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Abstract

Objectives: Dental amalgam (50 % mercury (Hg) by weight)
is a commonly used material to restore a tooth damaged by
decay. In recent years, amalgam safety has become a matter
of ongoing controversy. This hypothesis-testing epidemio-
logical study evaluated the relationship between blood Hg
concentrations and amalgams in American adults.
Methods: Examination of the 2015–2016 National Health
and Nutrition Examination Survey (NHANES) was under-
taken using SAS, version 9.4 (Cary, NC, USA), survey regres-
sion statistical modeling (with adjustments for covariates). A
total of 180,811,187 weighted-Americans (n=1,377) between
the ages of 18–70 years-old, with known: dental filing surface
status; urinary Hg concentrations; total and bloodHg species
(inorganic and methyl-Hg) concentrations; bodyweight; and
urine flow rates were examined.
Results: Significant increases were found in the blood
concentrations of total and inorganic Hg, when comparing
adults exposed to amalgams as compared to adults not
exposed to amalgams. Amalgam surfaces significantly
correlated with blood inorganic Hg concentrations, and
estimated daily Hg vapor doses from amalgams significantly
correlated with blood total and inorganic Hg concentrations.
This study supports the importance of blood as an important
transport avenue for Hg,which is dose-dependently released
by amalgams, to accumulate in tissues and cells throughout
the body.
Conclusions: Persons with amalgams, desiring to lower
their blood Hg concentrations, should consult with a dentist
trained and certified in safe amalgam removal. Also, phar-
maceutical treatments to reduce/render non-toxic the blood
Hg concentrations from amalgams should be considered.
Efforts should be made to reduce/eliminate the continued
use of amalgams.

Keywords: amalgam; blood; filling; mercury

Introduction

Teeth damaged by decay or other issues are restored to
appropriate structure and function by dental fillings. Dental
fillings are placed on up to five different tooth surfaces [1].
Dental amalgam is a commonly used material to restore a
tooth damaged by decay. Amalgams are composed of about
50 % mercury (Hg) by weight and contain several other
metals, including silver, tin, copper, and zinc. Amalgams have
been used in American dentistry for more than 150 years, but
their use has been associated with ongoing controversy [2].
The United States (US) Food and Drug Administration (FDA)
released a statement in 2020, reporting that there is a dose-
dependent relationship between the number of amalgam
fillings and Hg vapor exposure and that certain patients may
experience adverse effects from Hg vapor exposure [3].

In this context, previous studies were undertaken to
assess Hg vapor exposure from amalgams in the US popu-
lation, based upon examination of National Health and
Nutrition Examination Survey (NHANES) data [3, 4].
NHANES data revealed amalgams were detected in ∼58 % of
adults and ∼36 % of pregnant women. Significant correla-
tions were detected between the number of amalgam sur-
faces and urinary Hg concentrations. Based upon these
correlations, toxicokinetic modeling was employed to esti-
mate daily Hg vapor doses from amalgams. Overall, it was
estimated 10.4 % (∼16 million) of adults and 28 % (∼600,000)
of pregnant women received daily Hg vapor doses from
amalgams in excess of the US Environmental Protection
Agency (EPA) Hg vapor safety limit (0.048 micrograms (μg)
Hg/kilogram (kg)/day). The US EPA Hg vapor safety limit is
the least restrictive as compared to other Hg vapor safety
limits. For example, the Hg vapor safety limit established by
the state of California EPA (0.005 μg Hg/kg/day) is ∼10-fold
lower than the US EPA Hg vapor safety limit [3, 4].

In light of these previous NHANES studies revealing a
significant correlation between the number of amalgams and
urinary Hg concentrations, an important new question to
examine is the mechanism by which Hg vapor from amal-
gams transverses the human body. It was hypothesized that
blood provides a significant avenue for Hg vapor released
from amalgams to transverse the human body.
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The purpose of the present hypothesis-testing epidemi-
ological study of NHANES data was to examine the rela-
tionship between amalgams and blood speciated Hg
(including: total Hg, inorganic Hg, and methyl-Hg) concen-
trations, as shown in Figure 1. The aims of this study were to
examine the relationship between: (1) blood Hg concentra-
tions among thosewith/without amalgams; (2) the number of
amalgam surfaces and blood Hg concentrations; and (3)
estimated daily Hg vapor doses from amalgams per kg
bodyweight and blood Hg concentrations among American
adults.

