

2.2.1 In one large population survey just over a third of adults in the Australian population have expressed
a concern about mercury in dental amalgam restorations.  However, about half of these, 16.2%, have
asked about restorations that don’t contain mercury. Few, 5.8%, have avoided or delayed treatment
because of mercury in dental amalgams and 4.7% have had restorations replaced because they
contain mercury.

3.9.1 A limited number of dental, medical and paramedical practitioners attribute a wide range of diseases
and symptoms of unknown aetiology to the effects of dental amalgam.  A range of factors may
contribute to this clinical situation, not the least of which is a desire to assist people who see them as
a provider of last resort.

3.9.2 The attribution of a range of diseases or symptoms of unknown aetiology to the effects of mercury
from dental amalgam showed a number of misconceptions about the relative nature of safety and
risk, dose-dependence of toxicity, evaluation of clinical experience and interpretation of diagnostic
information.

3.9.3 Claims of improvements in health or relief of symptoms upon removal of dental amalgam
restorations may be confounded by diet, lifestyle and placebo effects.

3.9.4 Some dental practitioners engage in the removal of dental amalgam restorations, following protocols
for collection of diagnostic information and clinical procedures for which there is a lack of
supportive scientific evidence.

4.7.1 Mercury is released at a slow rate from dental amalgams, generally of a few micrograms per person
per day among adults, the amount being dependent on many variables including number and shape of
fillings, eating habits and bruxism.

4.7.2 For the current mean numbers of dental amalgam fillings in Australian children and adults (0.5 and
8.0 respectively), a reasonable estimate of daily mercury absorption per person is about 0.3 µg and
3.5 µg respectively.  In comparison, dietary mercury retained in the body is, respectively, about 10-
fold and 2-fold higher than these amounts.

4.7.3 Attempts have been made to determine the safe level of mercury exposure in humans.  The main
approach has involved studying people occupationally exposed to mercury in air, and examining a
range of subclinical symptoms of neurotoxicity, e.g. hand tremor.  While this has been taken further
by some risk assessors and combined with safety factors to generate a Tolerable Daily Intake, the
Working Party has serious reservations about the quality of data used in such calculations.

4.7.4 Of recent studies of exposure to mercury in industry and dental occupational settings, no study was
identified which reported clear-cut illness among those exposed to mercury.
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4.7.5 No studies have been completed which have compared the health outcomes among dental patients
with and without dental amalgams to determine whether there may be differences in symptoms
associated with mercury neurotoxicity.

4.7.6 For the numerous compounds used in alternative restoration materials, it is evident that for most
there has been little or no toxicological testing and analysis of release rates from fillings.

Considerations

The Working Party considered that:

1.6.1 Dental amalgam is still of benefit in the restoration of teeth in certain locations in the mouth because
of its physical properties and technical requirements in terms of techniques.  Cost and longevity of
dental amalgam restorations in these locations were consequent advantages.

2.3.1 Dental providers, their staff and the public all need to be better informed about mercury and dental
amalgam in dentistry.  Patients have a right to benefit from available scientific knowledge and to
participate in clinical decision making.

2.3.2 Dentists should provide their patients with appropriate information on risks and benefits of all dental
materials to assist them in making an informed choice regarding alternative dental treatments.

2.3.3 Dentists should acknowledge patient’s autonomy and the exercising of informed consent for all
dental treatment.

3.10.1 The use of chelation therapy with DMSA and DMPS, for patients with symptoms attributed to
mercury from dental amalgam restorations is a matter of concern.

4.8.1 Special initiative status be awarded to research projects that address issues of the effectiveness of
alternative restorative materials for direct restorations of occlusal and approximal surfaces of
permanent teeth, the release of mercury from amalgam restorations, the health-related effects of
mercury from dental restorations, and the efficacy of the removal of dental amalgam restorations
(singularly or in combination with other interventions).

4.8.2 It is desirable to move toward alternative direct restorative materials to dental amalgam.  However,
the alternative direct restorative materials, which are being increasingly used, have been infrequently
studied in terms of their toxicology.  Therefore, such toxicological research is a high priority.

4.8.3 The quality of data readily available in published reports on the adverse health effects of low levels of
mercury is a matter of concern.  The concerns including selectivity in the use of studies, multiplicity
of exposures, pre-existing conditions and confounding.  Further, a number of studies identified with
‘suggestive’ or positive findings of sub clinical effects are methodologically flawed or have
interpretational problems that fail to add to a ‘weight-of-evidence’.

4.8.4 The potential encroachment of intake of mercury from dental amalgams on the safety margin for the
lowest-observed-adverse-effect level is sensitive to the safety factor used.  Some published work
uses more conservative safety factors than necessary given that the observed adverse effects are
minor and subtle.

4.8.5 The safety factor between exposure and adverse health effects from mercury could be contrasted
with that of other heavy metals, particularly lead.
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DENTAL AMALGAM AND MERCURY IN DENTISTRY WORKING PARTY

Background

The Office of the National Health and Medical Research Council (NHMRC) had noted, in 1995, that its
pamphlet Dental Amalgam and Mercury in Dentistry (1992) ‘did not reflect a balanced view of the concerns
around the health effects of mercury amalgams’.  The pamphlet was subsequently rewritten in 1995, but never
reprinted.  The draft version is presented in Appendix A.  The 1992 pamphlet, which constituted NHMRC’s
policy statement on the issue of mercury amalgams, was withdrawn in August 1997, due to a reference error.
Since the withdrawal NHMRC has been approached to provide an informed position statement on the health
effects of dental amalgam and mercury in dentistry.  The NHMRC’s Health Advisory Committee (HAC)
resolved at its December 1997 meeting to establish a Working Party to review its former policy statement in
light of available evidence, and to consider the need for a full and systematic review of the scientific evidence
available on the health effects of dental amalgam and mercury.

Working Party

The Working Party was formed in May 1998.  It comprised:

Professor John Spencer
(Chairperson)

Faculty of Dentistry
The University of Adelaide

Dr Rob Loblay Immunology Unit
Department of Medicine
The University of Sydney

Dr Jim Fitzgerald Environmental Health Branch
South Australian Health Commission

Professor John McNeil Department of Epidemiology and Preventive Medicine
Monash University

Ms Jocelyn Bennett Australian Complementary Health Association
Ross House
Melbourne
(Consumer Health Forum representative)

Ms Helen Lucas
(Technical Secretary)

National Health & Medical Research Council

Terms of Reference

1. To gather information on the issue of the health effects of dental amalgam and mercury in dentistry.
This will include:
• recent overseas literature (post-1991).
• evidence presented by organisations/individuals who are stakeholders.

2. In the light of that information, to:
• consider whether there is a need for a full and systematic review of the scientific evidence

available on the health effects of dental amalgam and mercury.
• make recommendations to the HAC, by mid August-1998, on the extent of any revisions required

to the NHMRC pamphlet, Dental Amalgam and Mercury in Dentistry (1992).
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Approach to the task

The Working Party determined a process for development of advice to the HAC, including examination of
current literature, focussing on recent reports and certain published articles, identification of issues, and
receipt of written submissions from invited and interested stakeholders as well as personal representations
from key individuals who wished to deliberate with the Working Party.  The process adopted by the Working
Party is outlined in the following flow chart.

Figure 1. NHMRC Working Party on Dental Amalgam and Mercury in Dentistry

Process Flow chart
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The Working Party has aimed, despite its limited time frame, to provide advice which would lead to dentists
and their clients being better informed regarding dental amalgam and mercury in dentistry.

Progress

The Working Party has met on four occasions and conducted three telephone conferences:

28 May Initial meeting and organisation of call for submissions by 5 June 1998
11 June Teleconference
15-16 June Interviews with stakeholders
21 July Meeting to consider submissions and interviews
15 September Meeting with Dr Mark Richardson and Professor Michael Moore
8 October Teleconference re drafting of report
16 November Teleconference

Issues identified

A range of key issues were identified as the focus of the Working Party’s attention:

Context • Trends of dental caries
• Management of dental caries
• Trends in the provision of dental amalgam restorations
• Value of dental amalgam restorations in the 1990s

Public perceptions of mercury and dental amalgam restorations

Clinical observations • Issues
• Diagnostic criteria
• Removal protocols and adjunctive therapy
• Evaluation
• Risk perception

Risk assessment • Issue and contrasting approaches
• Release and absorption of mercury from amalgam restorations
• Adverse health effects from absorbed mercury
• Alternative direct restorative materials

International reports • Directions and rationale
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1. DENTAL AMALGAM AS A RESTORATIVE MATERIAL

1.1 Trends in dental caries

Dental amalgam is one of several dental materials used to restore the form and function of teeth,
deciduous and permanent, affected by dental caries.  While dental amalgam restorations were once
placed in teeth with caries in what was described as a preventive restoration (prophylactic odontomy)
and to restore tooth damage in the absence of dental caries (cervical areas of tooth with abrasion or
fractured cusps of premolar or molar teeth), most dental amalgam restorations are placed as a result of
dental caries.

Dental caries is a dynamic reversible process of demineralisation and remineralisation of the susceptible
tooth.  Diet and dental plaque are considered to be the major demineralisation factors and fluoride and
saliva the main factors facilitating protection and remineralisation.  The balance of these risk and
protective factors has changed markedly over the last three decades, leading to a markedly altered
burden of disease.

