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EXECUTIVE SUMMARY

Background

This report was prepared in order to estimate current levels of mercury (Hg) exposure from
dental amalgam in the US general population. The report also reviews and discusses a variety
of issues regarding that exposure, Hg vapour (Hg®) toxicology, risk assessment, reference
exposure levels, and uncertainties, limitations and data gaps that continue to surround the issue

of Hg exposure from dental amalgam.

Currently in the United States, 181.1 million Americans of all ages carry a grand total of 1.46
billion restored teeth. Based on past dental practice, and recently available data on the relative
use of different restorative materials, the majority of these restorations, if not the vast majority,
are composed of dental amalgam. However, the exact proportion of those fillings that are
composed of amalgam versus alternate materials cannot be precisely quantified with currently

available information.

Hg® continuously evolves from dental amalgam fillings. That Hg° is inhaled, predominantly

during mouth breathing, and is absorbed from the lungs into systemic circulation where it is
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distributed and deposited to tissues throughout the body, including the brain. For the fetus and
infant, amalgam-associated Hg exposure arises from maternal amalgam load, via cord blood

(fetus) and breast milk (infant).

Dental amalgam is the primary source of exposure to Hg® in the general, non-occupationally
exposed population. Amalgam-related Hg exposure exceeds that from fish or other sources for
the majority of the population. Amalgam-associated Hg is detected not only in urine but also in:
feces; exhaled breath; saliva; blood; various organs and tissues including the kidney, pituitary
gland, liver, and brain; in amniotic fluid, placenta, cord blood, meconium and various fetal
tissues including liver, kidney and brain, due to maternal amalgam load; and in colostrum and

breast milk in association with maternal amalgam load.

Amalgam fillings are sufficiently significant to personal Hg exposure that the influence of
amalgam load on blood and urine Hg concentration can be detected despite moderate

occupational Hg exposure.

Exposure to Mercury from Amalgam in the US Population

Data on the occurrence of dentally restored tooth surfaces in the US general population were
drawn from the 2001 to 2004 National Health and Nutrition Examination Surveys (NHANES)
conducted by the US National Center on Health Statistics (NCHS).

Employing the latest research (predominantly US-based) on the incremental increase in urinary
Hg concentration per amalgam-filled tooth surface, and other information such as body weight
recorded in the NHANES, estimates of Hg exposure from amalgam fillings were determined for
5 age groups of the US population: toddlers (aged 2 to < 5 years), children (aged 5 to <13
years), adolescents (aged 13 to <21 years), adults (aged 21 to <60 years) and seniors (aged =

60 years). Children as young as 26 months were recorded as having restored teeth.

Four specific exposure scenarios were considered. These were:
o All reported restored tooth surfaces were assumed to be composed of amalgam;
o All reported restored tooth surfaces, but excluding 5 surface fillings (which were

assumed to be non-amalgam crowns) were assumed to be composed of amalgam;
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e Only 50% of all reported restored tooth surfaces, but excluding 5 surface fillings, were
assumed to be composed of amalgam,;

e 30% of persons with filled teeth were assumed to have no amalgam, and of the
remainder only 50% of all reported restored tooth surfaces, but excluding 5 surface

fillings, were assumed to be composed of amalgam.

Derived exposures for these 4 scenarios are summarized in Table ES-1. Average exposure
levels across all age groups, on a ug/day per filling basis (approximately 2 filled surfaces per
filled tooth, on average based on NHANES data), are consistent with previous estimates
presented by Health Canada in 1995. Table ES-2 presents the estimated proportion and total
number or US citizens possessing amalgam that exceed the dose associated with each of the
various reference exposures levels for Hg® published by US regulatory agencies and other

agencies/authors.

With reference to scenario 4, above, which is the least conservative of the scenarios evaluated
(predicts the lowest levels of exposure for any of the scenarios), it was determined that some
67.2 million Americans would exceed the Hg dose associated with the REL of 0.3 ug/m?®
established by the US Environmental Protection Agency in 1995, whereas 122.3 million
Americans would exceed the dose associated with the REL of 0.03 ug/m® established by the
California Environmental Protection Agency in 2008. Other published RELs, and the

populations exceeding them, fall between these two extremes.

Presented in Table ES-3 are the estimated numbers of amalgam-filled tooth surfaces that will

not result, on average, in exceeding the doses associated with the various RELs.

Fetal and Infant Exposure to Hg from Amalgam

The Fetus

The fetus and young infant are vulnerable or ‘sensitive’ receptors with respect to exposure and
risks to neurotoxic substances such as Hg®. An immature blood-brain barrier, and the continuing
development and maturation of the brain in utero and well beyond birth are the primary reasons

for this vulnerability.
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The fetus is exposed to Hg as a result of amalgam fillings present in the teeth of pregnant
women. Although the placenta and fetal liver provide some protection of the brain and other
organs and tissues from this Hg, that protection is not complete. Hg concentrations increase
with increasing maternal amalgam load in amniotic fluid, cord blood, placenta, meconium, and

various fetal and neonatal tissues including liver, kidney and brain.

