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ABSTRACT: Human exposure to methylmercury (MeHg) and
elemental mercury vapor (Hgo(g)) are often estimated using total Hg
concentrations in hair and urine, respectively. We investigated whether
Hg stable isotopes could be used to better distinguish between exposure
to Hgo(g) versus MeHg. We found that hair from North American dental
professionals was characterized by high positive A'*’Hg values (mean =
1.86%o, 1 SD = 0.12%0, n = 11). This confirms that among people who
regularly consume fish, total Hg concentrations in hair reflect exposure
to MeHg. In contrast, we found that urine from the same individuals
was characterized by a range of A*”Hg values (0.29 to 1.77%c, 2 SD =
0.06%0, n = 12) that were significantly correlated to the number of | ,, I

dental amalgams in each individual’s mouth. We hypothesize that fish- - b s dopendont rationation (5°7Hg %) *
derived MeHg is demethylated within the body, causing mass-
dependent fractionation and the excretion of inorganic Hg in urine.
Mercury in urine therefore represents a mixture of demethylated fish-derived MeHg and amalgam-derived inorganic Hg. We
estimate that the majority (>70%) of Hg in urine from individuals with <10 dental amalgams is derived from ingestion of MeHg
in fish. These data suggest that within populations that consume fish, urine total Hg concentrations may overestimate Hg
exposure from personal dental amalgams.
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1. INTRODUCTION controversial.>'> The majority (~80%) of inhaled Hg’y, is
absorbed into the bloodstream and rapidly oxidized within
cells.’ The resulting oxidized inorganic Hg is largely trans-
ported to the kidneys where it is excreted in urine.”'* Because
Hg in urine is almost entirely inorganic Hg (>98%), total Hg
concentrations in urine are commonly used as a biomarker for
Hgo(g) exposure.”® However, some studies have observed
correlations between urine total Hg concentrations and fish

Humans are regularly exposed to both methylmercury (MeHg)
and inorganic mercury (Hg). Exposure to MeHg occurs
primarily due to consumption of higher trophic level fish.'~
Once ingested, MeHg is rapidly absorbed into the bloodstream
from the gastrointestinal tract and distributed throughout the
body.>** Because it can easily cross the blood-brain and
placental barriers, MeHg can cause severe central nervous

. 15—17 . . . .
system damage and developmental delays, especially in fetuses consumption, suggesting that inorganic Hg derived from
and newborns.>>® Most of the Hg in hair is MeHg (usually demethylation of ingested MeHg may also be excreted in urine.
>80%; ref 7 and 8) and MeHg is taken up by both hair follicles It may be possible to use naturally occurring Hg stable

isotope ratios in human hair and urine to more definitively
distinguish between exposure to MeHg versus Hgo(g). The
seven stable isotopes of Hg (196 to 204 amu) can undergo
mass-dependent fractionation (MDF) during a number of
processes including methylation'® and demethylation,'®*°
reduction,”®*" and volatilization.”>** Mercury stable isotopes

and brain cells as MeHg-cysteine complexes.a’9 As a result,
epidemiological studies often use total Hg concentrations in
hair as biomarkers for MeHg exposure from fish consumption.

Inorganic Hg can also cause central nervous system and
kidney damage.”'® Exposure to inorganic Hg occurs primarily
through inhalation of elemental Hg vapor (Hgo(g)). This can

occur occupationally among industrial workers, small-scale gold can also undergo mass-independent fractionation (MIF), which
miners, and dental professionals who place Hg amalgam is reported as the deviation of a measured isotope ratio from
fillings.>'" However, as dentists have increasingly switched to

resin-based composite restorations, occupational exposure of Received: December 21, 2012

dentists to Hgo(g) has decreased.” Hgo(g) can also be emitted Revised:  February 25, 2013

into the oral cavity from the surfaces of personal dental Accepted: March 6, 2013

amalgams, but the magnitude of this exposure remains Published: March 6, 2013
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the ratio theoretically predicted to result from MDF. Mercury
stable isotope ratios are reported using delta notation as

8™*Hg(%0) = ([(™Hg/ ]98Hg)sample/ (“Hg/ 198H8)SRM3133]

(1)

where ™Hg is an isotope of Hg and SRM 3133 is a National
Institute of Standards and Technology (NIST) Standard
Reference Material (SRM).>® Mass-independent fractionation
is reported using capital delta notation as