Australian children had among the highest levels of caries experience among comparable countries in
the 1940s and 1950s.  For instance, 12 year olds had a decayed, missing and filled teeth score (DMFT)
of approximately nine teeth, with only one per cent without clinical caries (Barnard, 1956).  The level of
caries experience began to decline in the mid-1960s (Spencer, 1986).  When a national monitoring
survey was introduced in 1977 the DMFT was just less than five teeth.  The trends since 1977 are
presented in Figure 1.  The DMFT has decreased from 4.8 in 1977 to 1.0 in 1995 (Davies et al, 1997;
Davies and Spencer, 1997).  This is equal to the Australian oral health target set for the year 2000 of 1.0
DMFT (Health Targets and Implementation Committee, 1988).

0
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5

77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95

Filled
Missing
Decayed

Mean
DMFT

Year

Figure 2.  Caries experience in 12 year old children, 1977-1995

The distribution of caries experience in the population of 12 year olds has also dramatically altered.
Figure 2 presents the distribution of caries experience in 12 year old Australian children at two points in
time:  1977 and 1993.  In 1977, the vast majority of children had some experience of caries, with a
mode of four affected teeth.  Only 10 per cent had no experience of clinical caries.  By 1993, over half
the children, 56 per cent, had no experience of clinical caries.  A minority of children had any experience
of clinical caries and most children with experience of clinical caries had only one to two 
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While the DMFT score was slow to change, the mean number of missing teeth has declined across the
whole period from over 9 to 3.6 teeth.  The number of teeth extracted has decreased as both the
community and profession have sought to alter the management of caries experienced.

The number of filled teeth has remained more constant, reflecting little change in the total need for
restorations.

There is an opposite trend emerging in both caries incidence and need for restorations among late
middle-aged and older adults.  Caries incidence and the need for restorations in the past was reduced by
the loss of all teeth (edentulism) or loss of some teeth.  Edentulism in Australians aged 15+ years has
decreased from 20.0% in 1979 (ABS, 1980) to 14.0% in 1987/88 (Barnard, 1993) and 9.7% in 1996
(Carter, 1997).  Among 55-64 year olds edentulism has decreased from 40.2% in 1979 to 19.9% in
1996.  For those aged 75+ years edentulism has decreased from 78.6% in 1979 to 48.7% in 1996.  This
decline in edentulism is leaving greater absolute numbers of middle-aged and older adults with natural
teeth with extensive past caries experience.  These teeth are at the risk of new disease and the need for
retreatment.

The decrease in caries experience in children and adolescents, and the increase in tooth retention in
adults and older adults, has led to a marked shift in the burden of caries activity by age and therefore the
ages at which greatest need for restorations occur.

Table 1. Annualised incidence/increment in caries activity by age

Age

Caries type 1-6 7-11 12-17 18-24 25-44 45-64 65+

Nursing caries -

Frank 3%

Demineralisation 17%

Initial coronal caries dmfs DMFS DMFS DMFS DMFS DMFS DMFS

Pits & fissures 0.4 } } } } }
Interproximal/smooth surface 0.3 } } } } }

Secondary coronal caries† Tooth
surfaces

0.5

Tooth
surfaces

0.5

Tooth
surfaces

0.5

Root surface caries DFS
0.1

DFS
0.4

DFS
0.6

† Secondary caries activity is not easily distinguished from traditional epidemiological data.  As more than 50% of
restorations placed are replacements (Elderton and Nutall, 1983) and approximately 50% of all replacements are
for secondary caries (Kidd et al, 1992) the annualised incidence of secondary caries has been estimated at 50% of
the increment in DMFS.

This conceptualisation of expected caries risk for a typical individual in the community serves as an
example of the kind of caries problems to be anticipated, and when it might occur.  The presence of
caries activity of each type and the estimated incidence indicate the number of teeth requiring
restorations each year because of dental caries (Garcia, 1989).  The absence of an estimate does not
mean that caries of that type will not occur and the need for a restoration will not arise, merely that it is
less likely and of less concern (Lewis, 1979).

}
}

0.4 1.11.11.1 1.10.6
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Several points are apparent from this table:
• all age groups are assessed as having at least one type of caries that is likely and of concern;
• a high likelihood of caries occurs in adult age groups, both because of the risk of a particular type

of caries being high, for instance interproximal smooth surface caries or secondary coronal caries,
and the cumulative likelihood of more than one type of caries;

• if the risks indicated for each specific age group are compared, the caries likelihood among
children is now lower than the caries likelihood among adults;

• there are qualitatively different types of caries —  nursing caries, coronal caries and root caries —
as well as distinctions for location on a tooth which are relevant to the potential for, and
effectiveness of, prevention of caries for specific age groups, and to the alternative treatment
approaches, including restorations for the management of caries.

1.2 Management of dental caries

The management of dental caries is altering.  Four factors bear upon the issue of mercury and dental
amalgams in dentistry:
• replacement of existing restorations (Mjör, 1993);
• repair of the early carious lesion (Elderton, 1988);
• minimum tooth removal (Mount, 1998); and
• greater availability of alternative direct restorative materials (Hickel et al, 1998; Wilson et al,

1997).

As indicated in the notes for Table 1 and the discussion above, about 50% of all restorations are for new
disease and 50% for replacement of existing restorations that are considered to have failed or be
unsatisfactory.  This clearly establishes the importance of clinical guidelines for replacement of
restorations in determining the extent to which dental amalgams may be used, and the number of cycles
of replacement of existing dental amalgam restorations in an individual’s lifetime.

It has become widely recognised that replacement dentistry is a hazard for any tooth’s survival and the
less replacement the better.  Replacement inevitably leads to loss of further tooth structure and a
weakening of the remaining tooth.  It is for this reason that replacement should only be considered
when a restoration has demonstrably failed:  when it has been lost, cracked, or there is a positive
diagnosis of secondary caries.  Small defects should be repaired, rather than the restoration be replaced.
The cavity design for replacement restorations should put emphasis on protection and minimising the
width of the cavity.

While numbers of replacement restorations might be minimised through more stringent criteria, and
their hazard to the remaining tooth minimised through a conservative cavity preparation approach,
replacement restorations will always be needed because of the discrepancy between the longevity of
restorations and the desired longevity of the tooth.  It, therefore, becomes even more desirable to
minimise the need for first restorations to be placed.  The reduction in caries activity due to the
widespread availability of fluoride is assisting in reducing the need for first restorations.

1.3 Alternative direct restorative materials

Direct restorative materials are those that can be inserted into a prepared cavity in a tooth in a workable
phase for condensation and shaping and then change to a set phase where they can resist masticatory
forces and abrasion.  There are three commonly used direct dental restorative materials:  dental
amalgam, composite resins, glass ionomers.

These direct restorative materials are in contrast to indirect restorative materials which require some
intermediate steps of impression taking, preparing a dye and fabrication of inlay or crown, between the
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preparation of the cavity and insertion of the restoration.  This includes gold and precious metal
castings, with or without porcelain laminate facings and porcelain crowns.  New computerised imaging
and milling of porcelain inlays is opening up a ‘virtual’ direct restorative approach to large cavities of
molar or premolar teeth.

The three direct restorative materials have different qualities and uses.  The most obvious is colour, but
the most important are qualities of resistance to masticatory forces and resistance to abrasion.  These
influence longevity which, combined with initial cost, determines cost-effectiveness.

The desire for improved appearance has led to many cavities which would have been restored with
dental amalgam now being restored with composite resins and glass ionomers.  Changing approaches to
cavity preparation are also leading to reduced restoration widths (which is important for the reduction
of tensile forces on restorative materials) and surface areas (important for reduction of abrasion).  This
is leading to circumstances where composite resins and glass ionomers may more readily substitute for
dental amalgam in the restoration of posterior teeth.

However, many restorations are replacements of earlier restorations and the physical nature of the
cavity is largely determined by the original extent of dental caries and principles of cavity preparation
practised decades ago.  Such situations place demands on the restorative material that dental amalgam is
thought to be best at satisfying (Dunne et al, 1997).

Longevity of the three direct restorative materials still vary, although all are increasing (Bayne, 1992).
Given varying longevity and slightly higher initial costs of composite and glass ionomer restorations
(ADA SA Branch, 1997), financial constraints will work toward the continued use of dental amalgam
restorations.

1.4 Trends in the provision of dental amalgam as a restorative material

Dental amalgam has been the most widely used direct restorative material. However, the predominance
of dental amalgam as a direct restorative material has been declining as shown by the data given in Table
2, as the number of dental amalgam restorations provided per year has almost halved across the
1983-84 to 1997-98 period.

