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ABSTRACT

Dental amalgam is 50% metallic mercury (Hg0) by weight and causes Hg exposure. The
first assessment of Hg exposure and risk from dental amalgam in Canada was published
in 1996. Recent data provided the opportunity to update that assessment. During the
Canadian Health Measures Survey (CHMS; 2007 to 2009) the number of tooth surfaces
specifically restored with dental amalgam was recorded. Data were also collected on the
concentration of Hg in urine of survey participants. These data were employed to
determine Hg exposures in the Canadian population. Also determined was the number of
amalgam-restored tooth surfaces that would not result in exposure exceeding the dose
associated with Canada’s reference exposure level (REL) for Hg0. Based on the CHMS
data, 17.7 million Canadians aged ≥ 6 years collectively carry 191.1 million amalgam
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surfaces, representing 76.4 million amalgam-restored teeth. Average Hg exposures were:
Children -- 0.065 µg Hgkg-day; Teens -- 0.032 µgkg-day; Adults -- 0.033 µgkg-day;
and Seniors -- 0.041 µgkg-day. Of Canadians with dental amalgam restorations, 80.4%
experience a daily dose of Hg that exceeds the Canadian REL-associated dose. The
number of amalgam surfaces that will not result in exceeding the REL-associated dose
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varied from 2 amalgam surfaces (children, both sexes) to 7 surfaces (adult males).

Key Words
mercury, exposure, risk, dental amalgam, Canada.

INTRODUCTION
Dental amalgam restorations (also known as ‘silver’ fillings) are approximately 50% metallic
mercury (Hg0) by weight and are still a common dental filling material used in Canada. An
assessment of mercury (Hg) exposure and risks from dental amalgam was completed for Canada
in 1995 (Richardson and Allan 1996; also released as Health Canada 1995a). Dental amalgam
fillings are a major source of Hg exposure in Canada, compared to food (including fish), indoor
and outdoor air, drinking water and soil (Health Canada 1996, 1995a; Richardson and Allan
1996; Richardson et al. 1995). The primary route of exposure to Hg from amalgam is via
inhalation of Hg0 vapor emanating from in-place amalgam fillings (Richardson et al. 2011;
USFDA 2009; Richardson and Allan 1996; Health Canada 1995a; WHO 1991). Increasing
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dental amalgam load has been associated with altered urinary porphyrin profiles indicative of
alteration of the heme synthesis pathway (Geier et al. 2011; Woods et al. 2012).
Maternal amalgam fillings also result in exposure of the fetus, as well as exposure to
infants via breast feeding (Palkovicova et al. 2008; Ursinyova et al. 2006; Luglie et al. 2005;
Ask-Bjornberg et al. 2003, 2005; Lindow et al. 2003; Ask et al. 2002; Vahter et al. 2000; Lutz et
al. 1996; Drasch et al. 1994, 1998; Da Costa et al. 2005; Drexler and Schaller 1998; Oskarsson
Downloaded by [69.67.111.28] at 12:37 03 November 2012

et al. 1996).
The previous assessment of Canadian population Hg exposure and risks from dental
amalgam determined that daily Hg exposure from amalgam ranged between 0.031 µgkg
bodyweight per day and 0.05 µgkg bodyweight per day (Richardson and Allan 1996), with each
amalgam-filled tooth (which average 2.5 filled surfaces per filled tooth) delivering an estimated
daily dose of approximately 0.22 µg Hg0day. That 1995 Canadian assessment relied on
unpublished population data of decayed, missing, and filled teeth (DMFT), collected during
Health Canada’s Nutrition Canada Survey (NCS; 1970 to 1972), in combination with the simple
assumption that all in-place fillings were composed of amalgam, an assumption considered
reasonable at that time.
Use of amalgam in Canada is declining (Nicolae 2010), and recent data on the frequency
of amalgam dental restorations are now available for the Canadian population. Between 2007
and 2009, Health Canada and Statistics Canada conducted the Canadian Health Measures Survey
(CHMS; see Statistics Canada 2011a,b; Health Canada 2010a,b), a statistically representative
population survey of 5,604 Canadians aged 6 years to 79 years. Unique to this survey was the
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collection of data for survey participants of the number of tooth surfaces that were specifically
restored with dental amalgam. This is the first North American population-based survey to
specifically quantify the dental amalgam load. Although the U.S. National Health and Nutrition
Examination Surveys (NHANES) of 2001 to 2004 compiled data on the number of restored tooth
surfaces, NHANES did not differentiate or identify the specific restorative materials present
(discussed by Richardson et al. 2011). Given this recent quantitative data on the amalgam load in
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individuals of a representative Canadian survey, and the noted declining use of amalgam in this
country, it was considered important to update the assessment of Canadian population exposure
to Hg from dental amalgam.
The CHMS is further unique because urine analysis for Hg concentration (UHg) was
conducted, the results of which provide a direct measure of the incremental increase in UHg per
amalgam-filled tooth surface (i.e., the slope of the regression of UHg on amalgam surface count).
Within the CHMS, of the total sample of 5,604 Canadians surveyed, 97.1% provided urine
samples for quantification of UHg, of which 2,737 were ≥ the minimum quantifiable amount
(0.03025 nmol Hgmmol creatinine) (Statistics Canada 2011c). Numerous smaller studies have
demonstrated that Hg concentration increases in urine as amalgam load increases (discussed and
reviewed by Richardson et al. 2011). A preliminary tabulation summary of CHMS data on UHg
as a function of amalgam surface count was provided by Nicolae (2010), which is presented
graphically in Figure 1.
Employing data provided by the CHMS, the purpose of this paper was to update the
assessment of exposure to and risks from Hg0 from dental amalgam in the Canadian population.
This paper does not address exposure to methyl Hg that may result from the methylation of
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amalgam-related Hg in the oral cavity or gastrointestinal tract (Summers 2010; Leistevuo et al.
2001; Heintze et al. 1983; Rowland et al. 1975). Nor does this study quantify exposures to silver
and other metals that are mixed with Hg0 to create amalgam.