Materials and methods

National health and nutrition examination
survey (NHANES)

NHANES data was examined using the Statistical Analysis
System (SAS) for Windows, Version 9.4 (Cary, NC, USA).
NHANES data collected from 2015 to 2016 were integrated to
examine demographic survey questions, oral health exami-
nations, clinical measurements, and lab test results.
NHANES data can be accessed at: https://wwwn.cdc.gov/
nchs/nhanes/Default.aspx.

NHANES data collection methods were approved by the
National Center for Health Statistics (NCHS) Research Ethics
Review Board (ERB) (Protocol#2011-17). Each study subject
provided informed consent to participate in the NHANES
program. The health information collected in the NHANES
program is kept in strictest confidence, and is only used for
stated purposes.

Study participants

Figure 2 shows a schematic flowchart documenting the se-
lection criteria utilized to assemble the group of adults
examined in the NHANES data. An overall population of 316,
481, 044 weighted-persons with known gender (male or fe-
male), age in years at examination, race (non-Hispanic
White, non-Hispanic Black, non-Hispanic Asian, Hispanic, or
other – including multi-racial), and country of birth (born in
the US or born outside of the US) was examined. The overall
populationwas reduced by including only those from the age
of 18–70 years-old with known dental filling surface status.
Still further reductions in the number of persons examined
occurred by only including those with known urinary Hg
concentrations, total and blood Hg species (inorganic and
methyl-Hg) concentrations, bodyweight, and urine flow
rates (weighted n=180,811,187, n=1,377).

The weighted number of persons was derived by
applying the subsample A weight to each person examined
in this study. The subsample A weight was created by the
NHANES program and assigned because urinary Hg levels
were only measured from a one-third subsample of
NHANES participants 6 years-old or older. The subsample A
weight is ameasure of the number of persons in the general
population that a sampled individual represents and is
needed to obtain unbiased estimates of population
parameters when sample participants are chosen with
unequal probabilities.

Dental filling surfaces

The coronal carries assessment was conducted on each
person by dental examiners, whowere dentists licensed in at
least one US state, and were examined in the NHANES oral
health – dentition dataset. For those persons with filled
surfaces, the restoration type of thefilled surfaced (amalgam
or other) was specified. The total number of dental amalgam
filling surfaces or other dental filling surfaces was computed
for each person examined. The persons examined were
divided into two groups based upon amalgam status:
amalgam exposed (≥1 amalgam surface) and amalgam un-
exposed (0 amalgam surfaces).

Daily Hg vapor exposure from amalgams

Inductively coupled plasma mass spectrometry (ICP-MS)
was used to measure urinary Hg excretion in random spot
urine samples. Urinary Hg excretion was determined as µg
Hg/liter (L) of urine. The integration of urinary Hg

Figure 1: A summary of the relationship between Hg vapor released
from amalgams and blood Hg concentrations investigated in this study.
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concentrations, urine flow rates, number of amalgams,
bodyweight measurements (using previously described
toxicokineticmodeling procedures)were utilized to estimate
the daily Hg vapor exposure from amalgams per kg body-
weight for each person examined [3–5].

Blood heavy metal concentrations

ICP-MS, after a simple dilution sample preparation step, was
used to measure blood total Hg concentrations (µg Hg/L
blood) and blood total lead (Pb) concentrations (µg Pb/deci-
liter (dL) blood). Blood total Pb concentrations were exam-
ined as a control measurement – selected a priori to have no
correlation with amalgam exposure status.

