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ABSTRACT

In the present paper, biomonitoring of mercury contamination via head
hair analysis was made in more than ten Indian tribes living in the Xingu
Park, an Indian reservation located in the State of Mato Grosso, Central
Brazil.

Total mercury was determined by instrumental neutron activation
analysis (INAA), at the Radiochemistry Division of IPEN/CNEN-SP (Sio
Paulo, Brazil) and by cold vapour atomic absorption spectroscopy (CVAAS)
at the Jozef Stefan Institute (Ljubljana, Slovenia).

Methyl-mercury in the hair samples was determined by CVAAS, by the
technique described by May et al, which uses an anion exchange separation of
extracted inorganic from organic mercury species, followed by destruction of
organic species by UV irradiation.

In all the Indian tribes analysed, the total hair mercury concentration
was several orders of magnitude higher than the controls and in many cases
higher than 20 ppm.

A part of the hair samples was analyzed for methyl-mercury, which
comprised from about 70 to 100% of total mercury found. Hair samples are
considered as good indicators of human exposure to methyl-mercury by fish
consumption, which is in agreement with the dietary habits of the Indians.
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INTRODUCTION

Gold exploration activities using mercury amalgamation have been
causing a considerable environmental impact in several parts of the Amazoni
region, as shown by various studies in which analyses of human hair, fisp
sediments and aerosols were carried out''. It is estimated that tonnes oi“
mercury are thrown in the rivers of the Amazon region annually or are
evaporated into open air after the amalgamation procedure employed in golg
extraction.

On the other hand, some researches have proposed that the high levels
of mercury found in the Rio Negro Basin could reflect an elevated natural
background of the element, due to the unique organogeochemical
characteristics of this Basin!?/.

Both facts imply that there is a need for a thorough investigation of
mercury presence in all environmental compartments in the Amazonic region,
to be able to understand its geochemical cycle and its pathways to man.

Human hair can be used as a biomonitor for evaluating mercury
intoxication of the human body, either by occupational or environmental
exposure.

Most studies deal with the determination of total mercury in biopsy
tissues such as hair, blood and urine, but recently it has become clear that it is
of utmost importance the determination also of methyl-mercury mainly in
populations that are exposed to contamination via food consumption*

Methyl-mercury enters the food chain by rapid diffusion and is bound
tightly to proteins, attaining its highest concentrations in fish, due to
biomagnification'".

In the present work, a study is being made of Indian populations living
in the Xingu Park, a reservation located in Central Brazil, in the Amazonic
region, where several Indian tribes have lived for many years. The Xingu Park
is at a considerable distance from the gold exploration sites of the Amazon
region and initially it was supposedly free of mercury contamination.

Analysis of total mercury in ten tribes living in the Park have been
already carried out and it has been shown that mercury contents in hair of the
Indians were several orders of magnitude higher than those of a control group,
contrary to what was originally expectedlsl.

In some of the groups of Indians whose hair contained higher amounts
of total mercury, also methyl-mercury was determined, since hair is
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considered as a good indicator for methyl-mercury and fish consumption is
very high among the Indian populations.

For the validation of the analytical methodology, the following
reference materials were analysed: IAEA MA-A-2/TM Fish Flesh
Homogenate; SHINR-HH GBW9101 Chinese Human Hair; IAEA-085 and
[AEA-086 Human Hair (Spiked Hair and Unspiked Hair).

EXPERIMENTAL

Collection and washing of hair samples

The hair samples were collected and washed according to the protocol
recommended by the IAEA. The samples were cut using stainless steel
scissors, from the occipital area of the head and as close as possible to the
scalp in an amount corresponding to about 2g.

The hair was then cut with the scissors into segments as short as
possible and transferred to a glass vial for washing with acetone. The samples
were covered completely with the solvent and stirred at frequent intervals for
10 min, and the solvent carefully decanted. After drying of the solvent at
room temperature, the hair was homogenized and washed three times with
distilled water. A final washing step with acetone was then carried out and the
samples were left to dry in the open, at this point being ready for analysis.

Determination of total mercury in hair and reference materials by
instrumental neutron activation analysis (INAA).

About 100-200 mg of the prepared hair samples and of the reference
materials (RMs) were weighed in clean Polyethylene envelopes and submitted
to a thermal neutron flux of about 10°° n.cm™ s, in the IEA-R] nuclear
research reactor, together with mercury standards.

After a decay period of about 70h, samples, RMs and mercury
standards were measured in a GMX 20195 ORTEC Ge detector, and
associated electronics.