METHODS
The CHMS dataset was accessed via the secure data portal available through the Saskatchewan
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Research Data Centre (SKY RDC; University of Saskatchewan, Saskatoon, SK, Canada). Basic
information on this survey is presented in Table 1. Statistics and analyses were prepared using
Excel 2007® (Microsoft Corp. 2007), including the Data Analysis ToolPak®.
Methods of CHMS data collection will not be repeated herein. Methodological details are
available from Statistics Canada (2011b). Details on the oral health component are also available
from Health Canada (2010b). CHMS methods were also summarized by Nicolae (2010).
The focus herein was to determine the exposure to Hg from dental amalgam among
participants of the CHMS, and then to extrapolate those results to the Canadian population ≥ 6
years of age, employing statistical weighting factors ― the number of Canadians that each
survey participant represents ― provided with the CHMS data. Subsequently, the number of
Canadians expected to exceed the dose associated with the Canadian chronic reference exposure
level (REL) for Hg0 was quantified, as well as the number of amalgam-filled tooth surfaces that
should not, on average, result in exceeding the dose associated with that Canadian REL.
Survey participants were grouped into the following age groups, consistent with risk
assessment practice in Canada (see Health Canada 2004):
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Children aged 6 to 11 years;



Teens aged 12 to 19 years;



Adults aged 20 to 64 years; and



Seniors aged ≥ 65 years.
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Health Canada (2004) defines Adults as up to 59 years of age, and Seniors as ≥ 60 years
of age. However, this was altered herein to match the institutional definition of the Senior age
category in Canada (see Turcotte and Schellenberg 2006).

General Approach to Exposure Assessment
Chronic exposure to Hg0 from dental amalgam results in a steady state where daily uptake and
total daily excretion (via urine + faeces) of Hg can be considered to be in equilibrium (Weiner
and Nylander 1995; Rothstein and Hayes 1964). Therefore, determining the total daily amount of
Hg excreted as a result of the presence of dental amalgam equates to the daily dose from that
source. Hg doses were derived for each participant of the CHMS according to the methods
applied by Richardson et al. (2011) for the U.S. population. In general terms:

1.

The incremental Hg concentration in urine was determined as a function of each person’s
number of amalgam-filled tooth surfaces (µg Hgg creatininesurface x number of
surfaces). CHMS data on UHg in units of nmol Hgmmol creatinine were converted to µg
Hgg creatinine prior to analysis.

6
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2.

The total Hg excreted via the urine in 24 hours was determined by multiplying the Hg
concentration in urine due to amalgam (as µg Hgg creatinine) by the amount (grams) of
creatinine excreted in urine over 24 hours.

3.

The total daily absorbed dose of Hg from amalgam was then determined by dividing the
total amount of Hg from amalgam excreted in urine by the proportion of total daily Hg
excretion that occurs via the urine pathway alone, thus accounting for excretion via both
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urine and faeces.

Steps 1 to 3 above are represented by the following equations:

UHg Incremental = N * B

(1)

where UHgIncremental  incremental urinary Hg concentration (µg Hgg creatinine) that is due to
the presence of amalgam-filled tooth surfaces; N  number of amalgam-filled tooth surfaces, B 
increase in UHg per amalgam-filled surface ([µg Hgg creatinine]surface),

UHg Excreted = UHg Incremental * CCR * BW

(2)

where UHgExcreted  Hg excreted via urine in 24 hours (µg Hgday), CCR  creatinine clearance
rate, creatinine excreted per kg bodyweight in 24 hours, (g creatininekg-day), BW  bodyweight
(kg)

7
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Hg Absorbed = UHg Excreted / (P*BW)

(3)

where HgAbsorbed  Total Hg absorbed in 24 hours (µgkg-day), P  proportion of total Hg
excretion via urine (unitless).
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Finally, combining Equations 1 to 3:

Hg Absorbed (µg/kg-day) = [N * B * CCR]/ P

(4)

To define the number of amalgam-filled tooth surfaces that should not, on average, result in
exceeding the dose associated with the Canadian REL for Hg0, Equation 4 can be re-arranged to
solve for N (number of amalgam surfaces) when Hg Absorbed is set equal to the REL dose, as
follows:

N = DoseREL x P/[B x CCR]

(5)

where DoseREL  the absorbed dose (µgkg-day) associated with the Canadian REL for Hg0 of
0.06 µgm3

Defining Values for Exposure Variables in Equations 1 through 5

8
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Data recorded during the CHMS specifically included the number of amalgam surfaces in each
survey participant, their gender, bodyweight and age. The CHMS data permitted the direct
determination of variable B, the incremental increase in UHg per amalgam surface; this variable
is the slope of the linear regression of UHg (as µg Hgg creatinine) on individuals’ amalgam
surface count. This linear regression was conducted separately for males and females of each age
group. The slopes of these regressions were employed to define variable B uniquely for each
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gender group within each age category. Values (± standard error) of B were:



Female children: 0.056 (±0.005) µg Hgg creatinineamalgam surface (R2  0.43);



male children: 0.053 (±0.005) µg Hgg creatinineamalgam surface (R2  0.40);



female teens: 0.047 (±0.004) µg Hgg creatinineamalgam surface (R2  0.43);



male teens: 0.022 (±0.002) µg Hgg creatinineamalgam surface (R2  0.37);



female adults: 0.025 (±0.001) µg Hgg creatinineamalgam surface (R2  0.32);



male adults: 0.015 (±0.001) µg Hgg creatinineamalgam surface (R2  0.17);



female seniors: 0.025 (±0.003) µg Hgg creatinineamalgam surface (R2  0.29); and



male seniors: 0.019 (±0.002) µg Hgg creatinineamalgam surface (R2  0.36).