Concentrations of amalgam-related Hg in fetal cord blood have been reported to range between
1.2 and 2 times the concentration of Hg in maternal blood, with incremental increases in cord
blood per maternal amalgam fillings of between 0.76 and 1.4 ug Hg/L per amalgam filled tooth.
At baseline (amalgams = 0), cord blood Hg concentrations are already elevated relative to
maternal blood Hg levels, further demonstrating the cumulative or bioconcentrating nature of Hg

exposure from mother to fetus.

It was estimated that for every maternal amalgam filling, the Hg concentration in cord blood
increases by an average of 0.11 ug Hg/L.  This is essentially the same incremental increase
per filling as observed in maternal blood, indicating that, on a blood concentration basis, the
dose received by the fetus is equal to that in the mother. This would equate to approximately
0.05 ug Hg/L of blood for every amalgam filled tooth surface, assuming approximately 2

surfaces per filling on average (determined from NHANES data).

Using these relationships derived from the published literature, fetal cord blood concentrations
were estimated for various numbers of amalgam fillings in the mother. Those estimates are

presented in Table ES-4.
The breast feeding infant

The concentration of Hg in breast milk increases with increasing maternal amalgam load.
However, overall risks posed to breast-feeding infants cannot be determined with any degree of
certainty until data on the further speciation of inorganic Hg (as Hg®* and Hg®) in breast milk are
available, and the gastro-intestinal absorption rate of the Hg® from ingested breast milk is better
understood. Based on currently available information, this pathway is not considered to be
problematic relative to fetal exposure, and there are no data or information to suggest that the
continued promotion of breast feeding, for its significant health and developmental benefits,

should be altered for mothers possessing amalgam fillings.
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Potential developmental effects associated with Hg exposure from dental amalgams

There is virtually no data on the neurotoxicological or neurodevelopmental effects posed by Hg°
exposure in the fetus or young infants. One study, related to amalgam, reported no adverse
outcomes in infants born to women bearing relatively low numbers of amalgam fillings. Another
study, again related to amalgam, reported a 4-fold increase or greater in the incidence of cleft
palate of children born to women who received dental treatments with amalgam during the first

trimester of pregnancy. This latter study is currently being repeated.

Given this paucity of neurotoxicological and neurodevelopmental data, the California EPA
applied additional precaution by increasing the uncertainty factors within their derivation of their
chronic reference exposure level for Hg®, establishing their regulatory REL at 0.03 ug Hg/m>.
Until further data are available on developmental and neurological outcomes associated with
Hg® exposure in humans, it is essential that precaution be applied in the determination of

updated and revised reference exposure levels for the protection of public health.

Toxicology of Hg°

Toxicological reviews of Hg® were recently prepared in 2008 by Health Canada and the
California Environmental Protection Agency. Additional, but older, reviews have been prepared
by the World Health Organization, the US Agency for Toxic Substances and Disease Registry,
and the US Environmental Protection Agency. As a result of the availability of these previous
reviews, a detailed review is not presented herein. Instead, this report presents an examination
of existing reference exposure levels for Hg® for protection of public health, including a new REL
just proposed in 2010, as well as a critical discussion of the Casa Pia and New England
Children’s Amalgam Trials (CATSs), the latter with reference to a very recent (currently in press)
dose-response analysis of porphyrin excretion in participants of the Casa Pia Children’s

Amalgam Trial.

Reference exposure levels (RELs) for Hg®
At present, six agencies and authors have prescribed reference exposure levels (REL) for Hg®,
for risk assessment of general (non-occupational) population exposures:

e the California Environmental Protection Agency in 2008: 0.03 pg/m?®;

e the Canadian Federal Department of Health (Health Canada) in 2008: 0.06 pg/m>;

e Lettmeier et al. (2010): 0.07 ug/m?;
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e the US Agency for Toxic Substances and Disease Registry in 1999: 0.2 ug/m?;
e the US Environmental Protection Agency in 1995: 0.3 ug/m?; and
e the European office of the World Health Organization in 2000: 1 ug Hg%m?.

On the basis of the key toxicological studies employed for REL derivation, it is apparent that
RELs established by the USEPA, the USATSDR and the WHO can no longer be considered
valid. The USEPA acknowledges within their entry for ‘mercury, elemental’ on their Integrated
Risk Information System website that significant new toxicological literature was identified as
early as 2002 that could significantly influence the determination of their REL. Also, these three
agencies all relied on occupational studies of chloralkali workers whose Hg exposure and
effects would have been reduced by concomitant chlorine gas (Cl,) exposure. The concomitant
exposure to Cl, that occurs in chloralkali plants reduces Hg respiratory absorption, reduces
deposition of Hg to the brain, and reduces the resulting toxicity of Hg exposure. This makes
chloralkali studies unsuitable for establishing a REL for public health protection from Hg°

exposure alone. The REL from California EPA is also based on those same chloralkali studies.

