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Abstract Mercury pollution (MeHg) up the aquatic food chains in the Amazonian ecosystems
has been a major concern in environmental health. Riverside people (ribeirinhos) along the Upper Madeira river are heavy fish eaters. Hair is the best biomarker for MeHg exposure. By assuming a constant hair growth rate, it is possible to evaluate a temporal profile of Hg exposure over
the recent defined past. In this paper we present the segmental total hair Hg concentrations from
a single family from which some of the 10 persons investigated had high hair Hg concentrations
(peak of 339 ppm). We also presented the hair MeHg content from 4 out of the 10 family members
investigated. There was a wide variation in total hair Hg concentrations (8 to 339 ppm) among
these individuals, who were mostly sharing their meals; there was also a wide variation in total
Hg concentrations in the same individual over time (136 to 274 ppm). Hg speciation showed a
mean and standard deviation in the MeHg content of 62% and 6%, respectively. The wide variation in total hair Hg concentration strongly indicated that it is possible to mitigate critical Hg
exposure levels by conducting a fish advisory.
Key words Mercury; Mercury Poisoning; Fishes; Exposed Population
Resumo A poluição por mercúrio orgânico (MeHg) das cadeias alimentares aquáticas nos ecossistemas amazônicos constitui tema de relevância na saúde ambiental. O MeHg pode chegar às
populações humanas mediante o consumo de peixe. Os ribeirinhos do Alto Madeira consomem
grandes quantidades de peixe. O cabelo é o melhor biomarcador para exposição ao MeHg; é possível também assumir uma taxa constante de crescimento do cabelo, para verificar o comportamento das exposições no passado recente. Neste trabalho apresentamos as concentrações de Hg
total (máxima de 339 ppm) em segmentos de 3 cm de cabelo de dez pessoas de uma única família. Apresentamos também os percentuais de MeHg nas amostras de cabelo de quatro pessoas,
dentre as dez em estudo. Nessa família, foi observada uma grande variação na concentração de
Hg total (8 a 339 ppm) no cabelo de pessoas que repartiam suas refeições no mesmo domicílio.
Foi também observada uma grande variação de Hg total (136 a 274 ppm) nos diversos segmentos
de cabelo da mesma pessoa. A especiação de Hg mostrou média e desvio padrão do conteúdo de
MeHg de 62% e 6%, respectivamente. As variações das concentrações de Hg em cabelo sugerem
ser possível prevenir exposições críticas através de recomendações de consumo de peixe.
Palavras-chave Mercúrio; Intoxicação por Mercúrio; Peixes; População Exposta
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Introduction
Mercury (Hg) pollution in the Amazonian
ecosystems is a major environmental health
concern. Hg sources have probably been a
combination of soil erosion, gold mining, and
forest fires (Roulet et al., 1999). The local Hg cycle includes its organification and subsequent
bioaccumulation up the aquatic food chain.
Fish may be the main source of organic mercury (mostly methyl mercury – MeHg) exposure for humans (IPCS, 1990). Fish consumption is an important feature in the lives of
riverside people communities in the Amazon
(Goulding, 1980; Moran, 1990). Riverside people along the Upper Madeira basin may thus be
exposed to critical MeHg levels through fish
consumption (Boischio & Henshel, 1996).
Hair is the best biomarker for MeHg exposure, because hair contains the -SH protein
groups for which MeHg cations have high affinity. MeHg is bound to hair strands at the time
of hair formation in proportion to the MeHg
concentration in blood. Once bound to the
hair, MeHg concentration remains constant.
Hair MeHg measurement is useful because by
assuming a constant rate of hair growth (average 1 cm per month), it is possible to recapitulate a temporal profile of MeHg exposure over
the recent defined past. To do so one must analyze Hg in segments of hair measured from the
scalp portion (Clarkson et al., 1988).
Critical hair MeHg levels associated with
clinical symptoms are different for adult and
prenatal life. Observations during the Iraq epidemic showed that adults increased their risk
of developing numbness in the fingers at hair
Hg concentrations in the range of 50 to 125
ppm. Other clinical symptoms (including impairment of gait, speech, and hearing) and
death were observed at hair Hg concentrations
in the range of 200 to 1,500 ppm (Clarkson,
1997). From studies among Amazonian riverside people, Lebel et al. (1996) concluded that
the test battery used for sensorial and motor
performance was useful for detecting subtle
adverse effects on the nervous system when
hair Hg levels were below 50 ppm.
Infants exposed to high maternal Hg levels
may present neurological disorders resembling
cerebral palsy, including microcephaly, hyperreflexia, gross motor and mental impairments,
blindness, and deafness. Low maternal MeHg
levels may be associated with subtle developmental symptoms, such as persistence of perinatal reflexes, delays in walking and talking,
and impairment of cognitive achievements
(IPCS, 1990).
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Whether maternal MeHg levels in the range
of 10 to 20 ppm may be associated with such
subtle developmental and cognitive adverse effects in children is a current concern. In the
Seychelles Islands (Indian Ocean), a cohort
study of 711 mother-child pairs indicated that
maternal Hg exposure during pregnancy (mean
hair Hg of 7 ppm) was not associated with alterations in childhood development (when children were tested up to 66 months old). Mean
hair Hg concentration among children was 6
ppm (Davidson et al., 1998). In contrast, in the
Faroe Islands (North Atlantic Ocean), a cohort
study of 917 pairs of mothers (with geometric
mean hair Hg of 4 ppm at time of childbirth)
and their children (current geometric mean
hair Hg of 3 ppm), indicated that some adverse
health effects were occurring in children when
they were tested at 7 years old (Grandjean et
al., 1997).