All regressions were linear and all slopes were significant at p0.0001.
Fish consumption, resulting in exposure to methyl Hg, also influences UHg
concentration, likely due to the metabolic demethylation of methyl Hg in the body with
subsequent excretion of the resulting inorganic Hg via the kidneys (ATSDR 1999). However,
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this influence is small relative to, and less statistically significant than, the influence of amalgam
fillings on UHg (Levy et al. 2004; Link et al 2007; Jarosinska et al. 2008). Confounding of
variable B by fish consumption is not anticipated since variable B specifically quantifies the
incremental increase in UHg associated with the presence of amalgam surfaces, and it can be
assumed that the rate, range, and variability of fish consumption are not dependent on or
associated with increasing amalgam load in any given age and gender group; i.e., for each age
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and gender group, it can be assumed that fish consumption does not increase as the number of
amalgam surfaces increases.
Variable CCR, daily creatinine clearance rate, is proportional to body mass (Welle et al.
1996; Wang et al. 1996). Twenty-four hour creatinine clearance rates range between 0.015 and
0.025 gkg bodyweight (Thomas 1993). For the present study, the value for variable CCR was
defined randomly between the minimum and maximum from Thomas (1993), independently for
each participant of the CHMS. This method was applied equally to males and females, and for all
age groups. This randomization approach was considered better than simply assuming that
everyone had the same creatinine clearance rate (such as the maximum value of 0.025 gkg-day,
for example), since creatinine clearance varies between individuals.
Variable P, the proportion of total daily Hg excretion via urine, provides the basis for
determining total combined excretion of Hg from amalgam via urine + faeces. In other words:

Total Hg excretion = [urinary excretion] / P

(6)
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Hg excreted via the urine, as a proportion of total excretion, increases as Hg dose increases
(Rothstein and Hayes 1960, 1964; Cember 1962; Morcillo and Santamaria 1995). At the low
dose associated with a single amalgam surface, 10% of Hg excretion occurs via the urine (i.e.,
variable P  0.1), with this increasing to 40% (0.4) for a daily Hg dose associated with all (or
most) teeth being restored with amalgam. The maximum number of restored tooth surfaces
observed for the U.S. population was 128 (Richardson et al. 2011), which would be associated
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with a urinary excretion rate of 40% (see Richardson et al. (2011) and Richardson (1999) for
more details). The proportional excretion of amalgam Hg in urine can then be derived as a
function of the specific number of amalgam surfaces, as follows:

P = 0.1 + [(N -- 1) x 0.00236]

(7)

where P  proportion of total Hg excretion via urine (unitless); and N  number of amalgamfilled tooth surfaces.

RESULTS
Of the total population of 27,642,167 Canadians aged 6 years and older represented by the
CHMS, 63.95% of this population possesses one or more amalgam-restored tooth surfaces
(Table 1). Canadians with amalgam fillings collectively carry 191.1 million amalgam surfaces,
representing 76.4 million amalgam-restored teeth (2.5 restored surfaces on average per amalgamfilled tooth; Richardson et al. 2011).
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Estimated Hg exposures for the Canadian population, resulting from the presence of
amalgam fillings in their teeth, are summarized in Table 2. Of the 17.7 million Canadians aged 6
years and older that possess one or more amalgam-filled tooth surfaces, 14.2 million (80.4%)
exceed the Hg dose of 0.011 µgkg-day that is associated with the Canadian chronic REL for Hg0
(REL  0.06 µg Hg0m3 ; Health Canada 2008; Richardson et al. 2009). See footnotes to Table 2
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for derivation of the REL-associated dose.
The numbers of amalgam-filled tooth surfaces that will not exceed the Hg dose
associated with the Canadian REL are presented in Table 3. Values are listed separately for
females and males of each age group, owing to the different value of B (incremental increase in
UHg per amalgam surface) used in Equation 4 for each age group and gender combination.
Children can have 2 amalgam surfaces, male teens up to 5 surfaces, adult males up to 7 surfaces
and senior males up to 6 amalgam surfaces before exceeding, on average, the REL-associated
Hg0 dose. The allowable number of amalgam surfaces in females is lower than that for males in
all age groups.

DISCUSSION
Lowest Reported Increases in Urine Hg per Amalgam Surface
CHMS data demonstrated that UHg in Canadians increases as amalgam load increases (Figure
1), consistent with other investigations of UHg as a function of the number of amalgam-filled
tooth surfaces (Geier et al. 2012; earlier studies reviewed by Richardson et al. 2011). The
incremental increases in UHg per amalgam surface (variable B, above) employed for exposure
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calculations herein were lower than other reported values; previous studies indicated a value of B
between 0.08 and 0.09 µg Hgg creatininesurface for persons ≤ 18 years of age, and between
0.06 and 0.07 µg Hgg creatininesurface for those  18 years of age. The maximum value of B
determined from the CHMS data was 0.056 µg Hgg creatininesurface (female children), with B
declining to as low as 0.015 µg Hgg creatininesurface for adult males. The values used herein,
being lower than those reported in other literature, significantly reduce the likelihood of overDownloaded by [69.67.111.28] at 12:37 03 November 2012

estimating Hg exposures for the Canadian population; exposures would have been up to 4 times
greater for some agegender groups if literature values for variable B had been used.