Quantification of blood inorganic Hg (µg inorganic Hg/
L blood) and methyl-Hg (µg methyl-Hg/L blood) concen-
trations were determined by using a triple spike isotope
dilution (TSID) method employing gas chromatography
(GC) to separate the species followed by introduction into
an inductively coupled plasma-dynamic reaction cell-mass
spectrometry (ICP-DRC-MS) for detection. TSID is a
specialized extension of the Isotope Dilution (ID) technique
and provides measures of blood inorganic Hg and methyl-
Hg concentrations in samples using ID principles. The lab
methods utilized tomeasure all bloodmetal concentrations
examined in this study remained consistent for the
2015–2016 NHANES.

Statistical analyses

The statistical package in SAS was used in all statistical
analyses. A two-sided p-value <0.05 was considered statisti-
cally significant. Statistical power calculations revealed that
the number of persons examined was sufficient provide
adequate statistical power for the analyses undertaken in
this study.

The collection of NHANES survey data involves a com-
plex, stratified, multistage probability cluster sampling
design. SAS contains specific statistical modeling procedures
designed to appropriately analyze NHANES survey data, and
they were employed in this study. This study employed the
survey regression modeling procedure in SAS. This proced-
ure can handle complex survey sample designs, including
designs with stratification, clustering, and unequal weight-
ing. The procedure fits linear models for survey data and
computes regression coefficients and their variance-
covariance matrix. It also provides significance tests for
themodel effects and for specified estimable linear functions
of the model parameters.

The survey regression modeling procedure in SAS uses
elementwise regression to compute the regression coeffi-
cient estimators by generalized least squares estimation. The
procedure assumes that the regression coefficients are the
same across strata and primary sampling units. To estimate
the variance-covariance matrix for regression coefficients,
this procedure uses either the Taylor series (linearization)

Figure 2: A flowchart of the data examined in
this study.
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method or replication (resampling) methods to estimate
sampling errors of estimators, based on complex sample
designs.

The null hypothesis for the statistical tests employed
was that there would be: (1) no differences in the parame-
ters examined in the amalgam exposed and amalgam un-
exposed groups; (2) no correlations between the number of
amalgam surfaces and blood Hg (or Pb) concentrations;
(3) no correlations between estimate daily Hg vapor expo-
sure from amalgams per kg bodyweight and blood Hg (or
Pb) concentrations.

Survey regression models utilized in this study were
constructed without (Model I) and with adjustment for
covariates (Model II). For the adjusted survey regression
models (regression models require continuous variables),
the categorical variables of race and country of birth were
converted to continuous variables as follows: race (Hispan-
ic=1, non-Hispanic white=2, non-Hispanic black=3, non-
Hispanic Asian=4, and other – including multi-racial=5),
and country of birth (born in the US=1 and born outside of
the US=2). The variables of total amalgam surfaces, body
mass index, and age in years were examined as continuous
variables. In addition, for all the constructed survey
regression models, the variables for stratum (NHANES var-
iable: sdmvstra), cluster (NHANES variable: sdmvpsu), and
weight (NHANES variable: subsample A weight) were
employed.

Results

Table 1 summarizes the demographic characteristics of the
180, 811, 187 adults examined. Overall, a majority of the
adults examined were members of the amalgam exposed
group (60.94 %) as compared to the amalgam unexposed
group (39.06 %). The gender and racial distributions, as well
as the mean daily urine amounts, were similar in the
amalgam exposed and unexposed groups. Adults in the
amalgam exposed group were significantly older, more
likely to have been born in the US, and heavier than those
adults in the unexposed group.

Table 2 examines blood Hg and Pb concentrations in the
amalgam exposed group as compared to the amalgam un-
exposed group. Significant increases in the means for the
number of amalgam surfaces, other surfaces, and daily
amalgam Hg vapor dose were detected between the exposed
and unexposed groups. In addition, the mean blood con-
centrations of total Hg (1.34-fold), inorganic Hg (1.33-fold),
and methyl-Hg (1.26-fold) were significantly increased when
comparing the amalgam exposed to the unexposed group. By

contrast, no difference in the mean blood concentration of
Pb was observed between the groups.

