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SUMMARY

As the concentration of methylmercury (MeHg) in the environment is insignificant, hair can be used as a suitable matrix to estimate endogenous
MeHg exposure. A validated analytical method with AMA 254 spectrometer was used for the determination of inorganic mercury and methylmercury
species in the hair of dentists, workers in fish industry and professionally non-exposed adults. ANOVA and QC Expert software was used for statistical
evaluation. The number of amalgam fillings in oral cavity, consumption of fish, gender, smoking habits and age of the subjects were taken into
account. Asignificantly higher level of inorganic bound mercury (Hg, ) was found in the hair of dentists. The number of amalgam fillings had a slightly
significant effect on Hg, ; fish consumption had a significant influence on MeHg and slightly also on Hg, . Other parameters were not significant.
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INTRODUCTION

From the toxicological point of view, mercury belongs to the
very toxic elements for humans. Most important species for liv-
ing organisms are elemental form, divalent mercury and organic
mercury compounds. Health risks of exposure to mercury and
its compounds are well described in literature (1-9). From these
publications it follows that urine, blood and hair are the most
used biomarkers of mercury body burden (with some limitations).
Urine is considered to be the best indicator of body burden from
long-term exposure to elemental and inorganic mercury (Hg, ),
blood is a good biomarker of short-term exposures. The use of
hair analysis in environmental medicine is discussed in some
reports (10, 11) and in materials of Agency for toxic substances
and disease registry (12).

From these publications we can summarized that hair is well
suited as a biomarker for the methylmercury (MeHg) endogenous
exposure. Very detailed overviews concerning hair studies are
done in monographs (13, 14). Many papers have been devoted to
the hair mercury and fish consumption, to the problems connected
with amalgam fillings, professional exposure in dentist’s surgeries
and/or combination of various factors (15-26).

For the Czech population, more data are available on total
mercury (Hg,_) in blood, urine and serum than in hair. Review
of trace elements in human including mercury in blood, serum
and urine was published in (27-29), for mercury in hair only
few data are done (30-33). Results of a large project “The En-
vironmental Health Monitoring System in the Czech Republic”,
which include also human biomonitoring, showed that the total

mercury concentration in blood and urine (adults and children)
and hair (only children) was low during the whole study and did
not exceed values representing health problems. For example,
in 2007 (adults) and 2006 (children) medians of total mercury
concentration were as follows: blood adults male 0.85 pg.l",
female 0.89 pg.l'; urine adults 1.1 pg.g™! of creatinine; children
blood 0.45 pg.I'"; children urine 0.3 pg.g"! of creatinine; children
hair 0.13 pg.g!. These results were lower than limits defined by
the German Committee for Human Biological Monitoring (HBM
I) — blood 5 ug.I", urine 5 pg.g"! of creatinine (34) and with the
U.S. EPA limit for hair — 1 pg.g, and did not represent health
risks for general Czech population. As the average concentration
of mercury found in air was about 0.001 pg.m> and median of
mercury concentration in drinking water 0.1 ug.1"! (35), the main
source of the mercury intake of non-exposed population is food
consumption. An average exposure to the mercury in diet was
0.08 ng Hg per kg b.w. and week, i.e. about 5% of the provisional
tolerable weekly intake (PTWI), defined by Joint FAO/WHO
Expert Committee on Food Additives (JECFA) for MeHg (36).

In connection with changes of the dietary habits of Czech popu-
lation (higher frequency of fish consumption in the last years),
the Scientific Committee for Foodstuffs in the Czech Republic
decided in 2004 that a study of body burden of methylmercury is
necessary even that the fish consumption is still low in compari-
son with seaboard states: <5 kg per reference man per year with
seafood accounting for 63% of this amount (1, 36). Results from
this study will serve as a starting point for future biomonitoring
studies. For this purpose we used a rapid and very simple validated
method described previously (31, 37).
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MATERIAL AND METHODS

Instrumentation

All measurements were performed on a single-purpose spec-
trometer AMA 254 (Altec Prague Ltd. Czech Republic) by cold
vapour atomic absorption spectroscopy (CVAAS) technique with
a previous combustion of the sample in oxygen atmosphere and
amalgamation preconcentration (38).