Accuracy of Exposure Estimates
The results presented herein represent a significant improvement in accuracy and reliability of
exposure estimates, compared to the 1995 Canadian assessment of Hg exposure and risks from
dental amalgam. This improvement in accuracy and reliability is due to the following factors:



Significantly greater supporting data provided by the CHMS, including the direct
measurement of the number of amalgam surfaces, bodyweight and age.



The application of agegender group-specific increases in UHg per amalgam-filled tooth
surface, determined directly from the CHMS data.



The ability to accurately extrapolate to the entire general population by application of
statistical weighting factors provided with the CHMS data.
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Canadian Hg Exposures from Amalgam Relative to other RELs
The reference exposure level employed herein for risk characterization (REL  0.06 µgm3 ;
REL-associated dose  0.011 µgkg-day) was developed in Canada following Canadian practices
for regulatory toxicology (see Richardson et al. 2009). However, Canada is not the only
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jurisdiction to establish a reference exposure level for Hg vapor. Others include:



California EPA (2008): REL  0.03 µgm3 ; REL-associated dose  0.005 µgkg-day



WHO (2003): REL  0.2 µgm3 ; REL-associated dose  0.036 µgkg-day



USEPA (1995): REL  0.3 µgm3; REL-associated dose  0.054 µgkg-day

(REL-associated doses derived as per footnote to Table 2)
Virtually 100% of Canadians exceed the Hg dose associated with the REL published by
the California EPA. Obviously, fewer exceed the doses associated with the RELs of the U.S.
Environmental Protection Agency (USEPA) and the World Health Organization (WHO). It is
noteworthy that average Hg exposure from amalgam in Canadian children exceeds the USEPA
and WHO RELs. All of these agencies have defined their REL from the same basic toxicology
and key study (discussed by Richardson et al. 2009) and, therefore, the numeric differences in
the REL values among these agencies are due to differences in policy and practice rather than
science; differences particularly reflect variation in the uncertainty factors and modifying factors
applied in deriving the RELs. As a result, it was considered most appropriate to characterize the
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risks of Hg exposure from amalgam in Canada employing the Canadian REL, thereby
considering the policies and practices of regulatory toxicology in this country.

Regulation and Management of Chemical Exposures that Exceed RELs
The proportion of the Canadian population predicted to exceed the REL-associated dose for Hg0
due to dental amalgam is large, and would not generally be supported or permitted by regulation
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for other sources of Hg exposure. RELs are important in the context of the risk assessment and
risk management of chemical exposures, and environmental regulation. For example, all
provinces as well as the federal government in Canada require measures to reduce exposure and
risk where chemical exposures from sources such as contaminated sites exceed published RELs.
The Guidelines for Canadian Drinking Water Quality, which are used to regulate municipal
drinking water quality across the country, are derived to deliver a dose via tap water
consumption that does not exceed Canadian RELs (Health Canada 1995b).
The previous assessment by Health Canada (Richardson and Allan 1996) employed
Canadian dental health data collected between 1970 and 1972 and assumed that all in-place
fillings were composed of dental amalgam. The trend in dental care since that time has been
away from dental amalgam and towards aesthetic (tooth-colored) dental restorative materials.
Nicolae (2010) reported that between 2000 and 2010, the placement of dental amalgam had
declined by 50% or more, while the placement of composite resin fillings had at least doubled. A
similar trend is underway in the United States (Beazoglou et al. 2007). However, the rate of
placement of amalgam does not translate immediately to reduced amalgam load or reduced Hg
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exposure. The service life of an amalgam filling, prior to needing replacement, can extend over
decades (Opdam et al. 2010; Sunnegårdh-Grönberg et al. 2009; Käkilehto et al. 2009).
The amount of amalgam still being carried in the teeth of the Canadian population is
high; reportable in metric tonnes. A typical amalgam-filled tooth (from 1 to 5 filled surfaces)
contains approximately 1 gram of amalgam (Reinhardt et al. 1983) and, therefore, 500 mg of Hg.
With the Canadian population aged ≥ 6 years possessing a total of 76.4 million amalgamDownloaded by [69.67.111.28] at 12:37 03 November 2012

restored teeth, the total mass of Hg carried in those teeth is approximately 38 metric tonnes. This
amalgam will continue to contribute Hg to municipal wastewater systems through excretion in
urine and feces, ultimately contributing Hg to Canadian surface waters, landfills, and the
atmosphere (Van Boom et al. 2003) for the foreseeable future. Atmospheric emissions due to
cremation of cadavers possessing amalgam restorations will also continue (Mari and Domingo
2010; OSPAR Commission 2003; AMAPUNEP 2008.), particularly with the rate of cremation
in Canada, as a funeral option, nearing 60% (NFPA 2012) and its popularity steadily rising in
North America (CANA 2008).
However, it is apparent from the decline in amalgam placement, and increase in use of
composite resins (and likely other alternate materials) (Nicolae 2010; Beazoglou et al. 2007),
that viable alternative (non-Hg) restorative materials exist and reliance on dental amalgam for
the restoration of carious teeth is no longer necessary or essential. Perhaps the current efforts by
the United Nations Environment Programme (UNEP 2009) to negotiate a global treaty to
eliminate industrial and commercial uses of Hg, negotiations that include dental amalgam, in
combination with the increasing preference for tooth-colored dental restorative materials, will
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lead to regulatory reconsideration of the ‘essentiality’ of dental amalgam (see GOC 2011) as a
dental restorative material in Canada.