The degree of protection offered to the developing central nervous system (CNS) of the fetus
and young infant, including the brain, by the RELs from the USEPA, USATSDR and the WHO
are not defensible. With respect to the appropriate uncertainty factors to be applied in the
derivation of a valid REL for Hg’, the USEPA REL does not comply with their own current
guidance with respect to protection of the CNS of the fetus and infants from exposure to
neurotoxic chemicals. As reviewed and discussed by the California EPA, the database of
studies concerning the exposure and risks posed to the fetus, infants and children is minimal to
non-existent, requiring additional adjustments to (lowering of) the REL to account for these data

deficiencies.

The RELs developed by Health Canada and by Lettmeier et al (2010) employ studies of Hg
exposures that were free of concomitant Cl, exposure, making them more reliable for public
health protection. The REL of Lettmeier et al (2010) is particularly interesting as it was based

on a very recent study of Hg° exposure, rather than on studies published decades ago.

Ref.: 10738 vi November 2010



‘ SNC-LAVALIN
Environment

Mercury Exposure and Risks From Dental Amalgam

The study of Lettmeier et al (2010) is particularly important to the assessment of risks from Hg°
exposure, and ultimately to the determination of a valid and up-to-date REL for Hg®, because of
the following:
e The mercury vapour exposures can be safely assumed to have been free of concomitant
exposure to Cl,, so that confounding is avoided with respect to the chemical form of Hg,

the absorption and the toxic effects of Hg’.

e The toxicological data relate to what are clinical signs and symptoms rather than sub-
clinical measures of neurotoxicity, the latter often the cause for debate regarding

significance for human health risk assessment;

o A dose-response analysis was conducted in which ‘cut-off’ exposure values or points of
departure from the dose-response relationship were determined, rather than relying on

simple group average exposure levels.

The Children’s Amalgam Trials

The Casa Pia and New England Children’s Amalgam Trials (CATs) were an attempt to resolve
debate regarding health risks posed by the Hg exposure that arises from amalgam fillings in
children and adolescents. These clinical trials assigned participants randomly to 2 groups —
those having carious lesions restored with dental amalgam, and those having caries restored
with composite resin. Health effects investigated included neurobehavioral and

neuropsychological functions (including 1Q), renal effects, and immune function.

The New England CAT has reported on the follow up of these cohorts for a period of up to 5
years to date, whereas the Casa Pia CAT cohorts have been followed for up to 7 or 8 years
(depending on toxicological endpoint) so far. Both of these studies have identified no significant
differences in the average incidence or types of health effects or neuobehavioural deficits
between cohorts receiving dental amalgam fillings versus those receiving composite resin
fillings, with the exception of increased or altered porphyrin excretion in amalgam recipients in
the Casa Pia CAT, excretion of which is reported to diminish with time since amalgam

placement.
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The Casa Pia and New England Children’s Amalgam Trials (CATs) do nothing to resolve the
debate surrounding potential health effects associated with the Hg exposure arising from dental
amalgam fillings. The presence or absence of amalgam fillings aside, it is the difference in Hg
exposure which is at issue. Whereas occupational studies ensure that Hg exposure in the
control or referent group is significantly less than that in the exposed cohort (control groups
generally having Hg exposure 3 to 10 times less than the exposed group), the referent groups
(children receiving composite resin fillings) in both these CATs had the same (Casa Pia CAT) or
perhaps greater (New England CAT) Hg exposure, as measured by urinary Hg concentration,
when compared to the cohorts receiving amalgam fillings. Given that Hg exposure was the
same or possibly greater in the referent groups, it would have been impossible to detect any
significant differences in the types and average incidence of effects between exposed and
referent cohorts. The effects and effect levels would be the same, irrespective of the source

(amalgam or other) of the Hg® exposure.

Another maijor issue regarding interpretation of the CATs will be their relatively short duration
thus far. The USEPA considers the minimum study duration to be 7 years for consideration as
a chronic study. The New England trial has been reported for a total of only 5 years and,
therefore, cannot be considered to represent chronic exposure. The Casa Pia Trial did report
on follow ups for a total of 7 or 8 years post-recruitment (depending on endpoint considered).
However, given the known cumulative nature of Hg in the body, and particularly the brain, it
would not seem reasonable to accept just 7 or 8 years of exposure to Hg’ as sufficiently
representative of chronic exposure applicable to the average 80 year lifespan currently realized

in the US population.