— 1) x 1000

A™Hg = 5™ Hg — (6"Hg x ) ®)
where /3 is equal to 0.252 for '*’Hg, 0.502 for **°Hg, and 0.752
for **'Hg for kinetic fractionation reactions.”® The greatest
magnitude of MIF of Hg isotopes occurs during photochemical
reactions that generate long-lived radical pairs.”®** During
these reactions, because only the odd-mass-number isotopes of
Hg have unpaired nuclear spin and nuclear magnetic moments,
the odd- and even-mass-number isotopes of Hg react at slightly
different rates. Several studies have observed large positive MIF
of Hg isotopes in fish and hypothesized that photochemical
demethylation of MeHg results in MIF such that the remaining
aqueous MeH§ that enters the food web displays positive
A199Hg values.”**>™%" In contrast, because the Hg in geologic
deposits that is mined for use in industrial processes, gold
mining, and dental amalgams has not undergone photochemical
cycling, it does not display significant MIF of Hg isotopes.”*™>"
As Laffont et al. recently demonstrated, MIF of Hg isotopes in
human hair can be used to distinguish between exposure to
fish-derived MeHg and geologically derived Hgo(g).3l’32

We undertook this study to further investigate whether Hg
stable isotope ratios in human hair and urine can be used to
quantify exposure to Hgo(g) and MeHg more accurately than
measurement of total Hg concentrations. We measured Hg
isotope ratios in hair and urine from a group of North
American dental professionals. These individuals potentially
inhale Hgo(g) during placement of dental amal%ams and due to
volatilization from their personal amalgams.'>"® They are also
exposed to varying amounts of MeHg through the
consumption of fish and other seafood.® Although H
exposure has been studied among dental professionals,®**
Hg stable isotope ratios have not previously been employed to
assess this exposure.

2. EXPERIMENTAL SECTION

2.1. Sample Collection. For a larger public health study, a
convenience sample of 515 dental professionals (dentists and
hygienists) was recruited at the 2009 and 2010 Michigan
Dental Association (MDA) Annual Conventions.***® Each
participant completed a survey detailing demographic charac-
teristics, occupational practices (e.g, number of amalgams
handled per week), number of personal dental amalgams, and
fish consumption patterns.***> Daily intake of MeHg from fish
was estimated based on species specific average Hg
concentrations.>**¢ Spot urine samples (~20—50 mL) were
collected into Hg-free containers and stored frozen. Hair
samples were cut close to the scalp and wrapped in paper.

2.2. Total Hg Concentration Analyses. Total Hg
concentrations in urine and hair samples were measured
using a Direct Mercury Analyzer 80 (Milestone Inc, CT)
accordin% to U.S. EPA Method 7473 as previously
described.”*** One empty boat blank, one sample replicate,
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and at least one standard reference material were included in
every set of 10—15 samples (see Supporting Information (SI)).

2.3. Sample Processing for Hg Isotope Ratio Analyses.
Because accurate Hg isotope ratio measurements cannot be
made on samples containing less than ~8 ng of Hg, only a
limited number of samples could be analyzed for Hg isotope
ratios (hair: n = 11; urine: n = 12). The hair samples were not
washed prior to analysis because no methods have been shown
to quantitatively remove exogenous Hgo(g) contamination from
hair.>”** Depending on the measured total Hg concentration
and amount of hair available, between ~6 and ~170 mg of hair
per sample was weighed into a ceramic boat and covered with
activated alumina and sodium carbonate powders (Nippon
Instruments) that had previously been combusted at 800 °C for
8 h to remove any Hg. Urine samples were homogenized by
vigorous shaking and then pipetted into ceramic boats in ~4
mL aliquots for a total of 4 to 27 mL of urine per sample. Each
aliquot was evaporated to dryness in an oven at 60 °C for 4—6
h. The dried material was then covered with the Hg-free
powders. After the samples were prepared, the Hg was
thermally released using previously published methods (see
SI; ref 27). Human hair and urine procedural standards and
blanks were processed according to the same methods (see SI).

2.4. Mercury Stable Isotope Analyses. Mercury isotope
ratios were measured in samples and standards using
multicollector inductively coupled plasma mass spectrometry
according to previously published methods.”® During each
analytical session, the UM-Almadén secondary standard was
analyzed five times. We estimate sample analytical uncertainty
for each isotope ratio as the larger of two times the standard
deviation of the same ratio measured either in the relevant
procedural standards or the UM-Almadén secondary standard.