ACKNOWLEDGEMENTS
Funding for this work was provided by a grant from the Pure North S’Energy Foundation,
Calgary, AB, Canada. Funds management was facilitated by the International Academy of Oral

Downloaded by [69.67.111.28] at 12:37 03 November 2012

Medicine and Toxicology (IAOMT), ChampionsGate, FL, USA. The analysis presented herein is
based on data made accessible by Statistics Canada. Responsibility for the analysis,
computations on and interpretation of these data is entirely that of the author.

REFERENCES
AMAPUNEP (Arctic Monitoring and Assessment ProgrammeUnited Nations Environment
Programme). 2008. Technical Background Report to the Global Atmospheric Mercury
Assessment. Arctic Monitoring and assessment ProgramUNEP Chemicals Branch.
Available at www.amap.no
Ask K, Åkesson A, Berglund M, et al. 2002. Inorganic mercury and methylmercury in placentas
of Swedish women. Environ Health Perspect 110:523--6
Ask-Björnberg K, Vahter M, Petersson-Grawé K, et al. 2003. Methyl mercury and inorganic
mercury in Swedish pregnant women and in cord blood: influence of fish consumption.
Environ Health Perspect 111(4): 637--41

17

ACCEPTED MANUSCRIPT

ACCEPTED MANUSCRIPT
Ask-Bjornberg K, Vahter M, Berglund B, et al. 2005. Transport of methylmercury and inorganic
mercury to the fetus and breast-fed infant. Environ Health Perspect 113: 1381--5
ATSDR (Agency for Toxic Substances and Disease Registry). 1999. Toxicological Profile for
Mercury. US Department of Health and Human Services, Public Health Service,
Atlanta, GA. Available at http:www.atsdr.cdc.govtoxprofilestp46.pdf

Downloaded by [69.67.111.28] at 12:37 03 November 2012

Beazoglou T, Eklund S, Heffley D, et al. 2007. Economic impact of regulating the use of
amalgam restorations. Public Health Rep 122(5):657--63
California EPA (Environmental Protection Agency). 2008. Mercury, Inorganic --- Chronic
Reference Exposure Level and Chronic Toxicity Summary. Office of Environmental
Health Hazard Assessment, California EPA. Dated December 2008. Available at
http:www.oehha.ca.govairhot_spots2008AppendixD1_final.pdf#page  2
CANA (Cremation Association of North America). 2008. Statistics about Cremation Trends Cremation Data and Predictions: Data Trends Wheeling, IL. Available at
http:www.cremationassociation.org?pageIndustryStatistics
Cember H. 1962. The influence of the size of the dose on the distribution and elimination of
inorganic mercury, Hg(NO3)2, in the rat. Indust Hygiene J 23: 304--13
Da Costa SL, Malm O, and Dorea JG. 2005. Breast-milk mercury concentrations and amalgam
surface in mothers from Brasilia, Brazil. Biol Trace Elem Res 106:145--51
Drasch G, Schupp I, Hofl H, et al. 1994. Mercury burden of human fetal and infant tissues. Eur J
Pediatr 153:607--10

18

ACCEPTED MANUSCRIPT

ACCEPTED MANUSCRIPT
Drasch G, Aigner S, Roider G, et al. 1998. Mercury in human colostrum and early breast milk.
Its dependence on dental amalgam and other factors. J Trace Elem Med Biol 12(1): 23-7
Drexler H and Schaller K-H. 1998. The mercury concentration in breast milk resulting from
amalgam fillings and dietary habits. Environ Res, Section A 77: 124--9

Downloaded by [69.67.111.28] at 12:37 03 November 2012

Geier DA, Carmody T, Kern JK, et al. 2011. A significant relationship between mercury
exposure from dental amalgams and urinary porphyrins: a further assessment of the
Casa Pia children’s dental amalgam trial. Biometals 24:215--24
Geier DA, Carmody T, Kern JK, et al. 2012. A dose-dependent relationship between mercury
exposure from dental amalgams and urinary mercury levels: a further assessment of the
Casa Pia Children’s Dental Amalgam Trial. Hum Exp Toxicol 31(1):11--7
GOC (Government of Canada). 2011. Regulations Respecting Products Containing Certain
Substances Listed in Schedule 1 to the Canadian Environmental Protection Act, 1999.
Canada Gazette Part 1, volume 45, No. 9. Dated February 26, 2011. Available at
http:www.gazette.gc.carp-prp120112011--02-26htmlreg4-eng.html
Health Canada. 1995a. Assessment of Mercury Exposure and Risks from Dental Amalgam.
Prepared by GM Richardson on behalf of the Bureau of Medical Devices, Health
Protection Branch, Health Canada, Ottawa, ON, Canada. 109p. Available at http:dsppsd.communication.gc.caCollectionH46--1-36--1995E.pdf
Health Canada. 1995b. Guidelines for Canadian Drinking Water Quality, Part I: Approach to the
Derivation of Drinking Water Guidelines. Health Canada, Ottawa, ON, Canada. Dated