The percentage of all restorations that are dental amalgam restorations has decreased from 57.9% in
1983-84 to 43.5% in 1988-89, 35.7% in 1993-94 and 28.0% in 1997-98.  Thus, across the period
1983-84 to 1997-98, dental amalgam restorations as a percentage of all restorations provided have
halved.  Greater percentages of composite resin and glass ionomer cement restorations are being
provided as direct restorations and crowns as indirect restorations.
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Table 2. Annual restorative services (x1000) by year in Australian private general practice1

Service type 1983-84 1988-89 1993-94 1997-98

Amalgam (1 surface) 1938.4 1310.4 1264.6 720.5
Amalgam (2 surfaces) 2907.8 2267.9 2452.5 1624.1
Amalgam (3+ surfaces) 1324.1 1277.0 1594.8 1120.7
Total amalgam 6170.3 4855.3 5311.9 3465.3

Fissure sealants 38.6 216.1 407.2 591.3
Composites 2742.8 2859.4 3697.4 4963.5

Ionomer 257.4 938.5 1493.0 1412.1

Acrylic restoration 61.2 8.0 - -
Adhesive restoration - - 133.1 113.2
Inlays 39.3 12.8 39.3 81.8
Crowns 404.6 685.5 1550.2 1736.4
Bridges 92.1 230.6 215.3 194.4
Other restorative 843.6 1350.3 2038.3 1781.5

Total restorative services 10649.9 11156.5 14885.7 12394.2
1 Data for 1983-84, 1988-89 from Spencer et al, 1994; data for 1993-94 and 1997-98 from D. Brennan

(personal communication, May 1998).

The general trends in provision of restoration have not applied evenly across the age groups.  This is
presented in Table 2.  Very substantial decreases in the provision of dental amalgam restorations have
occurred in 5-11 year olds, 12-17 year olds, and 18-24 year olds.  A small decrease has occurred in
25-44 year olds.  Among 45-64 year olds and 65+ year olds the total number of dental amalgam
restorations placed each year has increased.  This reflects the shifts in the burden of dental caries
discussed in Section 1.1.

Table 3. Annual dental amalgam restorative services (x1000) by age group and year in
Australian private general practice1

Age

Year 5-11 12-17 18-24 25-44 45-64 65+

Total amalgam 1983 384.5 745.2 1327.6 2632.2 954.5 75.0
1988 149.1 365.7 770.5 2468.0 943.6 180.0
1993 147.0 225.1 485.2 2582.9 1464.8 317.3
1997 74.8 64.9 187.3 1750.8 1117.5 195.0

1 Data for 1983-84, 1988-89 from Spencer et al, 1994; data for 1993-94 and 1997-98 from D. Brennan (personal
communication, May 1998).

These age-specific trends are more marked if expressed as total dental amalgam surfaces.  This is
presented in Table 4.  Total dental amalgam surfaces provided each year decreased by 76.6% for 5-11
year olds, 92.1% for 12-17 year olds, 84.8% for 18-24 year olds and 28.5% for 25-44 year olds.  The
total number of dental amalgam surfaces provided increased by 26.3% for 45-64 year olds and 158.8%
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for 65+ year olds.  The decrease in the use of dental amalgam restorations has been dramatic in children
and young adults and substantial in adults of child-bearing age.  Only in later middle-aged and older
adults has the provision of dental amalgam restorations increased.

Table 4. Annual total surfaces involved in dental amalgam restorative services (x1000) by age
and year in Australian private general practice1

Service type Year 5-11 12-17 18-24 25-44 45-64 65+

Total amalgam surfaces 1983 555.2 1219.9 2542.8 5299.9 1887.3 157.7
1988 205.9 500.1 1455.0 5138.4 2002.7 340.5
1993 263.9 344.6 845.6 5423.8 3224.6 645.9
1997 130.3 96.9 385.9 3790.7 2365.5 408.2

% change, 1997/1983 -76.6 -92.1 -84.8 -28.5 +25.3 +158.8
1 Data for 1983-84, 1988-89 from Spencer et al, 1994; data for 1993-94 and 1997-98 from D. Brennan (personal

communication, May 1998).

The age-specific trends in the provision of dental amalgam restorations have a further, cumulative effect
in reducing the total number of years dental amalgams are present in individuals’ oral cavities.

Dental amalgam restorations are now a minority of all restorations provided.  Total numbers of dental
amalgam restorations or surfaces provided have decreased dramatically in children and young adults and
somewhat less in middle-aged adults.  This decreases the likelihood of placement or replacement in
childhood and child-rearing years, and reduces the total number of years that such restorations could be
present in a person’s lifetime.

1.5 Conclusions

1.5.1 Dental amalgam has been the main direct restorative material used in dentistry.  Other
direct restorative materials are available:  composite resins and glass ionomers.
Several indirect restorative materials are available for use, although at much higher
cost.

1.5.2 Trends in the prevalence and severity of dental caries in combination with approaches
to the management of dental caries and the restoration of teeth are reducing the total
number of amalgam restorations placed each year in Australia.

1.5.3 Altered approaches to cavity preparation, including a philosophy of minimum tooth
removal, and the availability of alternative materials are leading to a further movement
away from dental amalgam as a direct restorative material.

1.5.4 Dental amalgam restorations are now a minority of all restorations provided (28.0%
in 1997/98).  Total numbers of dental amalgam restorations or surfaces restored with
dental amalgam have decreased dramatically in children and young adults and
somewhat less in middle-aged adults.  This reduces the total number of years that
such restorations could be present in a person’s lifetime.  However, improvements in
oral health in middle-aged adults have been less marked and the number of
restorations placed has remained reasonably constant.  Increased tooth retention has
actually increased the number of restorations present and required in older adults.
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1.6 Considerations

1.6.1 Dental amalgam is still of benefit in the restoration of teeth in certain locations in the
mouth because of its physical properties and technical requirements in terms of
techniques.  Cost and longevity of dental amalgam restorations in these locations were
consequent advantages.
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2. PERCEPTIONS OF RISK OF MERCURY FROM DENTAL AMALGAM RESTORATIONS

2.1 The Australian public’s perception of mercury/dental amalgam

Any consideration of mercury and dental amalgam in dentistry must be put into context by an
understanding of the public’s perception of benefit and risk.  Not infrequently media coverage is viewed
as an expression of the public’s perception.  However, while media coverage may shape perceptions it is
less clear how widely views expressed by the media are held by the public.

There is little published information on the public’s perception of mercury and dental amalgam in
dentistry.  One published study provides recent Australian data.  Thomson et al (1997) undertook a
postal questionnaire survey of a sample of participants in a national dental telephone interview.  The
1995 National Dental Telephone Interview Survey (Carter, 1995) collected information from a random
sample of Australian residents aged 5 years and over in all States and Territories.  Responses were
received from 1010 of the 1185 interviewees selected, a 85.2% response.

The self-complete questionnaire included responses to four statements:

• I am concerned about mercury in fillings;

• I have asked to have fillings that don’t contain mercury;

• I avoid dental treatment because of mercury in fillings; and

• I have had fillings replaced because they contained mercury.

While 37.5% of respondents were concerned about mercury in fillings, less than half of these, 16.2%,
had asked to have fillings that don’t contain mercury.  Few respondents (5.8%) had avoided treatment
because of mercury in fillings and 4.7% had had fillings replaced because they contained mercury.

These data indicate that while there maybe a substantial level of concern about mercury and dental
amalgam restorations among the Australian public, altered visiting behaviour and treatment decisions
are less frequent consequences.

The perception of risk may not be translated into avoidance of care because of the perceived benefits of
care.  Alternatively, the perception of risk may not be translated into replacement of dental amalgam
restorations because of advice given by most dental practitioners, the practitioners’ unwillingness to
acquiesce to such patient requests, or the expense of the dental amalgam replacement restorations.

In common with other public perceptions of health risks, there is a paradox of higher levels of concern
about mercury risk as the public has become orally healthier, as provision of dental amalgam
restorations has decreased, and as safety measures in the use of dental amalgam have improved.  On the
other hand, increased information and greater individual autonomy in health care have led more of those
persons with amalgam restorations to voice concern.

Information on mercury and dental amalgam in dentistry can come from many sources: parts of the
dental and medical profession locally and overseas, allied health personnel, the media and individuals
with anecdotal experience.  All such information exchange is being accelerated by information
technology.  Many world wide web sites are associated with the topic of mercury and dental amalgam.

The Working Party was interested in the referral and decision-making processes which lead some
individuals to have dental amalgam restorations removed.  Some individuals see the removal of dental
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amalgams as an action of last resort after unsuccessful searches for the cause of conditions of unknown
aetiology.

The Working Party found no evidence of any systematic advice being given by paramedical personnel as
part of such individuals’ search for solutions to their health problems.  A range of “non-mainstream”
paramedical health teaching institutions and professional associations were contacted by the Working
Party.  There was no consistency in what was taught about mercury and dental amalgam in alternative
therapy training institutions.  Neither was there a consistency in paramedical health practitioners
referring to or acknowledging a possible role of mercury from dental amalgam restorations as a cause of
conditions of unknown aetiology.  Adequate and consistent information on mercury and dental amalgam
needs to be available not only within dentistry and medicine, but also across a range of alternative
therapy practitioners.

2.2 Conclusion

2.2.1 In one large population survey just over a third of adults in the Australian population
have expressed a concern about mercury in dental amalgam restorations.  However,
less than half of these, 16.2%, have asked to have restorations that don’t contain
mercury.  Few, 5.8%, have avoided or delayed treatment because of mercury in dental
amalgams and 4.7% have had restorations replaced because they contained mercury.

2.3 Considerations

2.3.1 Dental providers, their staff and the public all need to be better informed about
mercury and dental amalgam in dentistry. Patients have a right to benefit from
available scientific knowledge and to participate in clinical decision making.

2.3.2 Dentists should provide their patients with appropriate information on risks and
benefits of all dental materials to assist them in making an informed choice regarding
alternative dental treatments.

