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Introduction

Gold mining increased markedly in many devel-
oping countries in the last quarter of the 20th cen-
tury, following fluctuations in gold prices on the 
world market. In almost all the countries in the 
Amazon basin, mercury (Hg) was used in the gold 
extraction process. Concerns regarding mercury 
contamination in the Amazon Basin were first 
raised in the early 1980s, when studies empha-
sized that significant amounts of the metal were 
being dumped into the Amazonian ecosystem as 
a result of this “gold rush” 1,2,3,4,5,6,7,8,9.

Studies have shown that the metallic mercu-
ry released in aquatic systems or into the atmo-
sphere can be oxidized to Hg2+ and later convert-
ed to methylmercury by various mechanisms, 
mostly bacteria-mediated reactions 10. Fat solu-
bility of mercury compounds means that higher 
predators present the greatest Hg levels, due to 
biomagnification along the food chain 11,12,13. 
Consumption of aquatic organisms contaminat-
ed with mercury is the main exposure route for 
humans 14,15,16.

High mercury levels were found in the Bra-
zilian Amazon ecosystems, attributed initially to 
gold mining activities only 17,18,19,20,21. However, 
some authors later suggested that Amazonian 
soils have high natural mercury concentrations 
that could explain the Hg levels measured in 
fish and humans in the region 22,23,24. Other au-
thors hypothesized that atmospheric transport 
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Abstract

This article provides an overview of research on 
mercury contamination in the Amazon Basin 
and its evolution from 1990 to 2005. The assess-
ment was based on an extensive and system-
atic review using bibliographic databases avail-
able online and a review of projects by research 
groups. Brazilian research groups were identi-
fied using the database of the Brazilian National 
Research Council (CNPq). A geographic infor-
mation system was used to determine the loca-
tion of the studies. Different aspects of mercury 
contamination were evaluated (environmental 
studies, impacts on human health, technologi-
cal improvements). For 1990-2005, a total of 455 
publications were identified. The main advances 
and remaining gaps in relation to environmen-
tal issues and human health were identified and 
discussed. Although the scientific output varied 
considerably over the period, there was a general 
increase in the total number of publications per 
year from the early 1990s (fewer than 20) un-
til 2005 (more than 30), considering the articles 
published in indexed journals.

Mercury Poisoning; Environmental Pollution; 
Mercury; Amazonian Ecosystem

An overview of mercury contamination research 
in the Amazon basin with an emphasis on Brazil

Uma revisão das pesquisas sobre contaminação 
por mercúrio na Amazônia com ênfase 
no território brasileiro
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of anthropogenic mercury might account for the 
widespread contamination of the Amazon basin 
25,26,27,28. In addition, deforestation for cattle-rais-
ing and agriculture occurred at high rates since 
the early 1970s, increasing the soil erosion and 
probably contributing directly (and indirectly) to 
mercury dispersion. Moreover, large reservoirs 
formed for hydroelectric power generation in the 
Brazilian Amazon favored mercury mobilization 
and methylmercury production 29,30. Whatever 
the main source of mercury emission in the Ama-
zon basin, these studies suggested a large varia-
tion in background mercury concentrations and/
or a large-scale transport of mercury throughout 
the region.

Despite the good available documentation 
on contamination of the biota, sediments, soils, 
and some local populations (especially riparian 
communities) in the Amazon, mercury sources 
and sinks in the Brazilian Amazon are not well es-
tablished, and a full understanding of the metal’s 
biogeochemical cycle is still not available. Some 
Amazonian riverine populations have high hair 
mercury levels, attributed to a diet based on fish, 
the main source of protein 31,32,33,34,35,36,37,38,39,40. 
Current international efforts (UNIDO, IBRD, 
USEPA) to lower mercury emissions or replace 
mercury with harmless substances are expect-
ed to reduce methylmercury accumulation in 
aquatic ecosystems. However, given the amount 
of mercury already present in the Amazon eco-
system and its persistency, this approach must be 
viewed as a long-term mitigation plan.

Mercury has been recognized as a significant 
public health problem for more than 40 years, 
due mainly to its effects on the developing ner-
vous system, as expressed in the tragic cases of 
human poisoning in Japan and Iraq. The effects 
included mental retardation, cerebral palsy, 
deafness, blindness, and dysarthria in individu-
als who were exposed in uterus, and sensory and 
motor impairment in exposed adults. Chronic 
low-dose prenatal methylmercury exposure from 
maternal consumption of fish has been associ-
ated with more subtle endpoints of neurotoxicity 
in children 41,42,43,44,45,46. There is also evidence 
in humans and animals that exposure to methyl-
mercury can lead to adverse effects on the devel-
oping and adult cardiovascular system 47,48.