19

ACCEPTED MANUSCRIPT

ACCEPTED MANUSCRIPT
February 1995. Available at http:www.hc-sc.gc.caewh-semtpubswater-eaupart_ipartie_iindex-eng.php
Heath Canada. 1996. The Safety of Dental Amalgam. 1996. Catalogue number H49--1051996E,
Health Canada, Ottawa, ON, Canada. Available at http:www.hc-sc.gc.cadhp-mpsmdimapplic-demandepubsdent_amalgam-eng.php

Downloaded by [69.67.111.28] at 12:37 03 November 2012

Health Canada. 2004. Federal Contaminated Site Risk Assessment in Canada, Part I: Guidance
on Human Health Preliminary Quantitative Risk Assessment (PQRA). Contaminated
Sites Division, Health Canada, Ottawa, ON, Canada. Available at http:www.hcsc.gc.caewh-semtpubscontamsitepart-partie_iindex-eng.php
Health Canada. 2008. Scientific Criteria Document for Mercury Vapour (Hg0): Establishing a
Reference Exposure Level (REL) For Risk Assessment of Hg0 Exposures in Canada.
Unpublished report prepared by the Contaminated Sites Division, Bureau of Risk and
Impact Assessment, Safe Environments Programme, Health Canada, Ottawa, ON,
Canada. Dated January 7, 2008
Health Canada. 2010a. Summary Report on the Findings of the Oral Health Component of the
Canadian Health Measures Survey 2007--2009. HC Pub: 100185, Cat: H34--2211-2010E-PDF. Ottawa, ON, Canada
Health Canada. 2010b. Report on the Findings of the Oral Health Component of the Canadian
Health Measures Survey 2007--2009. HC Pub: 100183, Cat: H34--2212010E-PDF.
Ottawa, ON, Canada

20

ACCEPTED MANUSCRIPT

ACCEPTED MANUSCRIPT
Heintze U, Edwardsson S, Derand T, et al. 1983. Methylation of mercury for dental amalgam
and mercuric chloride by oral streptococci in vitro. Scand J Dent Res 91:150--2
Jarosinska D, Horvat M, Sallsten G, et al. 2008. Urinary mercury and biomarkers of early renal
dysfunction in environmentally and occupationally exposed adults: A three-country
study. Environ Res 108:224--32

Downloaded by [69.67.111.28] at 12:37 03 November 2012

Käkilehto T, Salo S, and Larmas M. 2009. Data mining of clinical oral health documents for
analysis of the longevity of different restorative materials in Finland. Internat J Med
Inform 78(12): e68--74
Leistevuo J, Leistevuo T, Helenius H, et al. 2001. Dental amalgam fillings and the amount of
organic mercury in human saliva. Caries Res 35(3):163--6
Levy M, Schwartz S, Dijak M, et al. 2004. Childhood urine mercury excretion: dental amalgam
and fish consumption as exposure factors. Environ Res 94: 283--90
Lindow SW, Knight R, Batty J, et al. 2003. Maternal and neonatal hair mercury concentrations:
the effect of dental amalgam. Br J Obstet Gynaecol 110: 287--91
Link B, Gabrio T, Piechotowski I, et al. 2007. Baden-Wuerttemberg Environmental Health
Survey (BW-EHS) from 1996 to 2003: Toxic metals in blood and urine of children.
Internat J Hyg Environ Health 210:357--71
Luglie PF, Campus G, Chessa G, et al. 2005. Effect of amalgam fillings on the mercury
concentration in human amniotic fluid. Arch Gynecol Obstet 271(2):138--42

21

ACCEPTED MANUSCRIPT

ACCEPTED MANUSCRIPT
Lutz E, Lind B, Herin P, et al. 1996. Concentrations of mercury, cadmium and lead in brain and
kidney of second trimester fetuses and infants. J Trace Elem Med Biol 10(2): 61--7
Mari M and Domingo JL. 2010. Toxic emissions from crematories: A review. Environ Internat
36:131--7
Microsoft Corporation. 2007. Microsoft Excel 2007. Microsoft Corporation, Redmond, WA,

Downloaded by [69.67.111.28] at 12:37 03 November 2012

USA
Morcillo MA and Santamaria J. 1995. Whole-body retention, and urinary and fecal excretion of
mercury after subchronic oral exposure to mercuric chloride in rats. BioMetals 8:301--8
NFPA (National Funeral Directors Association). 2012. Statistics: Cremation Facts. NFPA,
Brookfield, WI, USA. Available at http:www.nfda.orgmediacenterstatisticsreports.html
Nicolae A. 2010. An Analysis of the Relationship between Urinary Mercury Levels and the
Number of Dental Amalgam Restoration Surfaces in a Representative Group of the
Canadian Population. Report prepared in association with the program on Dental Public
Health, University of Toronto, Toronto, ON, Canada. Dated Summer/Fall 2010.
Available at http://www.utoronto.ca/dentistry/facultyresearch/units/11-110053-615DentalAmalgamReviewed17May2011.pdf
Opdam NJ, Bronkhorst EM, Loomans BA, et al. 2010. 12-year survival of composite vs.
amalgam restorations. J Dent Res 89(10):1063--7

22

ACCEPTED MANUSCRIPT

ACCEPTED MANUSCRIPT
Oskarsson A, Schutz A, Skerfving S, et al. 1996. Total and inorganic mercury in breast milk and
blood in relation to fish consumption and amalgam fillings in lactating women. Arch
Environ Health 51(3):234--41
OSPAR Commission. 2003. Mercury Emissions from Crematoria and Their Control in the
OSPAR Convention Area. Hazardous Substances Series, Convention for the Protection
of the Marine Environment of the North-East Atlantic (the “OSPAR Convention”).
Downloaded by [69.67.111.28] at 12:37 03 November 2012