The only way that these CATs may benefit the debate regarding potential health effects of Hg
exposure from amalgam will be to continue study follow up in future years, and to conduct a
thorough quantitative analysis of their dose-response relationships. In other words, to plot
health effects on an individual participant basis as a function of a Hg exposure metric that is
appropriately designed to control for confounding factors and that incorporates both exposure
level and exposure duration. To date, no such dose-response analysis has been published
from these CATs.
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Another approach may be to re-analyze the data in the same manner as reported to date by
study authors, but to post-hoc exclude all members of the referent cohorts that had measured
urine Hg concentrations exceeding 0.5 ug/g creatinine, the background level in the US
population associated with the absence of amalgam fillings. Owing to time constraints, and the
inability to access the data of these CATs within the timelines for this project, neither the former

nor latter analysis could be undertaken.

These CATSs, or at least the publications related to them, have a variety of other limitations that
further undermine their ability to contribute meaningfully to the debate surrounding potential

health effects of Hg exposure from amalgam. These include:

¢ The maximum total numbers of tooth surfaces restored with amalgam (24 for the New
England CAT; unknown for the Casa Pia CAT) was less than that observed in the
general US population.

e The vast majority of members of the New England CAT amalgam cohort received a total
of less than 15 amalgam surfaces, which is only the average observed in the US
population for children; this information is unknown for the Casa Pia study.

e Statistical power is low for dose-response analysis. Although efforts were made to
ensure a good study design, the uneven distribution of study participants across all dose
groups, and in particular the far greater abundance of participants at the low end of the
exposure range, greatly undermines statistical power. That power determines the ability
to detect significant differences between different dose groups, as well as the ability of
only a relatively few high exposed individuals to significantly influence average effect
levels for the group as a whole.

o The analytical treatment has not, to date, effectively controlled for confounders, and in
particular, the need to apply an exposure metric that incorporates both dose and
duration of exposure. The analysis of mercury in urine data from the New England CAT
clearly demonstrated that an exposure metric that integrated both exposure level
(number of amalgam surfaces) and exposure duration (years) explained greater
variability in the urine Hg data than either of dose or duration alone. This same result

will quite likely also be evident within the toxicological data.
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Porphyrin Profiles as a Toxicological Endpoint for Hg® Toxicity

Porphyrins are formed in the production of heme, with redundant excess production being
excreted via the urine. Disruption of the heme synthesis pathway results in alteration of the
concentrations and ratios (profiles) of the various porphyrins in urine. The inhibition of enzymes
within this essential synthesis pathway can be viewed, in and of itself, as a toxic effect.
Porphyrin concentrations and profiles in urine are a direct measure of inhibition of heme

pathway enzymes.

Data from the Casa Pia CAT indicate that amalgams are associated with elevated urinary
concentrations of certain porphyrins. A recent re-analysis of the Casa Pia porphoryn data
demonstrated a persistent, strong and significant dose-response relationship with alteration of

normal porphyrin profile increasing with increasing Hg exposure.

The USEPA has previously employed enzyme inhibition as a toxic endpoint, specifically with
regard to the establishment of their regulatory reference dose (RfD) for zinc. Enzyme inhibition
by zinc was employed by USEPA, with addition of appropriate uncertainty factors, to establish
their RfD for zinc of 0.3 mg/kg-day. It stands to reason, therefore, that the inhibition of heme
synthesis enzymes by Hg® exposure, as measured by porphyrin concentrations and profiles,
can be employed as another toxic endpoint for determination of an exposure level for Hg® that
should be free of anticipated impacts in the general population. Due to time constraints, this
analysis was not completed in this report, owing to insufficient time to review all relevant data
and information pertaining to porphyrin production, heme pathway enzyme inhibition, and the
defensible basis for appropriate uncertainty factors needed for the final determination of an
appropriate REL based on this endpoint. The Casa Pia CAT may provide a suitable basis for

this determination.

Recommendations for Further Research
o As part of a future NHANES survey, compile data on the specific restorative materials
used to fill tooth surfaces within the US population. At the very least, recording whether
the material used was amalgam versus some other material should be relatively simple.
This distinction is relatively easy as it can be based solely on restoration color (silver

versus other).
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The USEPA and USATSDR should immediately initiate the review of Hg® toxicology,
including all studies conducted in the past 2 decades, towards updating and revising
their RELs for Hg’. This review and update should include consideration of heme
synthesis enzyme inhibition as one of the toxic endpoints.

A post-hoc analysis should be undertaken of the statistical power offered by the Casa
Pia and New England children’s amalgam trials to quantify precisely the degree of
difference in incidence of neurological impairments that can be statistically differentiated
between higher exposure subgroups and lower exposure subgroups within the
amalgam cohorts of each study.

Quantitatively determine the impact of urinary Hg concentrations in the CAT referent
groups (those that received composite resin fillings) relative to the amalgam groups to
determine if non-amalgam sources and levels of Hg® exposure in the referent groups
negate any ability to rely on these studies as a means of demonstrating the absence of
health effects due to Hg exposure from amalgam. This could include a post-hoc re-
screening of referent group members to select only those with a urine Hg concentration
< 0.5 yg Hg/g creatinine.