2.3.3 Dentists should acknowledge patient’s autonomy and the exercising of informed
consent for all dental treatment.
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3. OVERVIEW OF SUBMISSIONS AND INTERVIEWS

3.1 Submissions received

The Working Party received a total of 43 submissions (see Appendix B). Of these, 27 were from
dentists, 6 from medical practitioners1 [6,11,12,16,26,39], 4 from alternative/paramedical practitioners
[3,18,23,24], 1 from a toxicologist and 5 from patients [10,17,41] or advocacy groups [25,40]. Three
submissions were made on behalf of professional organisations (Australian Dental Association [35],
Australian Society of Oral Medicine and Toxicology (ASOMAT) [38], International Academy of Oral
Medicine and Toxicology (IAOMT) [4]).  One Ministerial referral from a patient was also received.

Three submissions [35,36,38] were accompanied by extensive reference material.

3.2 Interviews

Six individuals accepted the Working Party’s invitation to make personal and/or organisational
representations: Dr Robin Woods (ADA), Drs Roman Lohyn and Robert Gammal (ASOMAT), Dr Noel
Campbell (dental practitioner) and Dr Michael Godfrey (general practitioner), and Dr Graeme Stringer
(dental practitioner). Presentations and discussions were held over a two-day period.

The Working Party also held a four-hour meeting with Dr Mark Richardson and invited Professor
Michael Moore  (Director, National Research Centre for Environmental Toxicology, Queensland) [43]
to participate as well. Dr Loblay attended presentations by Dr Richardson and Professor Boyd Haley at
the ASOMAT annual conference (Sydney, September 1998).  Dr Richardson, formerly with Health
Canada, and currently with O’Connor Associates, is recognised as an expert in the health risk
assessment of mercury from dental amalgam.

3.3 Summary of submissions and interviews

Most submissions expressed concern about the toxicity of mercury and continued use of dental
amalgam. One focussed principally on occupational exposure and waste disposal [1], and several others
expressed similar concerns [2,22,32,37,38].

Of the 26 dentists who made submissions, 22 indicated that they do not use amalgam at all in their own
practice and 21 perform removal of existing amalgam fillings and replacement with other materials. Five
indicated that they had personally had their own amalgam fillings removed [15,19,27,29,37].

All 6 medical practitioners considered that amalgam fillings could cause chronic ill-health and
recommended their removal. Three indicated that they had personally had their own amalgam fillings
removed [11,12,16].

Many submissions were critical that ASOMAT had been excluded from representation on the Working
Party [5,6,8,10,11,13,16,20,25,27,29,30,31,38].  Nine made allegations, alluding to conspiracies, vested
interest groups and cover-ups [8,12,18,20,26,27,29,30,38].

Three submissions supported the continued use of amalgam [34,35,42]. They stressed that reviews of
the evidence by credible national and international bodies indicated that the toxicity of mercury released
from amalgam had been exaggerated and that amalgam continues to have an important place in
dentistry.

                                               

1 Four of these practice “Nutritional and Environmental”  medicine and/or other alternative modalities.



3113A\WINDOC99\AMALMERGE Page 29

Most submissions welcomed an expert assessment of current evidence by NHMRC. One submission
was concerned about the expertise and credibility of the Working Party [42].

3.4 Amalgam “toxicity”:  clinical and laboratory diagnosis

All 21 practitioners who undertake removal of amalgam fillings, as well as the 6 medical practitioners
and 4 alternative/paramedical practitioners who made submissions, consider that removal results in
significant improvements in health in the majority of cases. Several submissions listed symptoms or
diseases which improved, and some reported individual cases (see Table 5).

Some practitioners use symptom check-lists [28,30,37] which include questions about 100 symptoms /
conditions (past or present occurrence, or percent improvement   see Table 6). These questionnaires
clearly have a common origin, but the source was not indicated. One submission [28] included
photocopies of 24 questionnaires filled out by patients. The submission of the Australian Society of
Dental Mercury Patients [10] included a shorter questionnaire (30 items) derived from Dr Hal Huggins,
a well-known US anti-amalgam campaigner.

Some submissions referred to diagnostic testing for mercury “toxicity” [6] or to “DMPS
[Dimercaptopropane Sulfonate] provocation testing” [26]. Hair analysis and electrodermal testing was
also mentioned in some of the oral presentations [39]. One of the dentists [36] assumed that patients
must have been suffering from “micromercurialism” if their symptoms or clinical condition improved
after removal of amalgam fillings. He gave as an example a patient with thyroid disease who was on
thyroxine and had an elevated TSH level. After removal of amalgam fillings the TSH level fell and there
was no further need for thyroxine treatment.  One interviewee [39] claimed to see mercury toxicity
“every day”   he considered the diagnosis was extremely obvious. One of the medical practitioners
[39] presented a case history of a patient who was eventually diagnosed with spinocerebellar atrophy.
He concluded that the patient had mercury toxicity on the basis of a “DMPS challenge”   a test he
performs routinely for diagnosis. This practitioner claimed that in 12 years of general practice he had
only seen two patients who were not affected by amalgam.
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Table 5. Symptoms reported to improve after removal of amalgam fillings

SYMPTOMS / DISEASE Reported in submission no.

Chronic ill health 5,8,9,14,15,16,23,26,27,29,31,37
Fatigue 5,11,12,16,24,32,33
Headaches, migraine 5,22,27,32,33
Memory impairment 5,27,32,33
Mood changes (irritability, anxiety, depression) 5,24,32
Shyness 5,18
Psycho-behavioural changes 6,31,32
Mental fogginess 5
Sleep disturbance 19,24,27,33
Poor eyesight / colour vision 5,12
Limb mobility 5
Paraesthesias 32
Tachycardia / palpitations 12
Tinnitus 12
Metallic taste 22,5
Gingival disease 5
Salivation 22
Lichen Planus 22
Asthma 11
Allergies 11,24
Rhinosinusitis 22
Dyspnoea 12
Chemical sensitivities 11
Skin problems 33
Neurological disease 6,7
Endocrine / thyroid disease 6,24
Cardiovascular disease 24
Kidney / urinary tract disorders 24
Gastrointestinal disease 6,24,27
Immunological disease 6,7
Multiple sclerosis 12,22
Rheumatoid arthritis 12
Cancer 12,24
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Table 6. Symptom / disease checklist

Rheumatic fever Choked feeling Prostate problems
Leukaemia Flashing lights Endometriosis
Multiple sclerosis Air hunger Pituitary problems
Hepatitis Diabetes insipidus Chronic fatigue
Herpes Muscle weakness Chronic sore throats

Muscle atrophy Back pain
Crohn’s disease Shooting pains Foot problems
Meniere’s disease Osteoarthritis Scoliosis
Infectious diseases Sour taste Headache
Shingles Metallic taste Migraine
Parkinson’s disease Dry mouth Neck & shoulder pain

Excessive saliva Pain in arms & hands
Heart problems Frequent urination RSI
Heart murmur Kidney problems Scalp tenderness
High blood pressure Shortness of breath Jaw pain
Low blood pressure Chest pains Face pain
Angina Forgetful Teeth pain
Tachycardia Depression Limited mouth opening
Palpitations Poor concentration Pain when chewing
Anaemia Hallucinations Jaw locking
Fainting tendency Suicidal feelings Blurred vision
Dermatitis Sudden anger Dry itchy eyes
Eczema Rapid mood swings Sinusitis
Itching Irritability light sensitivity Ear pain
Acne Gut problems Dizziness

Colitis Ringing in the ears
Epilepsy Diarrhoea Reduced hearing
Nervous disorders Constipation Tooth grinding
Muscle twitches Ulcers Candidiasis
Bell’s palsy Irritable bowel Hypoglycaemia
Movement problems Heartburn Peripheral neuritis
Speech problems Diabetes
Leg jerks Thyroid problems
Restless leg Cold hands & feet
Numb / tingling sensations Frequent colds
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3.5 Amalgam removal protocols

Some submissions [eg. 37] referred to amalgam removal according to “IAOMT protocols” and
“ASOMAT protocols”. None of the written submissions gave any details of such “protocols”. However,
the Working Party was able to explore this issue during the interview sessions. Removal protocols
involve protection of the patient from mercury vapour during the procedure by the use of rubber dams;
suction behind the dam; special “systems” (Clean-Up) to fit over the tooth; an external air supply (± O2

/ N2O); flooding the mouth with water; and cutting away rather than drilling out the amalgam [30,39].
Without attention to such mercury minimisation procedures, high levels of blood mercury can result
from the removal of amalgam restorations.  In addition [30], the dentist and nurse each have a separate
air supply, with large air filters and negative ion generators. It is recommended [39] that removal should
be done one quadrant at a time, beginning with the one that has the “highest current” in relation to oral
galvanism (The phenomenon of microcurrent flow within the oral cavity due to the presence of metallic
filling components).  Because of “the 7-day immune cycle” successive treatments on the same day of the
week are avoided, and an 8-day interval between amalgam clearance of each quadrant is recommended.
Alternatively, all fillings can be removed during one session (in hospital, under general anaesthesia if
necessary).