Correlations between the number of amalgam sur-
faces and blood Hg and Pb concentrations are presented in
Table 3. In models I and II, a highly significant correlation
between the number of amalgam surfaces and blood
inorganic Hg concentrations was detected (standardized
estimates=0.28–0.29), whereas a trend toward a signifi-
cant correlation between the number of amalgam sur-
faces and blood total Hg concentrations was identified.
No significant correlations were observed between the
number of amalgam surfaces and blood methyl-Hg or Pb
concentrations.

Table 4 displays the correlation between daily Hg va-
por dose from amalgams per kg bodyweight and blood Hg
and Pb concentrations. Similar to observations in Table 3,
Models I and II revealed a highly significant correlation
between daily Hg vapor dose from amalgams per kg
bodyweight and blood inorganic Hg concentrations (stan-
dardized estimates=0.30), but unlike Table 3, a significant
correlation between daily Hg vapor dose from amalgams
per kg bodyweight and blood total Hg concentrations
(standardized estimates=0.17) was observed. Model II also
revealed a trend toward a significant correlation between
daily Hg vapor dose from amalgams per kg bodyweight and
blood total methyl-Hg concentrations. Consistent with
Table 3, no correlations were observed between daily Hg
vapor dose from amalgams per kg bodyweight and blood
total Pb concentrations.

Discussion

The results of the present study provide important new data
supporting the hypothesis that blood is an important avenue
for the distribution of Hg vapor from amalgams across the
human body. This study revealed that there were significant
increases in the blood concentrations of total and inorganic
Hg when comparing adults exposed to amalgams as
compared to adults not exposed to amalgams. A significant
correlation was observed between the number of amalgam
surfaces and blood inorganic Hg concentrations. Also, a
significant correlation was found between estimated daily
Hg vapor doses from amalgams per kg bodyweight with
blood total Hg and blood inorganic Hg concentrations. The
aforementioned associations remained significant in unad-
justed and adjusted (for the covariates of age, bodyweight,
urine volume, ethnicity, gender, and country of birth) sta-
tistical models.

The results observed in this study are consistent with
several previous studies examining the relationship
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between blood Hg concentrations and amalgams in adults
[6–10]. For example, investigators observed significant as-
sociations between the placement of amalgams and acute
changes in biological samples, including blood Hg concen-
trations [6]. Other investigators examined long-term
changes in blood speciated Hg concentrations following
amalgam removal [7]. These investigators observed a sig-
nificant correlation between the number of amalgam filling
surfaces and blood inorganic Hg concentrations, and a sig-
nificant long-term decrease in blood inorganic Hg concen-
trations following removal of amalgams. Another study
revealed blood Hg concentrations significantly correlated
with the number and surface area of amalgams, and that
blood Hg concentrations were significantly lower among
those without amalgams as compared to those with amal-
gams [8]. As another example, a study was undertaken
among US military personnel to determine the relationship
between amalgams and blood Hg concentrations [9]. These
investigators observed a significant association between the
number of amalgam surfaces and blood Hg concentrations.
Finally, a study of trace elements in the blood, plasma and
erythrocytes of adult Slovenians revealed significant corre-
lations between the number of amalgams and the concen-
trations of Hg in the blood and plasma [10].

The present study is differentiated from all these pre-
vious studies in several important aspects. First, small
samples and/or non-diverse study subjects were examined.
As a result, the applicability of their findings to larger and
more diverse populations remains unknown. Second, no
measurements of daily Hg vapor doses from amalgams per
kg bodyweight were studied in any previous study. As a
consequence, there is an unknown degree of imprecision
regarding the dose of Hg vapor each study subject received.
Third, unlike all previous studies, statistical methods were
used to evaluate the data examinedwithout consideration of
the potential important impact of covariates on the results
observed.

