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Abstract

Mercury pollution, due to gold mining has spread through the Amazon ecosystem reaching the food chain and affecting the
indigenous people of the region. We studied the mercury contamination of 47 mothers and infants and the role of breast feeding
in indices of mercury body burden in both groups, by measuring hair and milk Hg levels. Total mercury concentration of breast
milk ranged from 0.0 to 24.8 (5.85, 5.2 S.D.) ng/g. Calculated levels of mercury exposure of breast fed babies indicated that 53%
were above tolerable daily intakes (0.5 mg/kg body weight) recommended for adults by WHO. Mercury concentration in maternal
hair was higher than in hair from breast-fed babies. Correlation analysis showed that mercury hair concentration in infants was
significantly affected by maternal mercury contamination during pregnancy, but not during the post-natal breast-feeding period.
The mercury concentration in milk was not significantly correlated with maternal or infant’s hair Hg. A statistically significant
correlation was found only between maternal and infant’s hair mercury concentration (r=0.675; P=0.0001). © 1998 Published
by Elsevier Science B.V. All rights reserved.
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1. Introduction

Gold mining has caused widespread pollution in the
Amazon Basin, and as a consequence, mercury con-
tamination is affecting the ecosystem and has reached
the native population through the food chain. Due to
the primitive method of using mercury to extract gold
through amalgamation, an enormous quantity of mer-
cury is dumped into the environment every year. It
has been estimated that 100–200 tons of metallic mer-
cury was employed by this primitive method of gold
mining between 1977 and 1992 (Pfeiffer et al., 1993).
After its release into the ecosystem, either directly into
the rivers during manipulation (20%) or as burnt va-
por after amalgamation (80%), the metal eventually
reaches the human population through the food chain.

Mercury enters the food chain directly, as metallic
precipitation in crops or after methylation in animals
and plants that serve as food for the indigenous peo-

ple. Mainly as methyl mercury it is bioconcentrated in
the fish which constitute the main protein source of
the indigenous people (Barbosa et al., 1995). Fish is an
obligatory item in the diet of the native population. It
is consumed daily and, among the poor families, in-
take can reach 150.6 g/day providing 36.7% of the
daily protein ingestion (Giugliano et al., 1978). The
regular consumption of fish by the inhabitants in the
Amazon ecosystem contributes to the high levels of
contamination found among vulnerable groups (Bar-
bosa et al., 1997). The mercury concentration of edible
fish caught in the Amazon Basin varies, depending on
the trophic position of the fish species. Concentrations
of Hg\500 ng/g wet weight were reported in 47% of
edible fish samples from Madeira River (Barbosa et
al., 1995). Once ingested, mercury gains access to hair
mainly as methylmercury. Scalp hair is widely used for
monitoring the Hg body burden and its sensitivity to
the dietary influence of contaminated fish is known
and demonstrated during pregnancy (Oskarsson et al.,
1994).* Corresponding author. Fax: +55 61 3685853.
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Fig. 1. Map of Amazon Basin showing sampling site.

Breast-feeding among the riparian population is
prolonged beyond the first year, usually only inter-
rupted by pregnancy. More than 55% of lactating
mothers reported breast feeding up to 2 years
(Giugliano et al., 1978). While aquatic mammals in
the Amazonian ecosystem such as Inia geoffrensis
(‘boto vermelho’) have shown very high levels (176
ng/ml) of Hg concentration in their milk (Rosas and
Lehti, 1996) no information exists as to the mercury
concentration of human milk from Amazonian moth-
ers exposed to such high levels of mercury intake.
The toxic effect of Hg poisoning is well known,
especially after the environmental disaster of Mina-
mata and several accidental poisonings due to the
use of mercury pesticides in agriculture (Koos and
Longo, 1976), but its adverse effect on the newborn
through lactation has not yet been fully evaluated
(Kacew, 1994). Human exposure to mercury, either
elemental, in the workplace, or as methylmercury
consumed with contaminated food, has provided evi-
dence of an exposure related effect (Ratcliffe et al.,
1996).