3.6 Associated therapy: chelation, “detoxification” and nutritional therapy

Several submissions referred to the use of chelating agents (EDTA), Dimercaptopropane Sulfonate
(DMPS), 2,3-Dimercapto Succinic Acid (DMSA) for reducing mercury levels in conjunction with the
removal of amalgam fillings [6,16,19,39] and to nutritional “support” [29]. These issues were explored
further by the Working Party with those making verbal representations [30,38,39]. One [39] advocated
“antioxidant and nutritional therapy” with high-dose intravenous vitamin C (infused continuously during
the amalgam removal procedure) and other supplements based on hair analysis. He also advocated
classical homoeopathic treatment (6C, 12C or 30C preparations, as tolerated) for symptoms of mercury
toxicity, and dietary modification for “hypoglycaemia” and “candida”, based on the results of
electrodermal testing. He also diagnoses “leaky gut syndrome” based on urine and faecal testing
performed by the Great Smokies Diagnostic Laboratory in North Carolina or by ARL in Melbourne.

3.7 Working Party assessment of submissions and interviews

The majority of submissions and interviewees expressed strongly held beliefs concerning the dangers of
amalgam. Common themes are that:

1. Mercury is highly toxic.

2. Mercury is released from amalgam fillings and is detectable in blood, urine, CNS, kidney.

3. DMPS challenge demonstrates the presence of an accumulated “body burden” of mercury in
people with amalgam fillings.

4. No “safe” level of mercury exposure has ever been found.

5. Patients with amalgam fillings have symptoms characteristic of mercury intoxication.

6. Patients report improvements in health following removal of amalgam fillings.

7. The “weight of evidence” in the literature shows “beyond doubt” that amalgam fillings are
hazardous.
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 Hartman (1988) makes this clear:

 “Neuropsychological testing results from toxicity research are not diagnostic
in the same way as medical laboratory results. With few exceptions, toxic
exposures do not tend to produce consistent and focal patterns of
neuropsychological impairment. Since impairments tend to be non-specific, the
study must be constructed as carefully as possible to rule out potential
confounding influences” (p 263).

 In his hazard analysis, Richardson cited 15 such studies   the “weight of
evidence”   said to demonstrate “dose-dependent subclinical impairment” of CNS
function in people exposed to mercury in various settings (Richardson M, personal
communication, 15 September 1998).  However, it appears not to have been
recognised that many of the factors which confound these measurements (e.g. age,
educational level, dietary habits such as consumption of coffee and alcohol,
psychological parameters, etc.) are also likely to correlate with occupational
exposure levels or with number of amalgam fillings.

 The key study used in Richardson’s risk assessment (Fawer et al, 1983) is a good
example. Mackert and Berglund (1997) have identified at least seven major flaws
in the Fawer et al study.  (see also Section 4.4).

 3.8.4.3 Tests of renal function

 The presence of elevated levels of N-acetyl-β-glucose aminidase (NAG) in the
urine may be regarded as a biomarker of mercury exposure from amalgam.
However, it has no predictive value in terms of impairment of renal function by
amalgam (Sandborgh-Englund et al, 1996).

 3.8.5 Removal protocols and concomitant therapeutic regimens

 The Working Party was particularly concerned about the apparently widespread use of chelation therapy
with DMSA and DMPS. Available evidence does not support their efficacy, and they may give rise to
hypersensitivity reactions. One randomised controlled study of 50 patients who attributed illness to
amalgam fillings showed no difference in outcome between active and placebo treatment arms
(Grandjean et al, 1997). Another randomised controlled trial (RCT) (23 patients having amalgam
removal because of suspected toxicity) showed no benefit of DMSA treatment compared with placebo,
and had to be terminated prematurely due to the occurrence of hypersensitivity  (Sandborgh-Englund et
al, 1994).

 3.9 Conclusions

 3.9.1 A limited number of dental, medical, paramedical practitioners and patients
attribute a wide range of diseases and symptoms of unknown aetiology to the effects
of dental amalgam.  A range of factors may contribute to this clinical situation, not the
least of which is a desire to assist people who see them as a provider of last resort.

 3.9.2 The attribution of a range of diseases or symptoms of unknown aetiology to the
effects of mercury from dental amalgam showed a number of misconceptions about
the relative nature of safety and risk, dose-dependence of toxicity, evaluation of
clinical experience and interpretation of diagnostic information.
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 3.9.3 Claims of improvement in health or relief of symptoms upon removal of
amalgam restorations may be confounded by diet, lifestyle and placebo effects.

 3.9.4 Some dental practitioners engage in the removal of dental amalgam
restorations, following protocols for collection of diagnostic information and clinical
procedures for which there is a lack of supportive scientific evidence.

 3.10 Considerations

 3.10.1 The use of chelation therapy with DMSA and DMPS, for patients with
symptoms attributed to mercury from dental amalgam restorations is a matter of
concern.
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 4. RISK ASSESSMENT

 4.1 What level of mercury is absorbed?

 In order to understand the health risks posed by elemental mercury in dental amalgam, it is important to
consider the amount of mercury absorbed from amalgams.  There are many data on this, and it is
evident that the level of mercury released from amalgams is affected by numerous factors including
number of filled teeth and number of surfaces per filling, eating habits including gum chewing, tooth
brushing and oral breathing habits, and bruxism.  Published studies on mercury absorption often do not
take these factors into consideration.

 In one recent comprehensive and widely reviewed exposure assessment, in which 60% of the dental
mercury exposure was attributed to inhalation of mercury vapour and 40% to ingestion of mercury in
saliva, the following data were generated for various fixed numbers of fillings (Richardson and Allan,
1996):-

 Table 7. Exposure (µgHg/day) for fixed numbers of fillings

 Age group  1  2  4  8  12  20

 Toddler  0.3  0.6  1.2  2.4  -  -

 Child  0.7  1.3  2.6  5.3  8.0  -

 Teen  0.4  0.8  1.6  3.2  4.8  8.0

 Adult  0.4  0.9  1.7  3.6  5.3  8.9

 toddler, 12kg; child, 40kg; teen, 55kg; adult, 70kg

 Some other estimates of dental mercury exposure for the general population are: 3.9-21 µg/person/day
(IPCS, 1991); 1.3-27 µg/person/day (Vimy and Lorscheider, 1990); 1-5 µg/person/day (ATSDR,
1994); 12 µg/person/day for a group of 9 volunteers with an average of about 47 amalgam-filled tooth
surfaces (Skare & Engqvist, 1994).  From a review of 14 independent studies examining the dynamics
of amalgam-released mercury levels in blood, urine, brain or kidney, it was concluded that the probable
mercury dose from amalgam is below 10 µg/person/day (Halbach, 1994).  This is similar to other work
suggesting estimates of below 5 µg/person/day (Barregård et al., 1995; ATSDR, 1994) and in the range
of 1-2 µg/person/day (Eley, 1997a).

 4.2 Australian data on tooth fillings and estimate of amalgam mercury exposure

 A major health survey conducted in Australia in 1987-1988 showed that adults between 20 and 64 years
of age had, on average, 5 to 10 filled teeth (Barnard, 1993).  A study conducted in South Australia in
1995/96 showed a mean number of 8 teeth with fillings for 35-44 years olds (See Section 1.1, Figure 4).
Assuming that these fillings are all dental amalgams, then the information in the above table would
suggest that 5-10 fillings might be associated with a daily mercury exposure of 2-5 µg.  This appears to
be in general agreement with estimates of daily amalgam mercury exposure mentioned above.
However, it must be stated that such information is simplistic in that it does not take into consideration
important issues such as the number or location of filling surfaces.  For 12 year old children, intake of
about 0.3µg mercury per day might be expected from their mean number of 0.5 fillings per person.
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more of these should be regarded as a pivotal study.  An extensive search should be made for
unpublished negative studies.  The results of the individual batteries of neuropsychological tests should
be examined to determine whether any consistencies exist in nature of the tests shown to be positive and
negative.

We have not conducted a systematic search of cohort studies of workers involved in industries with
exposure to mercury.  If such studies can be identified and if they involve exposure that is much greater
than would be produced by dental amalgam then these may be of value in providing reassurance or in
pointing to potential long-term health effects.
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Table 8. Studies of adverse health effects of mercury

Authors Design & Study Description Exposure levels End Points Outcomes1

Fawer et al,
1983

Cross-sectional study of
industrial mercury vapour
exposure among 26 cases from
glass blowers, chloralkali plant
and chemical industry male
workers, and 25 controls from
the same factories.

Air sampling, urine and whole
blood.

Duration
exposure (yrs)
Air (personal) exposure
(mg/m3)
Hg urine
(µmol/mol creatinine)
Hg blood
(µmol/L)

Exposed

15.3

0.026

11.3

41.3

Controls

-

-

3.4

16.6

Hand tremor, at rest and with
weight using accelerometer

Increase hand tremor. No dose
response relationship defined.
[Mean 0.026mg/m3 taken as
LOAEL].

Echeverria et al,
1995

Cross-sectional study of
occupational exposure among
19 exposed dentists and 20
unexposed dentists.

Urine sampling

Hg urine
(µg/L)

Exposed

36

Unexposed
not

detectable

Vocabulary, mood scale,
symptom questionnaire and six
behavioural tests:
digit span, symbol digit
substitution, simple reaction
time, ability to switch between
tasks, and One Hole Test
Control for age, race, gender
and alcohol consumption.

Vocabulary, two symptoms, and
mood score associated with urine
Hg.  Pooled sum of behavioural test
associated with urine Hg, but not
individual tests.
[LOAEL mean urinary level for
exposed group of dentists].