Another important consideration regarding the pre-
sent study was the relationship observed between esti-
mated daily doses of Hg vapor from amalgams and bloodHg
concentrations. The present study utilized previously well
described toxicokinetic modeling procedures to estimate
daily Hg vapor dose from amalgams [3–5]. An important
support of the validity of the toxicokinetic modeling pro-
cedures used is that significant correlations were observed
between estimated daily Hg vapor doses from amalgams
and blood Hg concentrations (i.e., if these relationships
were not observed, it would suggest that there might be a

Table : Demographic characteristics of the adults examined.

Parameter examined Amalgam exposed group (weighted
n=,,)

(unweighted n=)

Amalgam unexposed group (weighted
n=,,)

(unweighted n=)

t-Value p-Value

Age, years
Mean ± std . ± . . ± . . <.
(range) (–) (–)
Gender, n (%)
Males ,, (.%) ,, (.%) . .
Females ,, (.%) ,, (.%)

Race, n (%)
Non-Hispanic white ,, (.%) ,, (.%) −. .
Non-Hispanic black ,, (.%) ,, (.%)
Hispanic ,, (.%) ,, (.%)
Non-Hispanic Asian ,, (.%) ,, (.%)
Other – including multi-racial ,, (.%) ,, (.%)

Country of birth, n (%)
Born in the US ,, (.%) ,, (.%) −. .
Born outside US ,, (.%) ,, (.%)

Bodyweight, kg
Mean ± std . ± . . ± . . .
(range) (.–.) (.–.)
Daily urine amount, L
Mean ± std . ± . . ± . −. .
(range) (.–.) (.–)

Survey regression modeling was used to compare the differences between the amalgams exposed and amalgam unexposed groups. kg, kilogram; L, liter;
US, United States; std, standard deviation.
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problem with the toxicokientic modeling procedures). The
results of this study also revealed blood Hg concentrations
were even more sensitively correlated with estimated Hg
vapor doses from amalgams than with the number of
amalgam filling surfaces. All told, the observations from this
study suggest that utilization of toxicokinetic modeling pro-
cedures to estimate Hg vapor from amalgams is an important
additional means to assess ongoing Hg exposures from
amalgams.

The results observed in this study are biologically
plausible as to the importance of blood as an important
transport avenue for Hg dose-dependently released by

amalgams. It is known that Hg vapor is readily absorbed in
the lungs (80 % absorption percentage) and quickly diffused
into the blood and distributed into all body organs [11]. Since
Hg vapor is in an uncharged monoatomic form of Hg
(although it is rapidly oxidized), it is highly diffusible and
lipid soluble, with the ability to cross the blood-brain barrier
and blood-placenta barrier as well as the lipid bilayers of
cellular and intracellular organellar membranes. Once
inside tissues and cells, it can be oxidized and restricts the
body’s ability to excrete it and potentially result in tissue-
specific toxicity [12].

Unfortunately, given the aforementioned consider-
ations, it means that blood Hg concentrations do not provide
a means to determine the actual Hg concentrations present
in tissues. This was demonstrated in a previous autopsy
study where blood Hg concentrations did not significantly
correlate with Hg concentrations in various tissues, but the
number of amalgams did [13]. Thus, while the blood Hg
concentrations associated with amalgams are relatively low
as compared to those observed in acute Hg vapor poisoning
[14], long-term exposure to Hg vapor from amalgams is of
considerable concern [15, 16].

The importance of blood in the distribution of Hg vapor
from amalgams may offer a means to target therapies that
will reduce the accumulation/toxicity of Hg in tissues by
binding and/or rendering it non-toxic in the blood. Tradi-
tionally, these have involved the use of sulfur-based
chelating agents such as Dimercaptosuccinic acid (DMSA)
or dimercapto-propanesulfonic acid (DMPS), but there
may drawbacks associated with their clinical use [17]. A
different option to explore may be new compounds such as,
N,N’bis-(2-mercaptoethyl) isophthalamide (NBMI). NBMI is a
lipophilic chelating agent that tightly/irreversibly binds Hg.
A recent clinical trial demonstrated that NBMI dose-
dependently significantly reduced plasma and urinary Hg
concentration among gold miners with elevated urinary Hg
concentrations [18].