Combine the New England and Casa Pia studies in a meta-analysis, thereby providing
increased statistical power for detecting differences in incidence of neurological effects
between higher dose and lower dose members of these combined cohorts.

Enhance the dose-response analysis of both (and combined) amalgam trials data on
neurological and other outcomes by better controlling for confounders and ensuring a
dose metric that reflects both exposure level and exposure duration. Data must be
presented and analyzed with respect to individual CAT participants, and not simply as
overall averages for exposed and referent cohorts.

Consider future follow up of both cohorts to increase the data available on duration of
exposure, thereby extending the exposures to more effectively represent true chronic
exposure, particularly given Hg's accumulation in the brain and other tissues over time.
Clarify the average numbers of amalgam filled tooth surfaces possessed by the different
cohort groups that should be considered as in-place for the full duration of the CAT
studies. It is apparent that members of these cohorts had varying numbers of amalgam
fillings throughout the duration of these studies. The more detailed dose response

analysis of these data recommended above could make this unnecessary, however.
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e Explicit publication of the urine Hg concentrations from the Casa Pia study, with an
analysis of the association of urine Hg concentration with amalgam load.

o Efforts should be expended to define a more appropriate reference group for future CAT
studies, the members of which are free of mercury exposure (to the limits possible), not

just free of amalgam.
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Table ES-01. Summary of Hg doses estimated for the US population with amalgam fillings

Number of filled Hg concentration
Number with fillings surfaces Dose as ug Hg/kg-day Dose as ug Hg/day (ug Hg/g creatinine) 3
NHANES us

2001-04 populaton' Mean? Min Max Mean? Min Max Mean? Min Max Min Max
Scenario 1 Toddlers 94 740,404 14.6 1 72 0.15 0.02 0.54 2.53 0.18 9.87 0.58 6.76
All  restored Children 1181 12,806,364 9 1 72 0.11 0.01 045 3.72 0.27 229 0.58 6.48
tooth Adolescents 2059 17,671,696 71 1 84 0.09 0.01 0.37 5.79 049 33.53 0.56 6.13
surfaces Adults 4454 120,199,880  20.2 1 128 0.16 0.01 049 1298 044 58.79 0.56 8.82

assumed to
be amalgam  Seniors 2031 29,711,241 32.9 1 109 0.22 0.01 0.5 16.87 0.46 55.39 0.57 5.81
Scenario 2 Toddlers 87 667,166 7.8 1 36 0.1 0.01 0.37 1.63 0.18 6.51 0.58 3.38
Same as Children 1109 11,987,269 5.4 1 32 0.08 0.01 0.31 2.71 0.23 229 0.58 3.15
Scenario 1, Adolescents 2038 17,561,152 6.7 1 47 0.08 0.01 0.37 5.53 049 3217 0.56 415
but 5 surface Adults 4402 120,298,407 13.2 1 72 0.12 0.01 0.39 10.11 0.44 456 0.56 4.82

fillings

excluded Seniors 1972 28,902,381 14.9 1 67 0.13 0.01 0.39 10.43 0.46 39.55 0.56 4.62
Scenario 3  Toddlers 84 625,582 4 1 18 0.05 0.01 0.19 0.83 0.18 3.25 0.58 1.94
Same as Children 1025 11,064,670 2.8 1 16 0.04 0.01 0.15 1.37 0.23 1145 0.58 1.83
Scenario 2, Adolescents 1898 16,362,871 3.4 1 23 0.04 0.01 0.18 2.8 044 1522 0.56 2.33
but only 50%  Adults 4315 118,460,911 6.5 1 36 0.06 0.01 0.19 4.94 0.43 22.31 0.56 2.66

of surfaces
as amalgam  Seniors 1940 28,583,321 7.3 1 33 0.07 0.01 0.19 5.11 0.39 19.77 0.56 2.78
Scenario4  Toddlers 57 379,004 4.4 1 16 0.06 0.01 0.19 0.95 0.2 3.25 0.58 1.89
Same as Children 714 7,714,637 2.7 1 16 0.04 0.01 0.15 1.37 024 822 0.58 1.83
Scenario 3, Adolescents 1341 11,289,979 3.3 1 23 0.04 0.01 0.18 2.77 044 1514 0.56 2.33
but 30% with  Adults 3003 82,524,655 6.6 1 31 0.06 0.01 0.19 5.05 0.43 22.31 0.56 2.54
no amalgam  Seniors 1387 20,403,213 7.3 1 33 0.07 0.01 0.19 5.11 0.39 19.77 0.56 2.78