Gonzalez-Ramirez
et al, 1995

Cross-sectional study of
occupational exposure among 5
dentists, 10 dental technicians
and 13 non-dentists.  Little use
of encapsulated dental
amalgam, leading to high
occupational exposure.

Urine sampling 6hrs before
and after DMPS challenge

Dental technicians
Dentists
Nondental personnel

Excretion
Before
29.7
19.8
3.00

(µg/L)
After
481.0
275.0
37.2

Vocabulary, mood scale,
symptom questionnaire and
behavioural tests.
Control for age, alcohol
consumption, eye glass wear
and vocabulary.

Symptoms, mood and some
behavioural tests associated with
post chelatian urinary Hg.

Ngim et al,
1992

Cross-sectional study of
occupational exposure among
98 dentists and 54 controls,
Singapore.

Mercury monitored by personal
air sampling badges and blood
samples
Air Hg vapour
(mg/m3)
Average duration
(yrs)
Hg blood
(µg/L)

Exposed

0.014

5.5

9.8

Neuro-behavioural tests (10)
and intelligence tests (4)

Controlled for age, sex,
education, dental fillings,
smoking, alcohol, fish, Chinese
traditional medicine
consumption.

Dentists score significantly worse
in the neuro-behavioural tests.
Dose-response tested within
exposed dentists.

                                               

1 LOAEL when noted is taken form Richardson GM.  Mercury exposure from dental amalgam:  re-evaluation of the Richardson model, standardization by body surface area, and
consideration of recent occupational studies.  Ottawa:  O’Connor Associates Environmental Inc., 1998
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Table 8. Studies of adverse health effects of mercury    (Contd)

Authors Design & Study Description Exposure levels End Points Outcomes1

Soleo et at,
1990

Cross-sectional study of
industrial mercury exposure
among 8 chronically exposed,
20 occasionally exposed and 22
control workers from the same
factory.

Urine sampling over 1979-1987

Chronic
Occasional
Control

Hg urine
(µg/L)
18.2
11.7
8.5

Neuro-behavioural tests-
personality traits, simple
reaction time, visual
recognition, dexterity, digit
span, digit symbol, clinical
depression.
No controlling variables.

Short-term memory impaired, more
depression and some personality
changes

Liang et al,
1993

Cross-sectional study of 88
workers in a fluorescent lamp
factory exposed to mercury
vapour matched with 70 non-
exposed controls from an
embroidery factory.

Air and urine samples
Air Hg
(mg/m3)
Duration at least 2 yrs
Mean (yrs)

Hg urine
(mg/L)

0.033

10.4

Exposed

0.024

Controls not
detected

Neuro-behavioural tests -
Profile of Mood States and 10
tasks in a computer -
administered neuro-
behavioural evaluation system.
Include intelligence, memory,
vision perception and
psychomotor areas.
Control for age as a
confounder.

Negative mood state found for
fatigue and confusion.  Poorer
performance with mental
arithmetic, switching attention and
two-digit search tests.  Evidence of
cumulative effects with long-term
exposure.

Piikivi and
Tolonen,
1989

Cross-sectional study of 41
exposed workers in a
chloralkali plant and a matched
group by age and sex of
workers in mechanical wood
processing plants

Blood and urine samples
Exposure (estimated)
Air
(mg/m3)
Duration
(yrs)
Hg blood (total)
(µmol/L)
Hg urine
(µmol/mol creatinine)

Exposed

25

15.6

58.0

11.6

Controls

15

18.8

1.1

Electro-encephalograph. Tendency for increased number of
EEG abnormalities on visual
inspection.  Exposed workers had
significantly slower and more
attenuated EEGs than the controls.
No clinical pathology
[LOAEL is the mean urinary Hg in
the exposed workers].
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Table 8. Studies of adverse health effects of mercury    (Contd)

Authors Design & Study Description Exposure levels End Points Outcomes1

Roels et al,
1982

Cross-sectional study of 43
exposed workers from electric
storage battery and chloralkali
plants and 47 controls from the
same plants.

Blood and urine samples
Hg blood
(µg/100ml)
Hg urine
(µg/g creatinine)
Yrs of exposure

Exposed

2.92

45.5
5.3

Controls

0.23

1.3

Renal function and
psychomotor tests-
orthokinesimeter test and hole
tremormeter test.

Increased proteinuria and
albuminuria among exposed
workers. Psychomotor tests less
satisfactory in exposed workers,
especially arm-hand steadiness.  No
clear-cut relationship found
between psychomotor scores and
Hg blood or Hg urine.  Exposed
group divided into three by urinary
Hg concentration. Higher urinary
Hg groups showed some differences
[LOAEL is lower limit of urinary
Hg concentration interval (50-99.9
µg/g creatinine) that demonstrated
significant impairment].

Roels et al,
1985

Cross-sectional study of 131
male workers and 54 female
workers exposed to mercury
vapour from a range of Belgian
plants and 114 male and 48
female control workers from
mercury-free plants.

Blood and urine samples
Exposure
(yrs)

Hg blood
(µg/dl)
Hg urine
(µg/g creatinine)

4.8

Exposed
Male Female

1.43    0.90

51.5   36.5

Controls
Male Female

0.20    0.23

0.9      1.7

Symptoms, central nervous
system tests- simple reaction
time, critical flicker fusion,
colour discrimination, short-
term memory and hand tremor
and renal function.

Symptoms (memory disturbances,
depressive feelings, fatigue and
irritability more prevalent in
exposed workers, but not related to
exposure parameters. No significant
differences in short-term memory,
simple reaction time, critical flicker
fusion, or colour discrimination
ability.  Increased renal tubular
activity.  No difference in females
in hand tremor.  Males with longer
term exposure, > 10 years, showed
preclinical signs of tremor.
Authors indicated the relative
safety of urinary Hg less than 50
µg/g creatinine.  [LOAEL is mean
urinary Hg concentration for
exposed group (females)].

Roels et al,
1989

Cross-sectional study of 54
male exposed workers from
chloralkali  and dry alkaline
battery plants and 48 control
workers form the same plants.

Blood and urine samples
Exposure
(yrs)
Hg blood
(µg/dl)
Hg urine
(µg/g creatinine)

Exposed

7.7

3.32

75.0

Controls

0.25

1.8

Hand tremor measured by an
accelerometer and two
psychomotor tests: eye hand
co-ordination and hand
steadiness.

Preclinical alterations in hand
steadiness and eye-hand co-
ordination. No dose-response
relationship. No significant
differences in accelerometer tests.
[LOAEL is mean urinary Hg
concentration in exposed group].
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Table 8. Studies of adverse health effects of mercury    (Contd)

Authors Design & Study Description Exposure levels End Points Outcomes1

Ritchie et al,
1995

Cross-sectional study of two
groups of dentists (20 older
dentists and 19 trainees),
Scotland, and two-age matched
control groups (mainly
doctors).

Urine samples
Hg urine
(nmol/mmol creatinine)
Older
Younger

Dentists

3.65
1.8

Control

0.95
1.25

Computerised cognitive and
motor skills assessment (8
tests) (Cognitive Drug
Research). Also a general
health questionnaire.

All urinary Hg within occupational
limits.  Five (of 8) psychomotor
tests showed no differences
between the four groups.  Older
dentists showed significantly better
performance on simple reaction
time and poorer performance on
immediate word recall and delayed
word recall tests.
[LOAEL is mean urinary Hg
concentration in older exposed
dentists].

Gunther et al,
1996

Repeated measurements (4
rounds) of 14-21 high exposed
and 34-50 low exposed
chloralkali workers and 37-43
control workers from non-
exposed departments of a
factory (first three rounds only).
14 high exposure, 33 low
exposure workers participated
each of 4 rounds and 30
controls participated in 3
rounds.

Urine samples
Exposure
(yrs)

Hg urine
(µg/L)
Round 1

2
3
4

12

Low
exposure

26
28
22
23

High
exposure

122
123
152
111

Psychological examination
including symptom
questionnaire, personality,
amnestic function and
attention, sensorimotor
functions and coordination
functions.

Age, verbal intelligence and
gender controlled.

Symptoms and personality traits did
not vary significantly with
exposure.  Finger dexterity, tapping
and aiming were 3 out of 13
performance measures which
showed lower performance with
increasing current exposure.  No
dose-response could be
demonstrated.  Cognitive deficits
above 50 µg/L urinary Hg not
confirmed.  Fine motor function
deficits at 50-150 µg/L.

Cavalleri et al,
1995

Cross-sectional study of 33
exposed workers in four
factories making precision
instruments matched with 33
referents for sex, age, alcohol
consumption and cigarette
smoking.

Urine sample
Exposure
(yrs)

Hg urine
(µg/g creatinine)

8.3

Exposed

28-287

Colour confusion tests Subclinical colour vision loss,
mainly in the blue-yellow range.
Urinary Hg > 50µg/g creatinine
can induce colour vision loss
[Lowest urine Hg value selected as
LOAEL because no threshold].
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Table 8. Studies of adverse health effects of mercury    (Contd)

Authors Design & Study Description Exposure levels End Points Outcomes1

Langworth et al,
1997

Cross-sectional study of 22
dentists and 22 dental nurses at
6 Swedish dental clinics and 44
age and sex matched controls.