Strength/limitations

In reviewing the results of the present study, it is important
to consider its potential strengths and limitations.

An important potential strength of the present study is
the NHANES data examined. NHANES is a unique source of
data [19]. It is the only national health survey that includes
health exams, laboratory tests, and dietary interviews for
participants of all ages. The US Centers for Disease Control
and Prevention (CDC) describe that NHANES data can help
improve the health of Americans and its use has driven
changes in how physicians treat patients and how public

Table : Amalgam exposure and blood concentrations of Hg and Pb
among the persons examined.

Parameter
examined

Amalgam
exposed group

Amalgam
unexposed

group

t-Value p-Value

Amalgam status
≥ amalgam
surface

,,
(%)

 (%) – –

 amalgam
surfaces

 (%) ,,
(%)

Number of
amalgam surfaces
Mean ± std . ± .  . <.
(range) (–)
Number of other
surfaces
Mean ± std . ± . . ± . . .
(range) (–) (–)
Daily amalgam Hg
vapor dose (µg
hg/kg bodyweight)
Mean ± std . ± .  . <.
(range) (.–.)
Blood total µg Hg/L
Mean ± std . ± . . ± . . <.
(range) (.–.) (.–.)
Blood inorganic
Hg µg/L
Mean ± std . ± . . ± . . <.
(range) (.–.) (.–.)
Blood µg
methyl-Hg/L
Mean ± std . ± . . ± . . .
(range) (.–.) (.–.)
Blood μg Pb/dL
Mean ± std . ± . . ± . −. .
(range) (.–.) (.–.)

Survey regression modeling with adjustments for the covariates of age,
bodyweight, urine volume, ethnicity, gender, and country of birth was used
to compare the differences between the amalgams exposed and amalgam
unexposed groups. dL, deciliter; kg, kilogram; Pb, lead; L, liter; Hg, mercury;
μg, microgram; std, standard deviation.
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policy supports good health. Each year, the NHANES pro-
gram collects data on about 5,000 adults and children in
communities across the US. The NHANES sample population
is selected by a random, scientific process to ensure the
group of people examined can accurately represent the
health and nutritional status of the US general population.

A further potential strength of this study was the study
design employed. First, the data were collected indepen-
dently of the study design in the present study. As such,
factors such as recall bias or study participation selection
were minimized. Second, NHANES employed reliable and
well-established techniques to collect the data examined on
the study subjects. Dental status of study subjects was
determined by trained dental professionals and lab testing
utilized standardized methods. Third, multiple methods of
assessing exposure to Hg from amalgams were utilized.
Among these were: the comparison of blood Hg concentra-
tions between the amalgam exposed and unexposed groups,
the correlation between the number of amalgam surfaces
and blood Hg concentrations, and the estimation of daily Hg

vapor doses from amalgams and blood Hg concentrations.
All revealed increasing blood Hg concentrations were
consistently associated with amalgams in unadjusted and
adjusted statistical models. Fourth, the biological plausibil-
ity, consistency, and magnitude of the results observed
argue strongly against the suggestion that observations
made in this study are a consequence of statistical chance or
unknown confounding. Fifth, blood total Pb concentrations
were examined as a control measurement, and as a priori
hypothesized, no correlations were observed between blood
Pb concentrations and amalgams. This observation is sig-
nificant because it helps to establish that there was speci-
ficity to the correlations observed from the constructed
statistical models.

A potential limitation of this study was that a cross-
sectional study design was employed, and there was no
longitudinal follow-up of study subjects over time. It is
possible by following study subjects over time that addi-
tional insights could be gleaned regarding other factors that
may influence blood Hg concentrations. In the case of Hg

Table : A summary of the correlation between amalgam surfaces and each parameter examined.

Model Parameter examined β-coefficient (% CI) Standardized estimate t-Value p-Value

Ia

Blood total µg Hg/L . (−.–.) . . .
Blood inorganic Hg µg/L . (.–.) . . <.
Blood µg methyl-Hg/L . (−.–.) . . .
Blood μg Pb/dL . (−.–.) . . .