1. Determined from the statistical weighting provided by NCHS for NHANES.

2. Derived as the weighted US population mean, not the mean of NHANES participants.

3. Urine Hg concentration = Background urine Hg concentration + (number of amalgam surfaces X incremental increase in urine Hg concentration per amalgam
surface) (see Methods). Background urine Hg concentration set equal to 0.5 ug Hg/g creatinine, consistent with Dye et al (2005) for women of child-bearing age
with no amalgam fillings in the US population.
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Table ES-2. Proportion and numbers of US citizens with amalgam fillings that exceed doses associated with published reference
exposure levels for Hg

0 (1)

Total population N

TODDLERS CHILDREN | TEENS ADULTS SENIORS > REL
Scenario 1 Total population with fillings 740,404 12,806,364 17,671,696 120,199,880 | 29,711,241 181,129,584
All restored surfaces | % > CalEPA REL 100 100 100 100 100 181,129,584
assumed to be | % > Richardson et al REL 100 100 99.4 99.5 99.7 180,400,644
amalgam % > Lettmeier et al REL 100 100 99.0 99.0 99.5 179,613,884
% > US ATSDR REL 84.3 81.5 74.3 92.0 95.4 163,078,979
% > US EPA REL 74.6 68.8 62.5 87.1 92.3 152,539,776
Scenario 2 Total population with fillings 667,166 11,987,269 17,561,152 120,298,407 | 28,902,381 179,416,376
Same as Scenario 1, | % > CalEPA REL 100 100 100 100 100 179,416,376
but 5 surface fillings | % > Richardson et al REL 100 100 99.3 99.5 99.4 178,500,660
excluded % > Lettmeier et al REL 100 100 98.9 98.9 98.9 177,551,107
% > US ATSDR REL 72.2 77.4 73.0 90.1 91.4 157,330,552
% > US EPA REL 60.7 61.6 60.3 84.1 84.8 144,115,315
Scenario 3 Total population with fillings 625,582 11,064,670 16,362,871 118,460,911 28,583,321 175,097,356
Same as Scenario 2, | % > CalEPA REL 100 100 100 100 100 175,097,356
but only 50% of filled | % > Richardson et al REL 100 100 97.6 97.7 97.7 171,253,842
surfaces as amalgam | % > Lettmeier et al REL 100 99.8 95.7 95.6 96.0 168,068,173
% > US ATSDR REL 48.6 50.0 50.5 74.7 77.6 124,708,512
% > US EPA REL 371 29.6 31.7 58.0 62.1 95,120,044
Scenario 4 Total population with fillings 379,004 7,714,637 11,289,979 82,524,655 | 20,403,213 122,311,488
Same as Scenario 3, | % > CalEPA REL 100 100 100 100 100 122,311,488
but 30% with no | % > Richardson et al REL 100 100 97.2 98.0 97.9 119,908,745
amalgam % > Lettmeier et al REL 100 99.7 95.3 96.2 96.0 117,784,675
% > US ATSDR REL 60.0 48.8 49.4 75.7 77.3 87,852,641
% > US EPA REL 45.2 29.2 30.8 59.0 61.9 67,220,662

1. REL-equivalent doses derived as: Dose (ug/kg-day) = REL (ug Hg"/m°) X 15.85 m® inhaled/day X 80% Hg’ absorbed + 80 kg average
adult body weight.
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Table ES-3. Numbers of amalgam-filled surfaces that will not exceed doses associated with
published reference exposure levels (RELs) for Hg®.

Age arou REL source REL REL-associated No. of surfaces not
ge group (Mg Hg/m®)  dose (ug/kg-d) ' | exceeding REL dose 2
Toddlers, California EPA (2008) 0.03 0.005 0.6
children & | Richardson et al (2009) 0.06 0.01 1.3
young teens Lettmeier et al (2010) 0.07 0.011 1.4
US ATSDR (1999) 0.2 0.032 4
USEPA (1995) 0.3 0.048 6
Older teens, | California EPA (2008) 0.03 0.005 0.8
adults & | Richardson et al (2009) 0.06 0.01 1.7
seniors Lettmeier et al (2010) 0.07 0.011 1.8
USATSDR (1999) 0.2 0.032 5.3
USEPA (1995) 0.3 0.048 8

1. REL-associated doses derived as per footnote to Table ES-2.
2. Calculations employed non-conservative assumptions; alternate possible values would predict
fewer numbers of fillings.

Table ES-4: Predicted cord blood Hg concentrations versus number of maternal amalgam-filled
teeth.

Number of maternal amalgam Estimated maternal blood Hg Estimated cord blood
filled teeth concentration (based on concentration
Oskarsson et al. (1996)
1 0.99 1.01
2 1.14 1.20
5 1.59 1.46
10 2.34 2.03
20 3.84 3.16
23" 4.29 3.50
6.3" 1.79 1.61

1. for US female population aged 16-49 yrs from NHANES 2001-2004; omits 5-surface fillings.
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1 INTRODUCTION

The Environment Division of SNC-Lavalin Inc. (SNC-Lavalin Environment, or SLE) was funded
to undertake an updated assessment of exposures and risks posed by mercury (Hg) exposure
from dental amalgam, specific to the US general population. Funding for this project was
provided by corporate foundations, including the Parker Hannifin Foundation, Cleveland, OH.