Air, blood and urine samples
Hg Air
(µg/m3)
Dental nurse
Dentist
Stationary point

Hg blood
(nmol/L)
Hg plasma
(nmol/L)
Hg urine
(nmol/mmol creatinine)

3.1
2.9
3.0

Exposed

18

5.1

3.0

Controls

18

4.2

2.3

Neuro-behavioural symptoms
and questionnaires- Q16,
Eysenck Personality Inventory
and Profile of Mood Scales-
physical examination and renal
function (excretion albumin
and NAG).

Air levels were influenced by
method of amalgam preparation and
inserting, and by the method of air
evacuation during drilling and
polishing. Duration of exposure did
not influence Hg in biological
samples. Physical examinations
showed normal outcomes. Positive
answers Q16 higher exposed group.
No differences EPI questionnaire.
With POMS, only anger was higher
in the exposed group. Correlations
symptom, questionnaire scores and
exposure measures not significant.
No significant differences in renal
function.
[LOAEL is mean urinary Hg
concentration for exposed group].

Echeverria et al,
1998

Cross-sectional study of 34
dentists and 15 dental
assistants.

Urine Hg samples before and
after DMPS challenge.

Hg urine
(µg/L)
Number of amalgams
placed/week, wearing a mask
and number of amalgams in own
mouth associated with pre-
chelation Hg urine.

Pre
chelation

0.9

Post
chelation

9.1

Neuro-behavioural tests,
including symptoms, Profiled
Mood States, hand steadiness,
simple reaction time, finger
tapping, one-hole pins,
vocabulary, recognition
memory test, trail marking,
visual retention test, switching
task and symbol digit.
Control for age, race, sex,
vocabulary and wearing
eyeglasses.

Unchallenged urinary Hg
represented as recent exposure
while post-chelation urinary Hg
represented as Hg body burden.
Associations between Hg and
symptoms, mood, motor functions
and non-specfic cognitive
alterations, in task performance.
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4.5 Other comments on TDI and TDI exceedance

As mentioned previously, one component of generating a TDI involves dividing the NOAEL or LOAEL
by a set of safety factors (SF).  These are employed when developing a 'safe exposure' guideline value
by extrapolating from a particular set of exposure-response data to a general human exposure scenario.
In the absence of specific information on, for example, a NOAEL and the inter- and intra-species
variability of response, SF serve to ensure a conservative final guideline value.  As stated earlier, the
US-EPA and Richardson and Allan have both used the data from the Fawer et al (1983) study as the
starting point for setting a guideline value for mercury.  In comparing SF employed, the US-EPA has
used a total SF of 30, comprising 10 for sensitive human subpopulations (i.e. intra-species variability)
and for use of a LOAEL, and 3 for lack of data base, particularly developmental and reproductive
studies (US-EPA, 1998).  However, Richardson and Allan used a total SF of 100, being 10 for use of a
LOAEL rather than a NOAEL and 10 for sensitive human subpopulations (Richardson and Allan,
1996).

Clearly, use of different total SF by different groups of risk assessors will result in disparate final
guideline values.  One frustration with understanding any reported SF is that the precise justification of
choosing or not choosing a particular SF is rarely discussed in great detail.  Further, it is well-known
that SF selection is based largely on subjective judgement which is best arrived at by consensus
agreement amongst a group of toxicologists.

Finally, it is important to make the point that TDI approaches are generally conservative so that minor
exceedance of the TDI is usually not considered to engender a health risk.  However, it is difficult to
determine at what dose above the TDI significant health risk becomes a concern.  In the case of
mercury it would clearly be desirable to have a very large safety margin if this were practical. However,
at present there is a substantial margin between the intakes of mercury associated with the effects
observed in humans and the intake of mercury from a limited number of amalgam restorations.

4.6 Toxicological information on alternative resin-based restorative materials

On various occasions during the numerous discussions and interviews conducted by the Working Party,
the issue of alternative dental restorative materials (composite resins) was raised.  This has principally
been in the context of their toxicologic potential vis-à-vis mercury in amalgam.  The Working Party
therefore considered that it was worthwhile to briefly and generally summarize current knowledge on
the toxicitiy of the many components that constitute composite resins.  Inorganic components such as
silica and other glass materials are essentially inert, so the focus here will be the approximately 20
organic components which are being used.

From a qualitative viewpoint, there is a dearth of information on these 20 components.  One recent
review indicated that for 9 of these compounds there were no in vivo toxicity data, 6 were lacking
mutagenicity or genotoxicity data, while for 17 there were no carcinogenicity data (Mjör and
Pakhomov, 1997).  On the other hand, several compounds were positive in genotoxicity tests.  Also, for
methacrylic acid, Bis-GMA, formaldehyde, MMA, benzoyl peroxide, 2-hydroxy-4-methoxy-
benzophenone and
p-methoxyphenol there is evidence of epithelium irritation and/or allergic sensitisation.

Regarding the quantitative aspects of release of composite materials from dental restorations, again
scant information is available.  For most components, nothing is known of their release rates.  An
attempt to estimate the amount of release of silica, BisGMA, formaldehyde and methacrylic acid from
composite resins has suggested mean daily release rates of 1.14 µg/kg, 0.41µg/kg, 0.02µg/kg and
3.3x10-5 µg/kg body weight, respectively (Richardson, 1997).  This author concluded that these rates
would not present an appreciable health risk.  However, for all other composite materials, it is
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acknowledged that the insufficient quantitative and qualitative data makes it impossible to fully assess
their toxicity to humans.

This Working Party wishes to point out that there is a clear need for a comprehensive review of this
area and for more toxicological research on composite materials to be undertaken.  Furthermore,
information on the health risk uncertainty associated with alternative composite resins should be
provided to dentists and patients.

4.7 Conclusions

4.7.1 Mercury is released at a slow rate from dental amalgams, generally of a few micrograms
per person per day among adults, the amount being dependent on many variables
including number and shape of fillings, eating habits, and bruxism.

4.7.2 For the current mean numbers of amalgam fillings in Australian children and adults (0.5
and 8, respectively), a reasonable estimate of daily mercury absorption per person is
about 0.3µg and 3.5µg, respectively.  In comparison, dietary mercury retained in the
body is, respectively, about 10-fold and 2-fold higher than these amounts.

4.7.3 Attempts have been made to determine the safe level of mercury exposure in humans.
The main approach has involved studying people occupationally exposed to mercury in
air, and examining a range of subclinical symptoms of neurotoxicity, e.g. hand tremor.
While this has been taken further by some risk assessors and combined with safety
factors to generate a Tolerable Daily Intake, the Working Party has serious reservations
about the quality of data used in such calculations.

4.7.4 Of recent studies of exposure to mercury in industry and dental occupational settings, no
study was identified which reported clear-cut illness amongst those exposed to mercury.

4.7.5 No studies have been completed which have compared the health outcomes among
dental patients with and without dental amalgams to determine whether there may be
differences in symptoms associated with mercury neurotoxicity.

4.7.6 For the numerous compounds used in alternative restoration materials, it is evident that
for most there has been little or no toxicological testing and analysis of release rates from
fillings.

4.8 Considerations

4.8.1 Special initiative status should be awarded to research projects that address issues of the
effectiveness of alternative restorative materials for direct restorations of occlusal and
approximal surfaces of permanent teeth, the release of mercury from amalgam
restorations, the health-related effects of mercury from dental restorations, and the
efficacy of the removal of dental amalgam restorations (singularly or in combination with
other interventions).

4.8.2 It is desirable to move toward alternative direct restorative materials to dental amalgam.
However, the alternative direct restorative materials, which are being increasingly used
have been infrequently studied in terms of their toxicology.  Therefore, such toxicological
research is a high priority.
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4.8.3 The quality of data readily available in published reports on the adverse health effects of
low levels of mercury is a matter of concern.  The concerns include selectivity in the use
of studies, multiplicity of exposures, pre-existing conditions and confounding.  Further, a
number of studies identified with ‘suggestive’ or positive findings of sub-clinical effects,
are methodologically flawed or have interpretational problems that fail to add to a
‘weight-of-evidence’.

4.8.4 The potential encroachment of intake of mercury from dental amalgams on the safety
margin for the lowest-observed-adverse-effect level is sensitive to the safety factor used.
Some published work uses more conservative safety factors than necessary given that the
observed adverse effects are minor and subtle.

4.8.5 The safety factor between exposure and adverse health effects from mercury could be
contrasted with that of other heavy metals, particularly lead.

4.8.6 This is a need for closer surveillance of the growing literature on the pharmacokinetics of
elemental mercury, from the diet and dental amalgams, especially with regard to the
central nervous system and renal function.
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5. POLICY ON MERCURY AND DENTAL AMALGAM:  INTERNATIONAL RESPONSE

5.1 Synopsis of international reports

Mercury and dental amalgam in dentistry have been under increased scrutiny in numerous countries
over the last few years.  Much of the most recent consideration of mercury and dental amalgam seems
to have been initiated in response to the risk assessment conducted by Richardson for Health Canada in
1996.  The Working Party identified a number of international reports from 1996 to 1998.  These
included:

• Health Canada.  The safety of dental amalgam.  Ottawa:  Minister of Supply and Services,
Canada, 1996.

• Conseil d’évaluation des technologies de la santé du Québec (CÉTS).  The safety of dental
amalgam - a state of the art review (CÉTS 97-3 RE).  Montreal: CÉTS, 1997.

• World Health Organization.  Consensus statement on dental amalgam, 7 March 1997.  Geneva:
WHO, 1997.