Riverside people along
the Upper Madeira river
Mercury exposure through fish consumption
among riverside people along the Upper Madeira Basin has been investigated by analyzing
Hg results of biological samples (fish and hair)
and information (demography, diet, and fertility) from field work conducted in 1991 and 1993
(Boischio, 1996). Total hair Hg concentration
from samples collected in 1991 from 237 individuals presented a log-normal distribution,
in which some 56% of the population (134 individuals) had total hair Hg concentrations
above 10 ppm, and around 23% (54 individuals) had total hair Hg concentrations above 20
ppm, with a peak of 303 ppm. The mean total
hair Hg concentration of 237 persons was 17
ppm (Boischio & Barbosa, 1993; Boischio et
al., 1995). Risk assessment of this population
strongly indicated that prenatal life may be
threatened by the developmental effects of Hg
exposure (Boischio & Henshel, 1996). These Hg
analyses were performed in the whole hair
length available, which was in the range of 2 to
54 cm. Differently, from the hair samples collected in 1993, segmental hair Hg concentrations were used to evaluate maternal exposure
during pregnancy and breastfeeding, which
were compared to infant hair Hg concentrations among 12 mother-infant pairs (Boischio
& Cernichiari, 1998). For a larger data set of
mothers and infants (120 pairs), linear regression models were developed to predict infant
Hg exposure according to maternal hair Hg exposure (Boischio & Henshel, in press-a).

SEGMENTAL HAIR MERCURY EVALUATION

In this paper we present the total Hg concentrations in 3-cm hair segments from 10 individuals (out of the 237 sampled in 1991) who
were living in the same household and mostly
sharing their fish meals (Boischio & Cernichiari, 1999). MeHg hair content was analyzed
in 4 of these 10 individuals. Our previous data
had shown that members of this particular
family had a broad variation in total hair Hg
concentration, from 7 to 303 ppm (Boischio &
Barbosa, 1993). Most of the hair segments analyzed herein were formed during the 6 to 12
months prior to September 1991, when the hair
samples were collected; the mother had very
long hair, with the distal segment formed in
December 1987 (Figure 1a).

Methods
These hair samples were collected during the
field work conducted in 1991 (Boischio & Barbosa, 1993; Boischio et al., 1995). Hair samples
were cut from the scalp in the occipital area,
using a hemostat to keep the strands aligned.
Total Hg concentrations were measured in hair
segments of 3 cm. Each segment thus corresponded to a period of approximately 3 months
of Hg exposure.
Hair analysis for total Hg and Hg speciation
of the results discussed in this paper was con-

ducted at the Analytical Facility of the Environmental Health Sciences Center of the University of Rochester (Elsa Cernichiari) by cold vapor
atomic absorption according to Magos & Clarkson (1972) and Cernichiari et al. (1995). This
Facility routinely implements quality control
procedures to ensure accuracy of the analytical
results. Internal Quality Control was achieved
by use of the Human Hair Reference Material
from the Commission of the European Communities. The reference sample has a certified
value of 12.3 ± 0.5 ppm. The results of 20 laboratory determinations showed a mean of 12.35
± 0.6 ppm. External Quality Control was also
achieved by participation in a Hair Mercury Inter-Laboratory Comparison Program conducted by the Medical Services Branch, Ottawa,
Canada. Since 1988, 98% of the samples received for total Hg determination and 100% of
the samples received for determination of inorganic Hg were within two standard deviations of the target value.

Results
Peak total Hg concentration in the hair segments was 339 ppm (Figure 1a). Gender and
age distribution of high and low total Hg results displayed no apparent pattern. Segmental
total Hg results elucidated different variations

Figure 1a
Hg in hair segments of 3 cm, analysed from 10 individuals of a single family along the Upper Madeira Basin, Amazon.
December 1987 to September 1991.
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of total hair Hg in the same person over time.
For example, cases 3, 4, 8, and 10 had very narrow variations in their total hair Hg concentration below 31 ppm, whereas cases 2, 5, 6, 7, and
9 had wide variations over time, concentrations above 50 ppm.
Hg speciation was measured in 18 hair
samples of 4 persons. Mean MeHg content and
standard deviation were 62% and 6%, respectively, within the range of 50 to 74% (Figure 1b).
In comparison, Hg speciation conducted in a
total of 144 hair samples collected in 1991
showed mean and standard deviation of 82%
and 11%, respectively, within the range of 42%
to 100%. We learned that the two persons with
MeHg content below 50% had been involved
previously in gold mining, including burning
the amalgam (Boischio, 1996).
Figure 1b shows the variation in the percentage of hair MeHg content among different
individuals and in the same individual over
time. Note that even the low MeHg content of
54% (case 5) meant a MeHg hair level of 184
ppm, which strongly indicated a very high level
of MeHg exposure through fish consumption.
This is probably a consequence of high Hg pollution up this aquatic food chain (Boischio &
Henshel, in press-b).