For the calculations of mercury concentrations, the 69 and 77 keV
peaks of mHg (t;, = 64.1 h) were used, the gamma-ray spectra analysis being
performed by means of the VISPECT2 software, developed by D. Piccot,

from Saclay, France.
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Determination of total mercury and methyl-mercury in hair by cold
vapour atomic absorption spectroscopy

A part of the hair samples collected from the Indians of the Xingu Park
was sent to the Nuclear Chemistry Department of the Jozef Stefan Institute
(Ljubljana, Slovenia), for analysis of total mercury and methyl-mercury.

The method used for hair analysis is basically the technique described
by May et al'® which uses an anion exchange separation of extracted
inorganic from organic mercury species, followed by destruction of organic
species by UV irradiation, with the usual CV-AAS finish.

Total mercury in hair is determined by destruction of up to 100 mg of
hair with 2 ml conc. HNO; in a sealed tube by heating in a block for several
hours (or preferably overnight) at 90°C, followed by CV-AAS determination.

RESULTS AND DISCUSSION

In Tables I and II, are presented the results of analysis of total mercury
and methyl-mercury in the hair of the Indian groups living in the Xingu Park.

It can be immediately observed in Table I that the means and medians
for total mercury found in hair of all the 13 tribes analyzed were several
orders of magnitude higher than the controls. The results obtained by INAA
and CVAAS (Groups 1,2 , 9 e 10) are generally in good agreement between
themselves.

Table II, on the other hand, shows that methyl-mercury is in average of
87% of total mercury, if we compare the arithmetic means obtained.

These results suggest that the most probable source of contamination of
mercury in these populations is fish, since the consumption of fish by the
Indians is very high.

On the other hand, none of the hair samples present concentrations
exceeding the minimum threshold value for Me Hg poisoning of 50 ppm set
by the World Health Organization. Also it is important to note that the
individuals object of this study have not up to now shown symptoms of
mercury intoxication.

_ It would be essential, in continuation of the study, to analyze mercury
in some of the most consumed species of fish in the region of the Xingu Park,
as well as samples of blood and urine collected from the resident populations.
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TABLE I

SUMMARY OF THE RESULTS OBTAINED FOR TOTAL MERCURY
CONTENTS IN THE HAIR OF THE BRAZILIAN POPULATIONAL GROUPS

STUDIED.
POPULATIONAL - B

GROUP X S |MEDIAN| Xg | RANGE
CONTROLS 1.1 0.6 1.0 0.9 0.3-2.9
INDIAN GROUP 1* 18.5 59 18.0 17.1 | 6.9-343
INDIAN GROUP 1** 17.5 4.6 17.7 16.7 | 54-26.5
INDIAN GROUP 2* 12.0 4.0 10.7 11.4 | 6.5-21.6
INDIAN GROUP 2** 13.2 4.0 12.1 12.8 | 10.1-21.7
INDIAN GROUP 3 8.7 30 82 82 45-185
INDIAN GROUP 4 13.2 38 13.0 12.7 | 48-253
INDIAN GROUP 5 10.6 39 11.5 9.4 1.7-15.1
INDIAN GROUP 6 20.6 10.0 18.8 190 | 8.1-573
INDIAN GROUP 7 16.5 5.5 15.8 15.5 | 2.5-30.2
INDIAN GROUP 8 17.2 6.0 16.2 163 | 2.1-31.7
INDIAN GROUP 9* 21.8 6.1 20.8 21.0 |12.4-342
INDIAN GROUP 9** 17.7 4.1 16.6 17.3 | 10.9-25.0
INDIAN GROUP 10* 8.1 9.0 28 47 1.5-33.1
INDIAN GROUP 10** 47 58 24 3.2 1.5-26.1
INDIAN GROUP 11 18.2 7.8 16.2 16.7 | 5.5-41.8
INDIAN GROUP 12 12.2 3.1 12.5 11.8 | 6.6-18.8
INDIAN GROUP 13 3.6 24 2.6 3.1 1.2-11.1

* Results obtained by INAA
** Results obtained by CVAAS
TABLE I

SUMMARY OF THE RESULTS OBTAINED FOR METHYLMERCURY
CONTENTS IN THE HAIR OF
THE BRAZILIAN POPULATIONAL GROUPS STUDIED.

POPULATIONAL | _ -

GROUP X S |MEDIAN| Xg | RANGE
INDIAN GROUP 1 | 156 | 4.5 150 | 149 | 48-257
INDIANGROUP2 | 102 | 18 105 | 101 | 76-129
INDIAN GROUP9 | 159 | 3.9 15.1 155 | 10.0-237
INDIAN GROUP 10| 124 | 8.3 100 | 106 | 55-242
INDIAN GROUP 11| 169 | 7.0 142 | 155 | 44-328
INDIAN GROUP 12| 106 | 2.8 112 | 101 | 43-153
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