Many researchers have observed that there 
is no noticeable acute sign of contamination in 
humans in the Amazon basin. However, a few re-
searchers have analyzed the neurological effects 
of low mercury exposure. Lebel et al. 49 applied 
neurobehavioral tests to a group of residents 
along the Tapajós River whose sole source of mer-
cury was through consumption of contaminated 
food. The authors suggest a risk of neurological 

disorders, and that some neurotoxic alterations 
of motor functions can be detected even below 
the threshold value of 50ppm in hair set by the 
World Health Organization 46. However, the ef-
fects on humans, especially neurotoxicity in tra-
ditional populations, remain to be understood, 
as do the ecological impacts of methylmercury 
on Amazonian wildlife.

This paper presents a literature review on 
mercury contamination in the Amazon Basin and 
its evolution over time. The assessment is based 
on an extensive and systematic review of research 
projects and scientific data produced from 1990 
to 2005. It includes dissertations, theses, articles, 
reports, and books. Various aspects (e.g. environ-
mental surveys, impacts on human health, tech-
nological improvements, etc.) were surveyed and 
analyzed. The evolution in approaches used in 
the studies was also reviewed. The main achieve-
ments and remaining gaps in knowledge on envi-
ronmental issues and health impacts on humans 
were identified and discussed.

Methodology

A systematic and extensive review of electron-
ic databases was performed using specific key 
words to identify studies on mercury contamina-
tion in the Amazon basin, from 1990 to 2005. Re-
searchers and research groups involved in this is-
sue were also identified and organized as a func-
tion of different aspects of their work, including 
topics, methodologies, and geographic location. 
Searches were conducted in Spanish, English, 
and Portuguese in the following bibliographic 
databases available on the Internet: (1) PubMed 
(http://www.ncbi.nlm.nih.gov/entrez/query.
fcgi); (2) U.S. National Library of Medicine Gate-
way (http://gateway.nlm.nih.gov/gw/Cmd); (3) 
MEDLINE (http://medlineplus.gov); (4) Web of 
Science database from the ISI Web of Knowledge 
website (http://go5.isiknowlwdge.com/portal.
cgi/); (5) LILACS – Latin America and Caribbean 
Health Sciences (http://bases.bireme.br/cgi-
bin/wxislind.exe/iah/online/?IsisScript=iah.
is7base=LILACS&lang=p); and (6) Periódicos 
CAPES website (http://www.periodicos.capes.
gov.br).

The collected data were filtered and organized 
to answer four main questions: (1) Who has been 
conducting research on mercury contamination 
in the Amazon basin? (2) Where have the stud-
ies been conducted? (3) In which journals have 
the results been published? and (4) What types of 
studies have been performed?

A geographic information system (GIS) was 
used to answer question 2. If geographic coor-
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dinates were available, they were recorded; oth-
erwise, a complex geocoding strategy was car-
ried out to recover the locations mentioned. We 
verified the correct position of these sites by pin-
pointing them on a digital map, which contained 
reference layers such as rivers, cities, villages, 
indigenous communities and reserves, and mu-
nicipal (or county) limits. If the description of the 
research site differed from that verified, a sec-
ond strategy was applied, consisting of retrieving 
maps published in the selected articles. The maps 
allowed recognizing topographic references like 
rivers, lakes, and villages and pinpointing the site 
on the reference map. A third strategy consisted 
of collecting place names cited as the research 
sites and identifying their coordinates using da-
tabases like the list of municipalities (counties) 
and villages in Brazil (Instituto Brasileiro de Geo-
grafia e Estatística; http://www.ibge.gov.br) and 
Internet location gazetteers (Multimap – http://
www.multimap.com; Maplandia – http://www.
maplandia.com). Finally, the fourth strategy 
identified the names of rivers and lakes cited in 
the paper on the reference digital map. Since riv-
ers are often used as the main form of access 
to fieldwork in the Amazon and also represent 
the main transportation and cycling pathway for 
mercury, these waterways are frequently cited 
in the publications. Since all these spatial units 
have large dimensions in the Amazon (e.g. riv-
ers more than 1,000km long and municipalities 
larger than 100,000km2), a combination of strat-
egies employed, for example, by searching for 
the confluence of rivers or a site on river A 120km 
downstream from city B. Using this procedure, 
the positioning error of some sites is estimated 
at 30km, which is compatible with the original 
scale of the reference map (1:10,000,000).

In order to establish the profile of the re-
search groups and individual researchers work-
ing in the Amazon, specific Brazilian databases 
like the Brazilian Directory of Research Groups 
of the National Research Council (CNPq; http://
lattes.cnpq.br) and PROSSIGA from the Ministry 
of Science and Technology (http://prossiga.ibict.
br) were also analyzed.