2.5. Statistical Analyses. Relationships between measured
variables were characterized using linear regression. The
statistical significance of each correlation was assessed using
the SPSS Statistics program (v. 20.0.0, IBM). For all statistically
significant relationships, the assumptions of linearity, inde-
pendence of errors, homoscedasticity, and normality of the
error distribution were assessed and validated. The relation-
ships between hair and urine A'"”Hg and A**'Hg values were
analyzed using York regression, which incorporates error in
both the dependent and independent variables.*

3. RESULTS AND DISCUSSION

3.1. Total Hg Concentrations. Total Hg concentrations
measured in hair and urine samples are presented in the SI
(Table SI-S1). Because we were only able to analyze high
concentration samples for Hg isotope ratios, the total Hg
concentrations of these samples do not represent the range or
average concentrations in hair (049 + 0.63 ug/g) or urine
(1.04 + 1.18 ug/L) from the larger dental professional
cohort.>* In addition, these analytical requirements and the
limited size of the hair samples resulted in the inclusion in this
study only of individuals who consumed fairly large amounts of
fish each month (Table SI—S1). Here, the average hair total Hg
concentration was 3.02 pg/g (1 SD = 1.62 ug/g, n = 12) and
the average urine total Hg concentration was 2.54 ug/L (1SD
= 1.68 ug/L, n = 12). As observed in previous studies, these
hair total Hg concentrations were nearly significantly correlated
with MeHg intake from fish (p = 0.063, r* = 0.304; Figure SI—
$1).7'%35 However, there were no significant relationships
between urine total Hg concentrations and the number of
personal amalgams (p = 0.375, r* = 0.080) or the number of

dx.doi.org/10.1021/es305250z | Environ. Sci. Technol. 2013, 47, 3403—3409



Environmental Science & Technology

14

e
o

No. of ore deposits
O = N W HUIoN®O

r7
OHg ore
®Marine pelagictuna | + 6
r5
=
L4 ®
=
3%
F 22
F1

-0.2-0 0.0-0.2 0.2-0.4 0.4-0.6 0.6-0.8 0.8-1.0 1.0-1.2 1.2-1.4 1.4-1.6 1.6-1.8 1.8-2.0 2.0-2.2 2.2-2.4 2.4-2.6 2.6-2.8

A1°Hg (%)

No. of individuals
N w » [3,] [} ~

e

ODentist hair

BDentist urine

1

-0.2-0 0.0-0.2 0.2-0.4 0.4-0.6 0.6-0.8 0.8-1.0 1.0-1.2 1.2-1.4 1.4-1.6 1.6-1.8 1.8-2.0 2.0-2.2 2.2-2.4 2.4-2.6 2.6-2.8

A'%Hg (%o)

Figure 1. Mass-independent fractionation of Hg isotopes in tuna, Hg ores, and human hair and urine samples. A'*Hg values are binned into equal
0.20%o intervals. Top panel shows previously measured A'*’Hg values in marine pelagic tuna including the average value of the BCR CRM 464 tuna

fish standard reference material across multiple studies*>™>”

deposits>**
from the dental professionals.

>* (black columns) and previously measured A*Hg values in geologic Hg ore
3! (hatched columns). Lower panel depicts A'Hg values measured in hair samples (white columns) and urine samples (gray columns)

amalgams handled each week (p = 0.387, * = 0.076). Increased
care in handling of Hg and use of composite fillings has
decreased dental professionals’ occupational exposure to
Hgo(g).l2 In the larger study, number of amalgams handled
each week was a less strong predictor of urine total Hg
concentrations than number of personal amalgams.>*

3.2. Mass-Independent Fractionation of Hg Isotopes.
Complete Hg isotopic data are presented in the SI (Table SI—
S1). Hair samples from the dental professionals exhibited
positive A'”’Hg values (mean = 1.86%o0, 1 SD = 0.12%o0, n =
11) that are similar to those measured previously in hair
samples from Northern Europeans.’’ Although it has been
suggested that MIF might occur due to metabolic processes
within organisms,*® no known biotic processes or trophic
transfers have been shown to produce MIF of Hg
isotopes'®'??"*! and abiotic dark equilibrium reactions only
produce a small amount of MIF (<~0.3%o; refs 23 and 42).
Instead, we hypothesize that the observed positive MIF in the
hair samples is due to ingestion of MeHg that displays positive
A" Hg values. As shown in Figure 1, A" Hg values in the hair
samples are similar to those previously observed in marine
pelagic tuna.*>~*7** On average, 54 + 17% by mass (1 SD, n
= 12) of fish consumed by the dental professionals were marine
pelagic species (including tuna, cod, halibut, swordfish, shark,
and mackerel). Because these large, predatory fish often have
higher concentrations of MeHg,2 due to mass balance, it is
likely that consumption of these species effectively controls the
A199Hg values observed in the hair samples. In addition, the
ratio of A"Hg to A**'Hg in the hair samples is 1.22 + 0.22
(1SE, n = 11; Figure SI-S2). This is consistent with A'**Hg/
A*'Hg ratios that have been observed in fish popula-
tions, 2020273241 4345797 Thege data further support the
hypothesis that among people who eat fish, hair total Hg
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concentrations reflect exposure to MeHg from fish con-
sumption.