The preoccupation with environmental damage
caused by gold mining has prompted us to join ef-
forts in studying health related issues in the indige-
nous population of the Amazon Basin. In this study,
we focus on the extent of mercury contamination of
breast milk and its relationship with mercury body
burden of mothers and infants.

2. Materials and methods

2.1. Sampling

The subjects for this study were 47 women and their
breast-fed infants ranging from 0.5 to 15 months of age.
The women and infants lived along the Madeira River
in isolated houses or in very small communities at various
locations (Fig. 1). Population density in the Madeira
River is only 0.26 inhabitants/km2 (Giugliano et al.,
1978). The area was selected due to the length of time
that important gold mining sites have been operating in
the area. Mining operations in the Madeira River region
date back to the 1980s.

Milk was collected from lactating mothers by manual
expression into acid washed flasks. The milk samples
were properly identified and stored under refrigeration
before being taken to the laboratory for freezing until
analyzed. Hair was sampled from occipital area of both
mothers and infants. The hair was cut close to the scalp
with stainless steel scissors, bundled together with cotton
thread, and placed in an envelope properly identified. All
samples were taken to the Laboratory of Environmental
Chemistry at the University of Brasilia.

All glassware was washed clean, rinsed consecutively
with KOH, distilled and deionized water, and left to rest
in 50% HNO3 for 24 h and again rinsed with distilled and
deionized water, and then dried at 150°C for 12 h.
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2.2. Hair and milk analysis

The hair samples were comminuted with stainless
steel scissors, weighed, and digested before analysis.
The method of Magos and Clarkson (1972) using alka-
line digestion was employed as described by Barbosa et
al. (1995). To a known weight of 10–20 mg samples of
hair 1.0 ml of cystine 8.3 mM l−1 was added along with
2.0 ml of NaOH 11.3 M l−1 at 90–95°C for 15 min.
Care was taken to avoid boiling. The digests were
cooled in an ice bath and left to stand until they
reached room temperature. They were then diluted with
7.0 ml of NaCl 171 mM.l−1. The weight of the digests
was registered.

For the milk analysis an aliquot of 3 ml was used
after a thorough homogenization of the sample. This
aliquot was mixed with 10 ml of a concentrated solu-
tion of sulfuric and nitric acid (1:1) and left to rest at
room temperature for 30 min. The sample was then
digested under reflux at 100°C for 2 h. The digestion
was completed after addition of 2 ml of H2O2 under
100°C for 1 h. The digests were left to cool at room
temperature diluted to 50 ml volume and read.

2.3. Mercury determination

The determination of mercury in both milk and hair
samples was performed by cold vapor atomic absorp-
tion spectrometry (CV-AAS). The instrument used was
a Mercury Monitor LDC Analytical, model 1255
(LDC, Riviera Beach, FL) connected to a multimeter
HP model 3435 (Hewlet Packard, Palo Alto, USA) and
a Neptune Dyna Pump (Magnetek Universal Electric,
USA).

For the inorganic determination of mercury in hair a
1.0 ml aliquot was transferred to the reaction vessel and
1.0 ml of cysteine 8.3 mM.l−1, 20 ml NaCl 171 mM.l−1,
10 ml of H2SO4 8.0 M.l−1, 1.0 ml of SnCl2 (10%) in
H2SO4 8.0 M.l−1, 20 ml of NaOH 13.3 M.l−1 were
added respectively. The reaction produces a vapor that
passes through a water solution of tri-n-butil-phosphate
in a Malksorb tube immersed in ice next to the absorp-
tion chamber where the absorption reading takes place.

The method of Magos and Clarkson (1972) allows
selective determination of organic mercury. The addi-
tion of cadmium chloride to the reducing agent, stan-
nous chloride, breaks the C–Hg bonds and reduces
mercury for the determination of total mercury. The
concentration of organic mercury is determined by
difference.