The CNPq censuses of research groups were 
started in 1992 and now include most active 
Brazilian researchers 50. These databases list the 
researchers, staff, and students in each group, 
their respective research subjects, and the main 
scientific area. Key words were used to identify 
research groups in different fields (e.g. name of 
group, name of research topic, title of publica-
tions, etc.). Some groups may not appear because 
they perform research on mercury contamina-
tion in the Amazon but not exclusively in this re-
gion and they did not use “Amazon” as a key word 

in their research results (rather, for example, mer-
cury and “tropical ecosystems”). While admitting 
the possible limitations of this approach, the 
methodology was applied to each CNPq census 
(1993, 1995, 1997, 2000, 2002, and 2005).

In addition, Brazilian Federal and State re-
search funding agency databases were examined 
to identify the funding allocated to the study 
of mercury contamination in the Amazon. The 
amount of funding allocated to each subject 
(grants and/or fellowships) allowed the evalua-
tion of the relevance ascribed to the issue by the 
Brazilian government. The PROSSIGA database 
from CNPq allows searches for scholarships (e.g. 
technical support, productivity, visiting profes-
sor) and research projects (individual and insti-
tutional) using key words. The data included the 
Federal (CAPES, CNPq, and FINEP) and some 
State funding agencies, namely from Pernambuco 
(FACEPE), Minas Gerais (FAPEMIG) Rio Grande 
do Sul (FAPERGS), Rio de Janeiro (FAPERJ), São 
Paulo (FAPESP), and Ceará (FUNCAP) that are 
responsible for the main financial support for 
scientific research in Brazil.

Besides Brazilian research groups, these da-
tabases also allowed identifying cooperation 
with foreign groups. Although groups from other 
Amazonian countries are involved in mercury re-
search, organized databases could not be identi-
fied and these researchers could not be included 
in this paper.

The documents analyzed in this review were 
mostly articles from scientific journals that are 
indexed in international or national databases. 
There are two main reasons: first, articles are con-
sidered the most important and most efficient 
way of disseminating scientific knowledge. Sci-
entific journals are published much more quickly 
than books and reports, so their data tend to be 
the most up-to-date available. In addition, scien-
tific journals usually use peer reviewing, the main 
mechanism for assuring quality of information. 
Abstracts and other documents with less than 
two pages, as well as documents with unidenti-
fied authors or institutions, were not included.

Most of the data were collected from elec-
tronic sources. Access to the full text was funda-
mental in order to depict parameters like type of 
study, matrices, etc. However, for specific analy-
ses (e.g. number of publications per year) the rel-
evant books, reports, and theses or dissertations 
were also included, although some were difficult 
to access.

The set of information collected in the texts 
was carefully organized in a spreadsheet, allow-
ing a complete set of statistical analyses.
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Results and discussion

From 1990 to 2005, a total of 455 publications 
on mercury contamination in the Amazon Basin 
were identified, including 42 theses and disserta-
tions, 28 reports, 19 books, 323 articles published 
in scientific journals, and 43 extended abstracts 
presented at scientific meetings (Figure 1). Al-
though the production varied considerably over 
the period, there was a general increase in the 
total number of publications per year from the 
early 1990s (fewer than 20/year) to the end of the 
period (more than 30), which is expressed most 
clearly by the articles published in indexed jour-
nals. There was a peak in the year 2000 (50 refer-
ences), and a slight decrease in the last two years 
(25 and 27, respectively).

Concerning question 1, few research institu-
tions were working with mercury contamination 
in the Amazon in the early 1980s. Important in-
ternational cooperation only began in the follow-
ing decade. Figure 2 shows the predominance of 
Brazilian research groups as compared to those 
from other Amazon basin countries: 166 Brazil-
ian articles, followed by Colombia (5), Bolivia (4), 
Suriname (3), and Ecuador (2). The remaining 
countries produced only one publication during 
this period. The presence of research groups from 
different Amazonian countries began in 1997 and 
slowly increased in the later years of the period 
analyzed.

Brazilian research institutions produced the 
most publications based on international coop-
eration between countries from the Amazon ba-
sin. Although the number of Brazilian institutions 
studying mercury contamination in the Amazon 
remained stable during the period (23 in 1990-
1997 and 25 in 1998-2005), the number of inter-
national institutions cooperating with Brazilian 
researchers increased in the last eight years (27 
institutions) as compared to the early 1990s (13). 
Concerning cooperation between international 
research institutions and Brazilian researchers 
in the early part of the period (1990-1997), the 
main partners were Japanese (43%), American 
(24%), and Canadian (14%) institutions. How-
ever, in the latter part of the period (1998-2005) 
Canadian research institutions became the main 
Brazilian partners (30%), followed by American 
(19%), Japanese (11%), and Swedish (11%) insti-
tutions. International institutions began collabo-
rating with other countries in the Amazon Basin 
in 1998. For example, 3 research institutions from 
Suriname cooperated with 2 Dutch institutions 
and 2 from Ecuador cooperated with 3 American 
and 1 Swedish institution.