In contrast, urine samples from the dental professionals were
characterized by a range of positive A'*’Hg values (0.29%o to
1.77%o; Figure 1). As described previously, Hg in dental
amalgams is mined from geologic deposits, which do not
display significant MIF (Figure 1, refs 28—30). Therefore, if the
majority of the Hg in the urine samples resulted from exposure
to inhaled Hgo(g), we would expect to observe urine A"*Hg
values close to 0%c. However, most of the urine samples
(MDA-1 to 7, MDA-11; n = 8) displayed large positive A'*’Hg
values that were similar to those measured in the corresponding
hair samples (mean urine A'"”Hg = 1.55%0, 1 SD = 0.15%o, n
= 8). These data suggest that a significant portion of the Hg in
the urine samples is derived from fish consumption. Although
several previous studies have suggested that Hg derived from
fish and seafood can contribute to urine Hg levels, it was not
previously 1possible to support or resolve this hypothesis
analytically. ®~'7 These Hg isotope results directly challenge
the assumption that total Hg concentrations in urine
dominantly reflect exposure to inhaled Hgo(g).

We hypothesize that urine A'®”Hg values are controlled by
mixing of inorganic Hg derived from demethylation of ingested
MeHg that displays positive A'*”Hg values with inhaled Hgo(g)
from dental amalgams that displays no significant MIF. As
depicted in Figure 1, four of the urine samples display lower
A" Hg values (MDA-8 to 10, MDA-12) than the hair samples.
These variations in MIF are not due to differences in Hg intake
via fish consumption (p = 0.148, * = 0.197, n = 12) or the
number of amalgams handled each week (p = 0.385, = 0.076,
n = 12). However, as shown in Figure 2, the urine A'”’Hg
values are nearly significantly correlated with the number of
personal amalgams in each individual's mouth (p = 0.057, r* =
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Figure 2. Number of personal dental amalgams versus urine A'*’Hg
values. Filled circles represent urine samples from individual dental
professionals. Linear regression depicted as a solid line (p = 0.001, r* =
0.695, n = 11) does not include individual MDA-11 (pink circle
bracketed by parentheses).

0.317, n = 12). As the number of personal amalgams increases,
urine A199Hg values decrease. In fact, the four dental
professionals with lower urine A"Hg values all have 10 or
more personal dental amalgams (Table SI-S1). This suggests
that exposure to inhaled inorganic Hgo(g) increases as the
number of dental amalgams in an individual’s mouth increases.
The urine sample from individual MDA-11 does not fit this
trend. Although this individual has 18 personal amalgams, his
urine sample displayed a similarly positive A'*’Hg value (1.73
+ 0.06%o, 2 SD) to his hair sample (2.04 + 0.06%0, 2 SD). If
this individual is excluded, the correlation between urine
A'"Hg values and personal dental amalgams is much stronger
(p = 0.001, * = 0.695, n = 11; Figure 2). It is possible that this
individual over-reported the number of personal dental
amalgams in his mouth, perhaps by counting each restored
surface rather than individual Hg amalgams. It is also possible
that individual MDA-11 may have consumed significantly more
fish than reported in the dietary survey. Although he reported
consuming 2640 g of fish per month (0.400 ug Hg/kg body
weight/day; Table SI-S1), the total Hg concentration in his hair
sample was much higher than expected based on this level of
fish consumption (Figure SI-S1). Consumption of a large
amount of fish by individual MDA-11 may have resulted in the
observation of a higher than expected urine A'*’Hg value.