Reagents, Vessels

Demineralised water (Millipore), 18.2 MQ.cm™, nitric acid
(Suprapur grade, Merck, Germany), concentrated and 2 mol.I"!
hydrochloric acid (Suprapur grade, Merck), standard solution
for AAS Hg 1.000+0.002 g.I'' (Merck), methylmercury chloride
(analytical standard, Riedel de Haen, Germany), oxygen of medi-
cal purity (Linde, Prague, Czech Republic).

Working standards were prepared from the standard solution
and stabilized by 1% v/v HNO, and 0.01% w/v potassium dichro-
mate (reagent grade, Lachema, Czech Republic).

Reference materials of hair were CRM GBW 07601 (total
mercury) and TAEA 085 (methylmercury).

Before use, glass vessels and tubes were washed as described
in (31).

Analytical Method for Mercury Determination

To determine the Hg , Hg, and MeHg levels among vari-
ous groups, scalp hair samples (about 0.2 g) from the occipital
area were cut on about 4 mm pieces, homogenized, washed by
the procedure, recommended by WHO/IAEA (acetone, 3 times
demineralized water, acetone) and dried at about 50 °C in dry-
ing oven.

Total mercury concentration was determined directly without
mineralization: about 10 mg of the sample was weighed into the
boat of AMA 254 analyser, dried, combusted, and decomposed
in a stream of oxygen on a catalytic column. After quantitative
mercury trapping on the surface of gold amalgamator, the mercury
was completely evaporated at 900 °C into the optical cell and
measured at 253.7 nm.

Methylmercury was leached from the subsample of hair by
hydrochloric acid (2 mol.I', v/w=40ml/g) for 4 h. After centrifu-
gation, 100 pl of leachate was pipetted into AMA 254 boat and
measured by the same way as total mercury.

The content of inorganic bound mercury was calculated as
a difference between Hgtotal and MeHg.

RESULTS

Characteristic of Population Groups

Groups of dentists, workers in fish industry and profession-
ally non-exposed adults (altogether 60 persons) were included
in our study. Filled-in questionnaires included the number of
amalgam fillings, frequency of fish consumption, gender, age,
smoking habits and informed consent. Descriptive data are shown
in Table 1.

Table 1. Characteristic of the population groups (%)

Age (mean) 44 years (range 17-77)
%
town 77
Area region 23
male 28
Gender female 72
dentist 35
Profession professionally non-exposed 48
fresh water industry 17
Smoking non-smoker 92
habits smoker 8
never or exceptionally 23
Fish 1-2 per month 45
consumption 1-2 per week 27
more than 3 times per week 5
0-5 55
No. of amal- 6-10 37
gam fillings 11-15 5
16-20 3

QA/QC

All validation criteria used in analytical method have been
published previously (31). The limit of detection for mercury
was 0.7 ng.g!, limit of quantification was 1.4 ng.g!. Uncertainty
was about 7% for Hg, and 10% for MeHg. The accuracy of the
method was confirmed by the analysis of certified reference
materials of hair: IAEA 85 (determined value for MeHg 22.442
pg.g', certified value 22.9 pg.g?!, 95% C.I. 21.9-23.9 pg.gh);
GBW 07601 (determined value for total Hg 0.38+0.04, certified
value 0.36+0.05 pg.g"). The control sample analysed with every
set of samples throughout the study was used to ensure the ac-
curacy and compatibility of the results (see Shewhart’s diagram
on Fig. 1).

ug MeHg/g

4 5 6 7

No. of measurements

Fig. 1. Shewhard’s regulation diagram for methylmercury
dashed line: + 3SD, dot and dashed line: + 2SD, full line:
mean.
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Statistical Evaluation

The results obtained for MeHg and Hg, in the groups of
dentists, workers in “freshwater” fish industry and profession-
ally non-exposed adults (about 20 persons in each group) were
statistically evaluated by ANOVA and QC Expert, and Student’s
t test at the level 00.95 (39)

All results had log — normal distribution and therefore before
statistical evaluation, the data were modified by logarithmic
transformation. Calculated critical value of the determination
coefficient (R?) at the level 0=0.95 equals to 0.102 (higher values
signalised significance of parameter).