To secure precision in the mercury determinations,
each set of samples was analyzed with blanks and
recovery tests were performed by adding standard solu-
tions of mercury to hair homogenates. The accuracy of
mercury determinations was checked by analysis of
reference hair material provided by the Hair Mercury-

Interlaboratory Comparison Program, Ottawa, On-
tario, Canada. As part of this calibration program
started in 1992, our results so far (1996) have been
considered acceptable. Out of 27 samples analyzed 25
(93%) gave results within 2 S.D. and 18 (67%) within 1
S.D. of the corrected mean. During the analysis of
samples (1994), 100% of the hair samples provided by
the Program gave results of high quality data, i.e. out
of nine samples seven were within 1 S.D. and three
within 2 S.D.

2.4. Statistical analysis

Data summarization as well as linear correlation
between Hg concentration in milk and hair variables
were studied by linear regression SAS procedures
(Statistical Analysis System, North Carolina). PB0.05
was considered statistically significant.

3. Results

The concentrations of mercury in human milk, and
in hair of mothers and respective breast fed babies are
shown in Table 1. A summary of Hg concentration in
breast milk from different parts of the world is pre-
sented in Table 2.

Plots of concentration of mercury in milk and in
maternal and infants’ hair are shown in Figs. 2–4 along
with respective correlation coefficients. Only maternal
and infant’s hair mercury were significantly (PB
0.0001) correlated (Fig. 2).

4. Discussion

There was a wide variation in mercury concentration
in milk, as well as in the indices of mercury body
burden (Table 1). When comparing our results with
literature it should be noted that the data for Iraq
(Bakir et al., 1973; Amin-Zaki et al., 1980) represent
accidental poisoning from consumption of bread made

Table 1
Mercury concentrations in breast milk, and in hair of mothers and
infants living in the Madeira River region, Amazon Basin

Hair (mg/g)Breast milk Infant’s
Age (months)(ng/g)

InfantMaternal

1647n 3737
5.8 14.3Mean 9.8 5.7

Median 5.2 14.4 8.2 6.0
7.38.2 4.95.9S.D.

0–24.8 2.0–37.2 1.4–34.2 0.5–15.0Range
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Table 2
Summary of concentrations of total mercury in human milk from different parts of the world

Country Sample size Concentration (ng/ml)Reference

Mean Range

5.85a47Brazil 0–24.8This study
Bakir et al., 1973 10–200eIraq

11 0.8Westoo, 1973 Sweden 0.3–1.6
7.6Eskimo coastalGalster, 1976
3.2Eskimo interior
0.9 0.8–1.6Pitkin et al., 1976 USA 32

30 3.6Fujita and Takabatake, 1977 Japan 0.4–9.8
18 — 5–160fIraqAmin-Zaki et al., 1980

9.5 0.9–19.0Baluja et al., 1982 Spain 20
0.16–5.01.6a29YugoslaviaKosta et al., 1983

5.5bSchramel et al., 1988 Germany 9
2.015

15 3.1aSkerfving, 1988 Sweden 0.2–6.3
33 1.6–52.513.9ItalyPaccagnella and Riolfatti, 1989

1.56 0.0–13.8WHO, 1989 Guatemala 84
1.43 0.0–10.9Hungary 71

18 2.15Nigeria 0.9–48.0
65 1.71 0.0–11.9Philippines

3.34 1.0–7.74Sweden 32
0.6–257.12.6669Zaire

1.9Klemann et al., 1990 Germany 86
N.D.Plockinger et al., 1993 Austria 51

88 2.45Grandjean et al., 1995 Faroe Islands 1.0–8.7
30 0.6a 0.1–2.0Sweden, NorthOskarsson et al., 1996
33 0.24cVimy et al., 1997 Canada
6 0.15d

a ng/g.
b Colostrum.
c Amalgam fillings.
d Controls.
e Organic mercury estimated from plot.
f Estimated from plot.
N.D., not detected.

from wheat that had been treated with mercurial pesti-
cide. In this situation, methyl mercury in milk (which
represents 61% of total) reached 200 ng/ml (Bakir et al.,
1973). The mean concentrations of Hg in milk of
different countries ranged from 0 to 13.9 ng/g. Results
of our study are among the highest found, being ex-
ceeded only by coastal Eskimos (Galster, 1976),
Spanish (Baluja et al., 1982), and Italian mothers
(Paccagnella and Riolfatti, 1989). In our study, as well
as in others, the Hg in milk was mainly a result of
environmental exposure to Hg in food, especially in
fish. This is consistent with results from a previous
finding in the Amazon Basin also showing women with
comparatively high values of hair mercury (Barbosa et
al., 1998).