If we assume that Hg in urine from the dental professionals
represents a mixture of demethylated MeHg originally ingested
in fish and inhaled Hgo(g) from dental amalgams, we can use a
simple two-end-member mixing model to estimate the relative
exposure of each individual to these sources of Hg (see SI). To
do this we assume that the positive MIF observed in the hair
samples is due entirely to consumption of fish and that H(go(g)
released from amalgams displays no significant MIE.**7>° As
shown in Table 1, we estimate that, on average, 83 + 9% (1 SD,
n = 8) of the Hg in urine from the eight individuals with higher
urine A'”Hg values (MDA-1 to 7, MDA-11) was originally
ingested as MeHg in fish. These results directly contradict the
assumption that urine total Hg concentrations primarily reflect
exposure to inhaled Hgo(g). In contrast, a large percentage of
the total Hg in urine from individuals with lower urine A'”*Hg
values (MDA-8 to 10, MDA-12) resulted from inhalation of
Hgo(g) (mean = 69 & 10%, 1 SD, n = 4). In populations that eat
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Table 1. Hg in Urine Resulting from Exposure to MeHg and
He'”

no. of % Hg in
personal hair urine % Hg in urine from
individual dental A199Hg A199Hg urine from amalgam
D amalgams (%o0) (%o0) fish MeHg Hg'p)
MDA-1 0 1.92 1.46 76.3 23.7
MDA-2 1.67 1.58 94.7 5.3
MDA-3 0 1.83 1.63 89.0 11.0
MDA-4 1 1.92 13§ 70.5 29.5
MDA-5 2 1.99 1.77 89.2 10.8
MDA-6 S 1.93 1.39 72.2 27.8
MDA-7 S 1.70 1.49 87.8 122
MDA-8 10 1.76 0.59 33.8 66.2
MDA-9 13 n.d. 0.29 16.0% 84.0%
MDA-10 14 1.80 0.58 32.6 67.4
MDA-11 18 2.04 1.73 84.9 15.1
MDA-12 20 1.93 0.79 41.2 58.8

“Individual dental professionals are labeled as “MDA-1", etc. Percent
Hg in each urine sample derived from fish MeHg and inhaled Hg’,
were calculated using a two-end-member mixing model (see SI%.
Because it was not possible to analyze a hair sample from individual
MDA-9 for Hg isotopes, for the purposes of this calculation we assume
that the A'®Hg value of the hair sample from MDA-9 was equal to the
average of the other hair samples (mean = 1.86%o).

fish and lack significant occupational exposure to inhaled
Hgo(g), total Hg concentrations in urine may overestimate
exposure to Hgo(g) from dental amalgams. However, if an
individual has a large number of personal dental amalgams,
exposure to inhaled Hgo(g) can contribute significantly to Hg
concentrations in urine.

3.3. Mass-Dependent Fractionation of Hg Isotopes.
Although it is unlikely that metabolic processes cause MIF,
processes occurring within the human body may cause MDF of
Hg isotopes. As shown in Figure 3, the hair and urine samples
from the dental professionals displayed distinctly different
5"”Hg values. The hair samples exhibited positive 5**Hg
values (mean = 2.35%o, 1 SD = 0.28%o, n = 11) which were, on
average, 1.9%o higher (1 SD = 0.28%o, n = 11) than those of
marine pelagic tuna (mean 6***Hg = 0.52%o, 1 SD = 0.22%o, n
= 21; refs 25—27, 43, 44). Laffont et al. similarly observed that
5*”Hg values in human hair were ~2%o higher than those
measured in consumed fish.>"** In contrast, urine samples from
the dental professionals displayed negative °**Hg values (mean
—1.35%0, 1 SD = 0.48%o, n = 12). We hypothesize that
demethylation of MeHg within the body causes MDF and
results in the observed hair and urine §***Hg values.

Demethylation of MeHg in the human body is relatively
poorly understood, but it is known that MeHg can be
demethylated both in the gastrointestinal tract by anaerobic
microbes®*** and within other tissues such as red and white
blood cells,””° liver and kidney cells,**>! brain cells,** and hair
follicles.” The produced inorganic Hg is eliminated from the
body in feces or transported to the kidney and excreted in
urine.>*~*> Environmental microorganisms and some abiotic
processes are known to preferentially demethylate the lighter
isotopes of Hg, which results in higher 6*”Hg values in
remaining MeHg and lower 5°”Hg values in the produced
inorganic Hg.'”*" We hypothesize that in vivo demethylation of
ingested MeHg may cause similar MDF in the human body,
resulting in the accumulation of the lighter isotopes in the
produced inorganic Hg that is excreted in urine and heavier
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Figure 3. Isotopic compositions (6°**Hg versus A'*Hg) of hair and urine samples. Filled square symbols represent hair samples from individual
dental professionals; corresponding urine samples are shown as filled circles using the same colors. Representative 2 SD analytical uncertainty for the
hair and urine samples is shown. Gray diamonds depict previously measured isotopic compositions of marine pelagic tuna and the average reported
value for the BCR CRM 464 tuna fish standard reference material.*>~>”**** Error bars for the BCR CRM 464 tuna fish standard are 1 SD of the
average of reported values. Black X’s depict previously measured geologic Hg ore deposits.”****" Where more than one measurement was made per
ore deposit, the mean value is presented and 1 SD error bars are shown.