IIb

Blood total µg Hg/L . (−.–.) . . .
Blood inorganic Hg µg/L . (.–.) . . <.
Blood µg methyl-Hg/L . (−.–.) . . .
Blood μg Pb/dL . (−.–.) . . .

Survey regression modeling was utilized. Pb, lead; L, liter; Hg, mercury; μg, microgram. aNo adjustment wasmade for covariates. bAdjustments were made
for the covariates of age, bodyweight, urine volume, ethnicity, gender, and country of birth.

Table : A summary of the correlation between the estimated daily amalgam µg Hg vapor per kg bodyweight and each parameter examined.

Model Parameter examined β-coefficient (% CI) Standardized estimate t-Value p-Value

Ia

Blood total µg Hg/L . (.–.) . . .
Blood inorganic Hg µg/L . (.–.) . . <.
Blood µg methyl-Hg/L . (to .) . . .
Blood μg Pb/dL . (−.–.) . . .

IIb

Blood total µg Hg/L . (.–.) . . .
Blood inorganic Hg µg/L . (.–.) . . <.
Blood µg methyl-Hg/L . (−.–.) . . .
Blood μg Pb/dL . (−.–.) . . .

Survey regression modeling was utilized. Pb, lead; L, liter; Hg, mercury; μg, microgram. aNo adjustment wasmade for covariates. bAdjustments were made
for the covariates of age, bodyweight, urine volume, ethnicity, gender, and country of birth.
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vapor release from amalgams, it is known that daily be-
haviors such as eating or drinking of various foods, tooth
brushing, bruxism, etc. may influence the release of Hg va-
por from amalgams [20]. Environmental sources of Hg
exposure overtime such as fish consumption, occupational
exposure, or medicinal exposure may also impact blood Hg
concentrations [3].

Another potential limitation of this study was that no
information was available regarding the age or the chemical
makeup of the amalgams examined. It was previously
revealed that release of Hg vapor from newer as compared
to older amalgams may be greater [21]. As to chemical
makeup of amalgams, increasing Hg release is associated
with higher copper-containing amalgams [22].

A still further limitation of this study is that only blood
Hg concentrations were measured. It is possible that mea-
surement of the concentration of Hg in other blood compo-
nents such as the plasma or erythrocytes, may yield different
results.

Despite all of the aforementioned potential limitations,
this study was able to successfully test the hypothesis put
forward. The results of this study revealed repeated, clear,
and significant correlations between amalgams and blood
Hg concentrations. It is recommended that future studies
further evaluate the aforementioned potential limitations of
this study.

Conclusions

This study revealed that blood Hg concentrations are
significantly associated with amalgams. Amalgams were
observed to significantly contribute to dose-dependent in-
creases in blood total and inorganic Hg concentrations in
multiple statistical models with and without adjustment for
covariates. Despite the fact that elevations in blood Hg con-
centrations due to amalgams are not generally associated
with acute Hg toxicity, this does not provide reassurance as
to the safety of Hg vapor exposure from amalgams. Instead,
the elevated blood Hg concentrations associated with amal-
gams are a cause of great concern because they reflect that Hg
vapor from amalgams is being continuously transported
systemically throughout the human body and is deliveringHg
into many tissue and cell types. This is especially true in light
of recent studies linking amalgam exposures with increased
risks for outcomes such as asthma [23], arthritis [24], hearing
loss [25], neurological disorders [26–32], and perinatal death
[33]. Future studies should further examine the long-term
consequences of amalgam exposure and explore therapeutic
means to reduce blood Hg concentrations among those with
amalgams. Persons with amalgams desiring to lower their

blood Hg concentrations should consider consulting with a
healthcare practitioner, knowledge about this topic,
regarding the possibility of amalgamreplacement by a dentist
trained and certified in a safe amalgam protocol. Finally,
every effort should be made to reduce/eliminate wherever
practical, the continued use of amalgams.
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