The concentration of hair mercury of mothers was
always higher than in infants. Although some studies
have showed significant correlation between mercury in
blood and milk (Skerfving, 1988; Oskarsson et al.,
1996), and between mercury in blood and hair of

lactating mothers (Oskarsson et al., 1996), none have
studied the relationship of mercury in breast milk and
in maternal or infant’s hair.

Due to the long duration of breast feeding practiced
by the riparian population the amount of Hg consumed
by the breast fed infant can be substantial. For compar-
ative purposes we used the mean data of WHO (1985)
for breast milk production (600 ml/day) and infant’s
body weight (5.46 kg) at 3 months. The mean concen-
tration of Hg in breast milk of this study would give an
exposure of 0.64 mg/kg body weight. This level of
exposure is superior to the 0.5 mg/kg of body weight
recommended for adults (WHO/FAO, 1989). Overall,
53% (25/47) of milk samples showed calculated expo-
sures superior to the reference dose (WHO/FAO, 1989).
Based on similar calculations with data for Swedish
mothers i.e. 1000 ml/day and infants intake of 150 g/kg
body weight, Oskarsson et al. (1996) reported that the
highest observed daily exposure of mercury was in the
order of 0.3 g/kg body weight/day, whereas Grandjean
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et al. (1995) in Faroe Islands reported only three sam-
ples above the WHO recommended limits. In Italy
Paccagnella and Riolfatti (1989) found 66% of samples
above the recommended levels.

The indices of body burden in the infants was not
significantly correlated with milk Hg but with maternal
hair mercury, thus indicating that the mercury trans-
ferred through placenta is more important than via
milk, even in such prolonged breast feeding (1.5 years).
Indeed, in another study we found mean changes of 10
to 20% of body burden of mercury (Barbosa et al.,
1998) during the second and third semester of preg-
nancy respectively. Such results are supported by ani-
mal data. In hamsters injected with labeled Hg,
Nordenhall et al. (1995) found that the labeled dose
appearing in the litter 11% of it was from via placenta
while only 1.7% was due to transfer via milk.

The mercury contamination of the food chain is
starting to reach alarming proportions. Published litera-
ture covering 1672 indigenous people, of all age groups,
in ten locations from three different states in the Brazil-
ian Amazon ecosystem has reported mean ranges of
mercury concentration in hair from 8.7 to 75.5 mg/g
(Barbosa et al., 1998). In vulnerable groups, such as
women of reproductive age, the mean values in the
Amazon Basin is one of the highest in the world,
excluding overt disaster areas (Barbosa et al., 1998).
The toxic effects, however, have not yet been thor-
oughly investigated. Although cytotoxic effects have
not been found (Ferrari et al., 1992), clinical signs
indicating mercury toxicity from occupational and envi-
ronmental exposure are starting to appear in the litera-
ture (Branches et al., 1993). Neurological alterations
from environmental contamination, i.e. fish consump-
tion, have been reported for Hg hair concentrations of
5.6 to 38.4 mg/g (Lebel et al., 1996). In spite of direct
exposure to mercury contamination during gold min-
ing, the level of mercury in hair in the native popula-
tion is due, mainly, to consumption of mercury
contaminated food, especially fish (Barbosa et al.,
1995).

The maternal diet of the riparian population of the
Amazonian ecosystem which have a high exposure of
mercury, is contaminating the infants in utero and, to a
lesser extent, during prolonged lactation. The mercury
concentration found in mothers and infants’ hair was
high and breast milk concentration was among the
highest in the investigated literature.
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