Figure 1b
MeHg content in hair segments of 3 cm, analysed from 4 individuals of a single
family along the Upper Madeira Basin, Amazon.
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Discussion
Wide variation in total hair Hg concentration
among riverside people in the Amazon has
been observed previously. For example, among
inhabitants along the Tapajós river, Akagi et al.
(1994) observed total hair Hg concentrations in
the range of 1 to 151 ppm, with mean MeHg
content above 80%. These authors also investigated Hg concentrations in hair segments of
1.5 cm. The widest Hg variation over time in
the same individual was in the range of some
30 to 60 ppm. Lebel et al. (1997) observed a lognormal distribution of total hair Hg concentrations in the range of 1 to 142 ppm among riverside people in Brasilia Legal, a community on
the Tapajós river. Mean MeHg content was
around 90%. Among the Brasilia Legal population, mean segmental (1 cm) total hair Hg concentration in 26 women varied seasonally from
around 11 to 15 ppm. In the Madeira river region, Malm et al. (1998) found a total hair Hg
concentration in the range of 0 to 71 ppm.
For this particular family, one reason for
these very high hair Hg concentrations may be
the fact that the household was located next to
the lake from which most of the fish species
collected were heavily contaminated. The peak
fish Hg concentration of 11 ppm (out of 576
fish samples) from an Aruana specimen (Osteoglossum bicirrhosum) was from that lake.
Fish Hg concentration has been observed to be
strongly influenced by the trophic level (Boischio et al., 1995; Lebet et al., 1997; Boischio &
Henshel, in press-b). Therefore, consumption
of different fish species may present a very
wide range of Hg exposure. Wide variation of
total hair Hg concentrations among these
members of the same household was probably
related to individual fish consumption patterns. There was a wide variety of fish species
available for consumption in this study area.
For example, there were 40 fish species listed
in our dietary questionnaire. During the field
work, we observed that up to 7 different fish
species were included in the same fish meal
(Boischio, 1996; Boischio & Henshel, in pressb). Individual preferences and family priorities
in fish consumption, among other factors,
may explain the fact that people sharing the
same meals consisting of many different fish
species may have different Hg exposure levels.
This is highly relevant for fish advisories.
The observed results on wide variation of
total hair Hg concentrations support a policy
recommendation that a fish advisory be targeted to this population to mitigate the risks of
critical Hg exposures. Riverside people, who
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are highly familiar with fish ecology, must also
be informed about the fate of Hg up the food
chain. In addition, information about the toxicological risks of Hg ingestion must be provided to these people in order for them to make
responsible decisions concerning their Hg exposure.
The fish advisory must be conducted from
a gender perspective, given that fishing and
fish consumption are subject to gender distribution. Men generally go fishing, while women
do the cooking. The wide variety of fish species
available for consumption, sometimes in a single meal, strongly indicates that women may
be influential in making decisions about Hg
risks in fish consumption. In addition, pregnant women must be a target by the fish advisory, since the fetus is extremely vulnerable to
Hg effects. The fish advisory should also be
based on their fish consumption patterns, along
with the perception and preferences of fish in
their meals (Boischio & Henshel, in press-b).
Based on the hair Hg results of the Madeira
river population, it is strongly recommended
that neurobehavioral tests be conducted to
evaluate the potential consequences of prior
and current Hg exposure (Boischio & Henshel,
in press-a).
The mean MeHg content of 62% observed
among this family was relatively lower than the

hair MeHg content (of 80% and 90%) observed
in other studies mentioned above (Akagi et
al., 1994; Lebel et al., 1997). Fish was the main
route of Hg exposure in this family, but there
were other sources of Hg exposure as well. For
example, inorganic Hg could be present through
atmospheric deposition of Hg released from
gold mining. Inorganic Hg could also have
been released through soil erosion (Roulet et
al., 1999) and deposited on local crops, especially manioc, which is used for flour production. In addition, this family might be using
the same rug at home that was used during
their gold mining work, where it was used to
retain the mercury-gold amalgam from the
bottom sediments. The rug at home could thus
serve as an additional source of inorganic Hg
exposure.
This particular family was revisited in 1993,
and members were asked about the health effects of MeHg poisoning: numb fingers, impaired gait, speech, and hearing, and narrowing of the visual field. None of them reported
any positive symptoms. Total hair Hg results
from 8 of these 10 individuals were investigated again in 1993. In terms of hair Hg levels, in
1991, the mean and standard deviation were 84
and 88 ppm, respectively. To compare, mean
and standard deviation in 1993 were 10 and 2
ppm, respectively.
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