Contract management on behalf of funding foundations was provided by the International

Academy of Oral Medicine and Toxicology (IAOMT), ChampionsGate, FL.

This project was divided into two parts. Part 1 quantifies US population exposure from dental
amalgam, examines and discusses fetal exposure due to in utero exposure, discusses infant
exposure through consumption of mercury-contaminated breast milk, critically reviews currently
published reference exposure levels for mercury vapour which are designed to protect public
health, and critically reviews recent clinical trials that compared health effects in children and

adolescents receiving amalgam fillings versus those receiving composite resin.

Part 2 presents a critical review of concomitant exposure to mercury from amalgam, methyl
mercury from fish consumption and exposure to environmental lead. An analysis is presented
of the need to consider these exposures as additive, less than additive (antagonistic) or more
than additive (synergistic) during the conduct of population risk assessments from simultaneous

exposure to these three common contaminants.

1.1 Background

For the general population, on average, dental amalgam is the most significant single source of
mercury (Hg) exposure, compared to food (including fish), indoor and outdoor air, drinking water
and soil (Health Canada 1996; WHO 1991).

To date, at least 13 assessments quantifying Hg exposure from dental amalgam have been

published, determining Hg dose rather than simply reporting Hg concentrations in urine or other

bodily fluids or tissues. These were summarized by Richardson (2003) and are depicted in
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Figure 1. More recently, a series of studies have reported urinary Hg concentrations (variably
corrected or uncorrected for urine creatinine content) as a function of amalgam filling load’
(Barregard et al. 2008; Dunn et al. 2008; Melchart et al. 2008; Woods et al. 2007; Bellinger et al.
2006; Dye et al. 2005; Factor-Litvak et al. 2003; Pesch et al. 2002; Kingman et al. 1998; among
others). In these studies, as with earlier studies reviewed by Richardson and Allan (1996; see
also Health Canada 1995), the average urine Hg content is consistently greater in groups with
amalgam fillings than in those without, and urine Hg content consistently increases as amalgam
load increases. Numerous studies have also demonstrated that the Hg exposure or
concentration increases with increasing amalgam load in the following tissues and situations:
e Due to chewing, brushing and bruxism (Hansen et al. 2004; Ganss et al. 2000; Isacsson
et al. 1997; Sallsten et al. 1996; Berdouses et al. 1995; Bjorkman and Lind, 1992;
Forsten 1989; Vimy and Lorscheider 1985a,b; Berglund 1990; Svare et al. 1981; Gay et
al. 1979);
e In exhaled or intra-oral air of persons with amalgam fillings (Halbach and Welzl, 2004;
Skare and Engqvist 1994; Gay et al. 1979; Svare et al., 1981; Patterson et al. 1985;Vimy
and Lorscheider, 1985a,b; Berglund et al. 1988; Jokstad et al. 1992);
¢ In saliva of persons with amalgam fillings (Fakour et al. 2010; Melchart et al. 2008;
Zimmer et al. 2002; Ganss et al. 2000; Pizzichini et al. 2000; Bjorkman et al. 1997;
Berglund 1990);
¢ In blood of persons with amalgam fillings (Gerhardsson and Lundh, 2010; Halbach et al.
2008; Melchart et al. 2008; Lindberg et al. 2004; Pizzichini et al. 2003; Ganss et al.
2000; Vahter et al. 2000; Kingman et al. 1998; Oskarsson et al. 1996; Skare and
Engqvist 1994; Akesson et al. 1991; Abraham et al. 1984; Snapp et al. 1989; Molin et al.
1990; Jokstad et al. 1992; Svensson et al. 1992; Herrstrom et al. 1994);
¢ In various organs and tissues of amalgam bearers, including the kidney, pituitary gland,
liver, and brain or parts thereof, (Barregard et al. 2010; Bjorkman et al. 2007; Guzzi et al.
2006; Barregard et al. 1999; Weiner and Nylander 1993; Nylander et al. 1989: Nylander

! Amalgam filling load variably reported as numbers of amalgam-filled teeth, total numbers of amalgam-
filled surfaces, numbers of amalgam-filled occlusal surfaces, surface area of total or occlusal surfaces
filled with amalgam.
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et al. 1987; Eggleston and Nylander 1987);

e In feces of amalgam bearers (Engqvist et al. 1998; Bjorkman et al. 1997; Skare and
Engqvist 1994);

¢ In amniotic fluid, cord blood, placenta, and various fetal tissues including liver, kidney
and brain, in association with maternal amalgam load (Palkovicova et al. 2008;
Ursinyova et al. 2006; Luglie et al. 2005; Ask-Bjornberg et al. 2003; Lindow et al. 2003;
Ask et al. 2002; Vahter et al. 2000; Lutz et al. 1996; Drasch et al. 1994);

¢ In colostrum and breast milk in association with maternal amalgam load (Ursinyova et al.
2006; Ask-Bjornberg et al. 2005; Da Costa et al. 2005; Drexler and Schaller, 1998;
Drasch et al. 1998; Oskarsson et al. 1996).