isotopes of Hg in the remaining MeHg that is incorporated into
hair. Based on mass balance and the average 6°**Hg values of
marine pelagic tuna, hair samples, and urine samples that are
composed primarily of demethylated MeHg (i.e., MDA-2, 3, S;
mean 5202Hgdemethylated MeHg = —0.88%0), we estimate that
~57% of fish-derived MeHg is demethylated within the body
prior to uptake of the remaining MeHg into hair. Although this
estimate is larger than that suggested by some previous
pharmacokinetic models,***” other models suggest that
significant daily demethylation and loss of MeHg occurs within
the human body (1.6% of body burden per day; ref 54). This
estimate of demethylation also supports our conclusion, based
on the urine A199Hg values, that a significant portion of
ingested MeHg is demethylated and excreted in urine.

In contrast to humans, it is interesting that MDF of Hg
isotopes does not appear to occur in fish due to demethylation
of ingested MeHg."' Although some studies suggest that
demethylation of MeHg does not occur in fish, 559 other
research indicates that demethylation may occur over time in
fish livers.5%¢! However, no significant offsets in 5202Hg values
have been observed between consumed MeHg and fish muscle
tissue."" Perrot et al. did observe significant MDF (~1%o)
between seals and their prey fish in Lake Baikal.*® Data from
this study further suggest that demethylation of MeHg occurs
differently between fish and mammals. Whereas in vivo MeHg
demethylation in mammals causes significant MDF of Hg
isotopes, no such MDF appears to occur in fish organs. Future
studies are needed to more fully explore and understand these
differences.

We can also use the observed urine §***Hg values to estimate
the §*’Hg value of Hgo(g) released from dental amalgams. As
above, we assume that the 6°*’Hg value of demethylated MeHg
is most closely approximated by urine samples from individuals
MDA-2, 3, and S. Based on the relative proportion of Hg in
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each individual’s urine from fish-derived MeHg versus inhaled
Hg’(, (Table 1), we estimate that Hg’(, released from dental
amalgams has an average §°’Hg value of —2.1%¢ (1 SD =
1.3%o, n = 12). This §*”*Hg value is lower than those measured
in geolo%ic ore deposits from which Hg used in amalgams is
derived.”®3' However, previous studies have shown that the
lighter isotopes of Hg preferentially volatilize as Hgo(g) from
liquid Hg metal>**' Similar MDF may occur during the
volatilization of Hg’) from dental amalgams into the oral
cavity, resulting in the inhalation of Hgo(g) with lower 6°”Hg
values than that of the solid amalgams.

In summary, these data demonstrate that Hg isotope ratios in
human hair and urine samples can be used to more accurately
assess exposure to MeHg and Hgo(g) than traditional measures
of total Hg concentrations in the same media. Mass-
independent fractionation of Hg isotopes can be used to
differentiate between exposure to fish-derived MeHg (with high
positive A'*’Hg values) and geologically derived Hg" ,) inhaled
from dental amalgams (with no significant MIF). Mass-
dependent fractionation of Hg isotopes can be used to better
understand processes occurring in the human body such as
demethylation of MeHg. As observed in previous studies, we
found that the majority of Hg in hair samples from North
American dental professionals results from ingestion of MeHg
in fish.>**> However, we found that a significant percentage of
the Hg in urine from many of these individuals also results from
ingestion and demethylation of fish-derived MeHg. This is
contrary to the widely cited assumption that Hg in urine is
largely derived from inhalation of Hgo(g). In fact, only urine
from individuals who had more than 10 personal dental
amalgams contained a large percentage of inorganic Hg
resulting from exposure to Hgo(g). It is important to note that
these findings likely do not apply to individuals with high levels

of occupational exposure to Hgo(g) (e.g, small-scale gold
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miners) or those who do not consume fish. However, among
people who regularly consume fish, demethylation of fish-
derived MeHg can contribute significantly to urine total Hg
concentrations and result in the overestimation of Hgo(g)
exposure from dental amalgams.
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Detailed experimental methods and supporting figures and data
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