In the evaluation, smoking habits were excluded because of the
very low number of smokers (<10% from all participants).

The results on the hair concentration of mercury species are
summarised in Table 2.

Table 2. Results of hair mercury species in groups of dentists
and professional non-exposed population

g;’:u(::::::zdroups Hgtotal ug.g’ | MeHgugg' | Hg, pg.g’
Median 0.33 0.20 0.10
Max 2.38 1.56 0.90
Min 0.07 0.04 <0.01
Percentile 0.9 1.00 0.72 0.26
Dentists group Hg total pg.g" | MeHg ug.g” Hg, Hg.g"
Median 0.51 0.29 0.23
Max 5.69 1.60 4.45
Min 0.28 0.07 0.11
Percentile 0.9 417 1.00 2.60

of Hg_>1 pg.g". This fact can be explicated by the exogenous
contamination of dentist’s hair by inorganic form of mercury
presented in the atmosphere of the working place. All non-de-
pendent parameters seemed to be statistically non-significant in
the group of dentists but differences could be covered up by the
higher mercury content.

In the professionally non-exposed group we found that the
median Hg  was 0.33 pug.g"', median of abundance of MeHg was
70%. Two persons, having concentration of MeHg higher than
1 pg.g!(1.5and 1.2 pg.g"' resp.), consumed fish more than 3 times
per week. Four persons have a concentration of Hg _>1 pg.g'.
The influence of amalgam fillings was non-significant for MeHg
(determination coefficient 0.019) but significant for inorganic
Hg (determination coefficient 0.193) (Fig. 2).The influence of
fish consumption was significant for both MeHg (determination
coefficient 0.533) and Hg, (determination coefficient 0.189)
(Figs. 3 and 4).

1.6
y = 0.0189x + 0.0441
R =0.1931
1.2
5
=)
I A
o 08 ,
=2
<
o
£
E’ 04 A A ...........
AT
A
A
A A s
8 10 12 14 16 - -
No. of amalgam fillings

DISCUSSION

Influences of various mutually independent parameters (age,
number of amalgam fillings, dietary habits, professional exposure
and gender) on methylmercury and inorganic bound mercury spe-
cies were studied. Mercury species in human hair were determined
in groups of dentists, workers in “freshwater” fish industry and
professionally non-exposed adults with different dietary habits.

We found that differences among groups of workers in “fresh-
water” fish industry, other professionally non-exposed adults and
celiatics (different dietary habits) in all parameters under study
were statistically non-significant and these groups were hence-
forth taken as one “non-exposed” group. Dentists were treated
as a professionally exposed group.

In all groups no significant influence of age and gender was
found for both species.

A significant difference between non-exposed groups and
dentists was found for inorganic mercury form. At dentists, the
total mercury concentration>1 pg.g"' (median Hg,  0.51 ug.g"') was
found in 5 persons (i.e. 29%) and median of abundance of Hg,_
was about 60% while median of abundance of Hg, in “non-ex-
posed” group was about 30%. Four dentists had the concentration

Fig. 2. Dependence of the inorganic bound mercury concen-
tration in hair on the frequency of number of amalgam fillings
(without group of dentists).
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Fig. 3. Dependence of the methylmercury concentration in hair on
the frequency of fish consumption (without group of dentists).
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Fig. 4. Dependence of the inorganic bound mercury concen-
tration in hair on the frequency of fish consumption (without
group of dentists)

CONCLUSION

From the obtained results we can conclude that our results
for non-exposed population are in agreement with non-exposed
population in countries with similar dietary habits. The levels of
mercury, obtained in the group of dentists, are also similar to the
levels described in the literature, and represent both endogenous
and exogenous exposure. The number of amalgam fillings was
significant for Hg, ; the significant influence of fish consumption
on the Hg, and especially on the MeHg levels was found although
the consumption of fish in Czech Republic is rather low. The
concentration levels found show that there is no serious problem
with mercury exposure in Czech Republic.

The higher mercury level in dentist’s hair can be ascribed to
the work with amalgams and contaminated area of the surgery;
the higher values in the “fish-eaters” were caused by MeHg
(abundance of this form more than 70%).
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