Amalgam fillings are sufficiently significant to personal Hg exposure that the influence of
amalgam load on blood and urine Hg concentration can be detected despite moderate
occupational Hg exposure, that results in up to about 10 ug Hg/L (Skare et al. 1990; Martin et al.
1995; Soleo et al. 1998a; Jokstad 1990). Increased Hg exposure in amalgam bearers has even
been reported to result from magnetic resonance imaging and cellular telephone use (Mortazavi
et al., 2008).

Methyl Hg has also been detected in the oral cavity at higher levels in amalgam bearers than
those with no amalgams (Liang and Brooks 1995; Sellars et al. 1996; Leistevuo et al. 2001).
The methylation of Hg by oral and intestinal microflora has been demonstrated in vitro (Heintze
et al. 1983; Rowland et al. 1975; Yannai et al. 1991).
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Figure 1. Summary of published exposure assessments of Hg® from dental amalgam fillings
(after Richardson, 2003).
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Perhaps the most quantitative assessment of Hg exposure from dental amalgam was prepared
for the Canadian Federal Department of Health (Health Canada, 1995; see also Richardson and
Allan, 1996). That investigation was initiated in 1994 at the request of the Medical Devices
Bureau of Health Canada. That assessment combined data on the frequency of filled teeth in
the Canadian population, and specific Canadian data on body weight and other required
information to assess exposure in Canadians as young as 3 years of age who were recorded as
possessing fillings, up to the elderly that included individuals >90 years of age. The frequency
of filled teeth in the various individuals for whom data were available ranged from 1 filled tooth
(those with no filled teeth were not considered part of the exposed subpopulation) up to 25 filled
teeth. Based on the analysis presented in the Health Canada Report, it was possible to quantify
the proportion of the Canadian population that exceeded the level of exposure (dose)
associated with a toxicologically-based reference exposure level (REL). Also, the analysis
contained in that report permitted the determination of the numbers of amalgam-filled teeth that
could be toxicologically ‘acceptable’ or ‘tolerable’; the number of filled teeth that would not lead

to exceeding the specified REL.

To date, no population-based assessment of Hg exposure from dental amalgam specific to the
US general population has been undertaken. The quantification of Hg dose associated with
dental amalgam is required to complete a proper risk assessment. Determining the amalgam-
associated dose can be directly compared to the dose associated with regulatory reference
exposure levels (RELs) prescribed for the protection of the health of the general population.
Such RELs are published by the USEPA (1995), the USATDSR (1999), the California EPA

(2008), and others; these RELs are discussed in greater detail later in this report.
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Dye et al (2005) provided a statistical analysis of the association between estimated ? numbers
of amalgam filled tooth surfaces and urinary Hg concentrations for US women aged 16 to 49
years. However, no dose conversions/calculations were provided to permit comparison to
regulatory reference exposure levels. Lacking a reference urinary Hg concentration considered
‘safe’ for the general population 3, the analysis provided by Dye et al (2005) is of limited use for

risk assessment purposes.

The Health Canada (1995) report remains the single most quantitative assessment of Hg
exposure from dental amalgam published to date. However, that report presents certain
limitations with respect to its application and relevance to the US population. Those limitations
include:

o The data employed within the Health Canada report were collected from the Canadian
general population. Dental care systems (social versus private dental programs and the
relative coverage of the population by dental care insurance, for examples) may be
sufficiently different that the Canadian statistics are not directly applicable to the US
population.

. The data on frequency of filled teeth within the Canadian population were collected as part
of a Canadian population health survey (the Nutrition Canada Survey) conducted from
1970-72. These data are now some 40 years old and may not represent current dental
health statistics, in Canada or the US.

. Body weight data, required to standardize exposure estimates in units of dose per unit
weight (typically micrograms per kilogram of body weight), were likewise collected

between 1970 and 1972. Population trends in body weight over the intervening 40 years

% Dye et al (2005) based their analysis on data compiled by the National Health and Nutrition Examination
Survey (NHANES) of 1999-2000 (data available at http://www.cdc.gov/nchs/nhanes.htm); NHANES does
not report the composition of dental restorations, only the presence/absence of such restorations. Dye et
al assumed all dental restorations, except for 5-sided restorations, were composed of amalgam.

® The American Conference of Governmental Industrial Hygienists (ACGIH) has published a Biological
Exposure Index (BEI) of 35 pg/g creatinine; this is a reference level for occupational exposures and is not
relevant to 