• Committee on Toxicity of Chemicals in Food, Consumer Products and the Environment.
Statement on the toxicity of dental amalgam.  London:  Department of Health, 1998.

• US Environmental Protection Agency.  Mercury Study Report to Congress.  Vol. V: Health
effects of mercury and mercury compounds.  Washington, DC:  US Environmental Protection
Agency 1997.

• Research Council Committee (FRN).  Mercury, amalgam and oral galvanism; the Report of the
FRN to the Government.  Press Release 03-04-1998.  Translated by Translating and Interpreting
Service (TIS), Department of Immigration and Multicultural Affairs.

• Cuttress TW (in collaboration with Godfrey ME, Miller JH, Whyman RE).  Dental amalgam and
human health - current situation.  Prepared for the New Zealand Ministry of Health.  Wellington:
Ministry of Health, 1998.

 An overview and synopsis of each of these reports is presented in Appendix C.

 Information from these reports has been summarised in Table 9.  The reports are noteworthy for their
similarity, variation occurs only occasionally and is limited to only two issues.

 5.2 Similarities

 Where mentioned all the reports concur that mercury is released from dental amalgams.  Mercury is
released in small amounts, between 1-5 µg per day in adults, contributing detectable amounts to the
body.  Levels of mercury released from dental amalgam restorations were considered not to approach
those recognised to cause harmful effects, although one report noted that the mercury released might be
affecting people adversely, but the evidence was inadequate.

 Mercury released from dental amalgams was considered not or very unlikely to have links with specific
diseases, with the exception of a very few cases of hypersensitivity.

 Concerns were expressed about specific or susceptible populations.
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 Developing organisms are considered the most sensitive sub-populations.  Mercury can cross the
placental barrier and be taken up by the foetus.  Susceptible population groups, those which may
experience more severe adverse effects or effects at lower exposure levels might include children.

 Therefore, concerns exist for the use of dental amalgam in pregnant women (placement or
replacement).  Further, dental amalgam should be avoided, where possible, in children’s primary teeth.
These concerns do not derive from evidence, but from a combination of uncertainty and application of
general public and environmental health principles.  Such principles dictate to reduce exposure to
mercury where safe and practical alternatives exist.  This is considered a prudent response.

 Other materials do exist that are as well suited as dental amalgam in certain circumstances.  However,
there are still clinical situations where dental amalgam, because of its ease of handling and good physical
properties, is the material of choice.

 No evidence exists to justify the removal of dental amalgam restorations to relieve certain symptoms or
treat particular conditions (other than hypersensitivity).

 Preventive and ‘conservative’ or ‘minimum intervention’ approaches could continue to reduce exposure
to mercury from dental amalgams.

 5.3 Differences

 Only in two areas are differences in interpretation noted.

 First, a number of reports have regarded impaired kidney function as possible at sub-clinical levels of
exposure to mercury.  On this basis dental amalgam is to be avoided in people with impaired kidney
function.  On the other hand, some reports have stated no conclusion with regard to persons with pre-
existing renal disease.  Sandborgh-Englund (1998) has found no detectable signs of kidney dysfunction
associated with amalgam removal.  Further, Sandborgh-Englund et al (1996) have stated that elevated
levels of N-acetyl-β-glucose aminidase (NAG) has no predictive value in terms of impairment of renal
function by amalgam restorations.  The UK Committee on Toxicity of Chemicals in Foods, Consumer
Products and the Environment (COT) concluded that mercury from amalgam was not associated with
nephrotoxicity, but no conclusion could be drawn on the effects of mercury from amalgam restorations
on persons with pre-existing renal disease.  Whether persons with pre-existing renal disease are a
susceptible population remains unclear.  There appears to be little evidence that renal insufficiency
increases the likelihood of mercury toxicity or that the mercury released from dental restorations is
more likely to worsen disease in those with pre-existing renal insufficiency.  Both propositions appear
unlikely given the low concentrations of mercury involved but need to be researched in more depth
before we can make recommendations.

 Second, some reports have concluded that the available clinical data are not reliable enough for
establishing a Tolerable Daily Intake (TDI).  Further, Health Canada (1996) expressed concern about
the interpretation of any TDI established.  On the other hand, the US Environmental Protection Agency
(1997) proceeded with the establishment of an Inhalation Reference Concentration, but expressed only
‘medium’ confidence in the estimate.

 The Working Party was supportive of the estimation of a TDI, with appropriate explanation about its
meaning in any information made available to practitioners and the public.  There is a steadily
accumulating literature on studies of the possible adverse health effects of low levels of mercury.  There
is also a greater emphasis on the systematic review of the evidence of all health matters.  This includes a
literature providing a methodology for systematic reviews and meta-analysis.  The Working Party
considered that a targeted review of the adverse health effects of low levels of mercury would be
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advantageous and a contribution to the international discussion of mercury and dental amalgam in
dentistry.
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 Table 9. Summary of recent international reports on dental amalgam and mercury in dentistry

  Health Canada 1996  Conseil d’évaluation
des technologies de
la santé du Québec
(CÉTS) 1997

 World Health
Organization 1997

 Committee on
Toxicity of
Chemicals in Food,
Consumer Products
and the
Environment (COT)
1998

 US Environmental
Protection Agency
1997

 Research Council
Committee (FRN)
Sweden 1998

 Cutress New
Zealand 1998

 Mercury released
from dental
amalgams

 Yes
Contribute
detectable amounts
to the body

 Yes  Yes
Small amount

 Yes
1-5 µg per day

 -  -  Yes
Small amounts

 Whether levels
released approach
those recognised to
cause harmful
effects

 No  Might be affecting
people adversely,
but evidence
inadequate

 No  No
Free of systemic
toxicity

 -  -  -

 Links with specific
diseases

 Not in general.
However, small
percentage of
population
hypersensitive

 Very unlikely  No  Very few cases of
hypersensitivity
occur

 -  No scientific proof
of wider medical
system-wide effects

 Allergy or
sensitivity reaction

 Concerns in specific
or susceptible
populations

 Recognition of
transport across
placental barrier.
Impairment of
kidney function at
sub clinical levels of
exposure

 Dental amalgam be
avoided, where
possible in
children’s primary
teeth, in pregnant
women and in
people with
impaired kidney
function

 -  No conclusion with
regard to persons
with pre-existing
renal disease.
Mercury can be
taken up by the
foetus.
No evidence that
placement/removal
dental amalgam
fillings during
pregnancy is
harmful.

 Developing
organisms most
sensitive sub-
populations.

 -  -
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 Table 9. Summary of recent international reports on dental amalgam and mercury in dentistry    (Contd)

  Health Canada 1996  Conseil d’évaluation
des technologies de
la santé du Québec
(CÉTS) 1997

 World Health
Organization 1997

 Committee on
Toxicity of
Chemicals in Food,
Consumer Products
and the
Environment (COT)
1998

 US Environmental
Protection Agency
1997

 Research Council
Committee (FRN)
Sweden 1998

 Cutress New
Zealand 1998

 Specific concerns on
use of dental
amalgam

 Advisable to avoid
procedures using
dental amalgam in
pregnant women or
individuals with
kidney disease.

 -  -  Mercury from
amalgam not
associated with
nephrotoxicity.
 Prudent to avoid,
where clinically
reasonable, the
placement or
removal of amalgam
fillings during
pregnancy

 -  -  Possible adverse
effects on health of
some susceptible
people

 General concerns  Risk management
principles - reduce
exposure to mercury
where safe and
practical
alternatives exist

 Concerns do not
derive from
evidence, but from
combination of the
uncertainty in the
literature and
application of
general public and
environmental
health principles

 -   -  -  -

 Establishing a TDI  Available clinical
data not reliable
enough.
Concern about
misunderstanding of
TDI

 -  -  -  Inhalation reference
concentration
estimated, with
‘medium’
confidence in the
estimate

 -  A matter of
contention
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 Table 9. Summary of recent international reports on dental amalgam and mercury in dentistry    (Contd)

  Health Canada 1996  Conseil d’évaluation
des technologies de
la santé du Québec
(CÉTS) 1997

 World Health
Organization 1997

 Committee on
Toxicity of
Chemicals in Food,
Consumer Products
and the
Environment (COT)
1998

 US Environmental
Protection Agency
1997

 Research Council
Committee (FRN)
Sweden 1998

 Cutress New
Zealand 1998

 Removal of dental
amalgam fillings

 Not warranted  Any potential
benefit very
uncertain

 No evidence that
general symptoms
are relieved

 -  -  No evidence that
removal will lead to
actual improvement
in the general level
of health

 Difficult to justify
on available clinical
or scientific
evidence

 Benefits  -  Clinical situations
exist where no other
material is as well
suited as dental
amalgam.
Short- and long-
term costs of other
materials
substantially higher

 Wide indications for
use, ease of
handling, good
physical properties

 -  -  -  -

 Other  -  Preventive and
conservative
treatment could
reduce unnecessary
exposure to mercury
from amalgam
fillings

 Collection and
recycling
technology to reduce
environmental
pollution.
Occupational
exposure in
dentistry a potential
risk.

 Occupational
exposure of concern

 -  Swedish
Parliament’s
decision to phase
out for
environmental
reasons the use of
dental amalgam as
soon as satisfactory
replacement
material is available
was noted

 Higher levels of
mercury in blood
and urine of dental
personnel, but
health problems
similar to those with
no occupational
exposure