ISBN 1--904426-13-1. London, UK
Palkovicova L, Ursinyova M, Masanova V, et al. 2008. Maternal amalgam dental fillings as the
source of mercury exposure in developing fetus and newborn. J Expo Sci Environ
Epidemiol 18(3):326--31
Reinhardt JW, Boyer DB, Svare CW, et al. 1983. Exhaled mercury following removal and
insertion of amalgam restorations. J Prosthet Dent 49(5):652--6
Richardson GM. 1999. Mercury exposure from dental amalgam: re-evaluation of the Richardson
model, standardization by body surface area, and consideration of recent occupational
studies. In: Chapter VI, Expert Commissions, Amalgam and Health - New Perspectives
on Risks, pp 384--418. FORSKNINGSRÅDSNÄMNDEN (FRN; Swedish Council for
Planning and Coordination of Research), Report 99:1, Stockholm, Sweden
Richardson GM and Allan M. 1996. A Monte Carlo assessment of mercury exposure and risks
from dental amalgam. Hum Ecol Risk Assess 2(4):709--61
Richardson GM, Mitchell M, Coad S, et al. 1995. Exposure to mercury in Canada: a multimedia
assessment. Water Air Soil Pollut 80:21--30

23

ACCEPTED MANUSCRIPT

ACCEPTED MANUSCRIPT
Richardson GM, Brecher R, Scobie H, et al. 2009. Mercury vapour (Hg0): Continuing
toxicological uncertainties, and establishing a Canadian reference exposure level. Regul
Toxicol Pharm 53:32--8
Richardson GM, Wilson R, Allard D, et al. 2011. Mercury exposure and risks from dental
amalgam in the US population, post-2000. Sci Total Environ, 409: 4257--68

Downloaded by [69.67.111.28] at 12:37 03 November 2012

Rothstein A and Hayes AD. 1960. The metabolism of mercury in the rat studied by isotope
techniques. J Pharmacol 130:166--76
Rothstein A and Hayes A. 1964. The turnover of mercury in rats exposed repeatedly to
inhalation of vapor. Health Phys 10:1099--113
Rowland IR, Grasso P, and Davies MJ. 1975. The methylation of mercuric chloride by human
intestinal bacteria. Experientia 31(9):1064--5
Statistics Canada. 2011a. Overview of the Canadian Health Measures Survey. Ottawa, ON,
Canada. Available at http:www23.statcan.gc.caimdbbmdidocument5071_D1_T9_V1-eng.pdf
Statistics Canada. 2011b. Canadian Health Measures Survey (CHMS) Data User Guide: Cycle 1.
Ottawa, ON, Canada. Dated April 2011. Available at http:www23.statcan.gc.caimdbbmdidocument5071_D2_T1_V1-eng.htm
Statistics Canada, 2011c. CHMS Cycle 1: Data Dictionary: Master file - Household, Clinic and
Lab Data. Ottawa, ON, Canada. Dated April , 2011

24

ACCEPTED MANUSCRIPT

ACCEPTED MANUSCRIPT
Summers A. 2010. Presentation to the US Food and Drug Administration Dental Products Panel,
December 14, 2010. Holiday Inn, Gaithersburg, Maryland. Transcript available at
http:www.fda.govAdvisoryCommitteesCommitteesMeetingMaterialsMedicalDevice
sMedicalDevicesAdvisoryCommitteeDentalProductsPanelucm235085.htm
Sunnegårdh-Grönberg K, van Dijken JW, Funegård U, et al. 2009. Selection of dental materials

Downloaded by [69.67.111.28] at 12:37 03 November 2012

and longevity of replaced restorations in public dental health clinics in northern
Sweden. J Dent 37(9):673--8
Thomas CL (Ed.) 1993. Taber’s Cyclopedic Medical Dictionary. F.A. Davis Company,
Philadelphia, PA, USA
Turcotte M and Schellenberg G. 2006. A Portrait of Seniors. Catalogue no. 89--519-XIE.
Statistics Canada, Ottawa, ON, Canada
UNEP (United Nations Environment Programme). 2009. Press Release: Historic Treaty to
Tackle Toxic Heavy Metal Mercury Gets Green Light. Nairobi, Kenya: UNEP
Secretariat; 2009. Available at
http://www.unep.org/Documents.Multilingual/Default.asp?DocumentID=562&ArticleI
D=6090&l=en
Ursinyova M, Masanova V, Palkovicova L, et al. 2006. The influence of mother’s dental
amalgam fillings on prenatal and postnatal exposure of children to mercury. Epidemiol
17(6):S494--5

25

ACCEPTED MANUSCRIPT

ACCEPTED MANUSCRIPT
USEPA (United States Environmental Protection Agency). 2004. Superfund Chemical Data
Matrix, Chapter 2: Data Selection Methodology. Washington, DC, USA.
http://www.epa.gov/superfund/sites/npl/hrsres/tools/method_2.pdf
USEPA. 1995. Mercury, Elemental (CASRN 7439--97-6). Integrated Risk Information System
(IRIS). Office of Research and Development, National Center for Environmental
Assessment, Washington, DC, USA. Available at
Downloaded by [69.67.111.28] at 12:37 03 November 2012

http:www.epa.govirissubst0370.htm
USFDA (US Food and Drug Administration). 2009. White Paper: FDA UpdateReview of
Potential Adverse Health Risks Associated with Exposure to Mercury in Dental
Amalgam. National Center for Toxicological Research, Washington, DC, USA
Vahter M, Akesson A, Lind B, et al. 2000. Longitudinal study of methylmercury and inorganic
mercury in blood and urine of pregnant and lactating women, as well as in umbilical
cord blood. Environ Res Section A 84: 186--94
Van Boom G, Richardson GM, and Trip LJ. 2003. Waste mercury in dentistry: the need for
management. Environ Health Rev 47(2):33--9
Wang ZM, Gallagher D, Nelson ME, et al. 1996. Total-body skeletal muscle mass: evaluation of
24-h urinary creatinine excretion by computerized axial tomography. Am J Clin Nutr
63(6):863--9
Weiner JA and Nylander M. 1995. An estimation of the uptake of mercury from amalgam
fillings based on urinary excretion of mercury in Swedish subjects. Sci Tot Environ
168:255--65

26

ACCEPTED MANUSCRIPT

ACCEPTED MANUSCRIPT
Welle S, Thorton C, Totterman S, et al. 1996. Utility of creatinine excretion in body-composition
studies of healthy men and women older than 60 y. Am J Clin Nutr 63(2):151--6
WHO (World Health Organization). 2003. Concise International Chemical Assessment
Document 50: Elemental Mercury and Inorganic Mercury Compounds: Human Health
Aspects. International Programme on Chemical Safety (IPCS). Geneva, Switzerland.

Downloaded by [69.67.111.28] at 12:37 03 November 2012

Available at http:www.who.intipcspublicationscicadencicad50.pdf
WHO. 1991. Inorganic Mercury. Environmental Health Criteria 118. International Programme
on Chemical Safety, Geneva, Switzerland
Woods JS, Heyer NJ, Echeverria D, et al. 2012. Modification of neurobehavioral effects of
mercury by a genetic polymorphism of coproporphyrinogen oxidase in children.
Neurotoxicol Teratol 34(5):513--21

Figure 1. Geometric mean concentration of Hg in urine as a function of age group and range of
amalgam-filled tooth surfaces. Age group data for sexes combined. Error bars represent the 95%
upper confidence limit on the geometric mean. Data transcribed from Nicolae (2010: Appendices
Tables 1B through 5B).

Table 1. Summary information on the CHMS, Cycle 1 (2007--2009).

Age group

Gender

Age range

Percent of

Number of

Population

Population

Average

those

amalgam

with no

with ≥ 1

number of

surveyed

surfaces

amalgam

amalgam

amalgam

tooth surface

surfaces for

with
completed

population

27

ACCEPTED MANUSCRIPT

ACCEPTED MANUSCRIPT

Children

Female

Female
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Female

Female

with ≥ 1

exams

surface

N: Range

N

N

N

6 to 11

99.6%

0--27

779318

282545

7.4

99.4%

0--29

788700

307667

6.8

99.4%

0--36

1153007

456662

5.3

99.6%

0--26

1269497

438016

5.0

95.7%

0--53

2600199

7375678

11.2

95.9%

0--60

2813288

7083477

10.9

71.6%

0--47

284813

909582

13.5

73.8%

0--64

277234

822485

12.9

12 to 19

20 to 64

Male
Seniors

oral health

%

Male
Adults

population

Years

Male
Teens

completed

≥ 65

Male

Totals

9,966,056 17,676,111

Table 2. Numbers of Canadians with amalgam that exceed the dose associated with the Canadian
reference exposure level for Hg0.

Age group

Age range

Population with

Population with

Mean Hg Dose from

amalgam and Hg

amalgam and Hg

amalgam

exposure ≤ REL

exposure  REL

a

Children

dose

dosea

Years

N

N

µgkg-day

6 to 11

30,028

560,184

0.065
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Teens

12 to 19

283,370

611,308

0.032

Adults

20 to 64

2,889,037

11,570,117

0.033

Seniors

≥ 65

256,712

1,475,355

0.041

3,459,147

14,216,964

Totals

a. REL  0.06 µgHg0m3 ; REL-equivalent dose calculated as: 0.06 µgHg0m3 *15.8 m3day*80%
Hg0 absorbed÷70.7 kg adult bodyweight; average bodyweight and inhalation rate from Health
Canada (2004); Hg0 absorption rate after WHO (1991); REL-associated dose derived using adult
characteristics (as per USEPA 2004) as all toxicological data underlying RELs for Hg0 is based
on studies of adults.

Table 3. Safe numbers of amalgam-filled tooth surfaces (N), that will not result, on average, in
exceeding the REL-equivalent dose of Hg0.

Age Group

Gender

REL dose

Pa

µgkg-day

Bb

CCRc

µg Hgg

g

Nd

creatininesurface creatininekgday
Children

Female

0.011

0.15

0.056

0.015

2.0

Male

0.011

0.15

0.053

0.015

2.1
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Teens

Adults
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Seniors

Female

0.011

0.15

0.047

0.015

2.3

Male

0.011

0.15

0.022

0.015

5.0

Female

0.011

0.15

0.025

0.015

4.4

Male

0.011

0.15

0.015

0.015

7.3

Female

0.011

0.15

0.025

0.015

4.4

Male

0.011

0.15

0.019

0.015

5.8

a. P  assumed proportion of total daily Hg excretion via urine; B  incremental increase in UHg
per amalgam surface; CCR  assumed daily (24 hour) creatinine clearance rate in urine; N 
number of amalgam surfaces not causing exceedence of Hg REL dose.
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