A consistent way of analyzing the evolution 
of mercury research in the Amazon is to examine 

the research groups involved in it, as opposed to 
individual researchers. This unit of analysis im-
plies that there is a research topic that is shared by 
a number of researchers with common research 
objectives and projects. We used the CNPq cen-
suses for this analysis, searching for “Amazon” 
and “mercury” as key words. This criterion only 
identifies groups that have these words in their 
main research activities/interests. This approach 
may have excluded some traditional research 
groups that conduct studies on mercury con-
tamination in the Amazon but not exclusively in 
this region or that did not use these key words in 
the searched field. Thus, the possible limitation 
of these secondary data should always be kept in 
mind. Table 1 shows more detailed information 
on research groups currently listed in the CNPq 
database. This census contains the information 
surveyed until July 15, 2002, as well as updates 
made by principal investigators until April 2005. 
The total number of research groups was stable 
(around 8 groups) after a peak in the late 1990s (13 
groups). However, since Figure 3 shows whether 
the origin of the research groups is considered 
(whether they belong to institutions located in 
the Amazon basin), there is an evident shift in the 
predominance of the research groups: from 2000 
on, research groups from Amazonian institutions 
were consolidated and became the majority. 

Brazilian and international partnerships con-
tributed to the development of the Amazonian 
institutions’ research groups, as illustrated by the 
cooperation between the Radioisotopes Group 
from the Federal University in Rio de Janeiro 
and the Environmental Biogeochemistry Group 
of the Federal University in Rondônia. Another 
outstanding case involves the research group on 
Mercury Contamination in Human Populations 
and the Amazonian Environment at the Evandro 
Chagas Institute, working with the Department 
of Environmental Medicine of Odense Univer-
sity, Denmark, but also interacting with other 
Brazilian research groups such as the Federal 
University in Pará through its Mineral Technol-
ogy Center (CETEM) and the Collective Health 
Nucleus of the Federal University in Rio de Ja-
neiro (NESC/UFRJ).

Two research groups stand out in Table 1 (the 
Federal University in Rondônia – UNIR, and the 
Catholic University in Campinas – PUC-Campi-
nas, São Paulo State) in relation to the number of 
researchers, students, and staff. Each has more 
than 10 students involved in research subjects 
related to mercury contamination in the Ama-
zon. The group from São Paulo State focuses 
mainly on analytical development, while that 
from Rondônia is primarily concerned with en-
vironmental assessment. 
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Figure 1

Number and type of publications per year, 1990 to 2005 (n = 455).
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Figure 2

Scientifi c articles published by research institutions in the Amazon basin countries, 1990 to 2005 (n = 182).
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Mineralogy and Applied 

Geochemistry

Toxicology

Mercury in Amazonian 

Populations and the 

Environment

Environmental Biogeochemistry 

Laboratory

Coastal Biogeochemistry

Environmental Analytical 

Chemistry

Environmental Chemistry

Radioisotopes Laboratory

Table 1

Research groups currently listed in CNPq database where “mercury” and “Amazon” appear in the research group’s name or as research subject name or key 

words.

 Research groups Brazilian institutions Research subject Area

Federal University in Pará

Federal University in Pará

Evandro Chagas Institute

Federal University in Rondônia

Federal University in Ceará

University of Brasilia

Catholic University of Campinas

Federal University in Rio de 

Janeiro

Characterization and application of mining 

residues

Total mercury determination in biological 

and environmental samples

Amazonian populations exposed to mercury

Assessment of environmental and human 

contamination by mercury in the Maderia 

River basin

Mercury biogeochemistry in tropical areas

Analytical and toxicological  aspects of 

mercury

Environmental chemistry

Environmental, health, and ecotoxicological 

aspects of environmental pollution by heavy 

metals and organic substances, especially 

mercury, in gold mining areas of the Amazon

Geoscience

Pharmacology

Public Health

Geoscience

Ecology

Chemistry

Chemistry

Ecology

The impact of funding for mercury contami-
nation research in the Amazon was not possible, 
since this information was not available in the da-
tabases. There was also an evident need for an inte-
grated common database for Amazon Basin coun-
tries to effectively share scientific information. 

Another way to assess the current and future 
development in a research area is to examine the 
related scholarships and research project grants. 
The database results showed two CNPq grants 
at UFRJ and the State University in Campinas 
(UNICAMP). The database also identified six 
Ph.D. scholarships at the Federal University in 
Minas Gerais (UFMG), the National Institute for 
Research in the Amazonia (INPA), UNICAMP, 
and Sao Paulo State University (UNESP), one 
post-doctoral fellowship at the Nuclear Energy 
Research Institute (IPEN), and two junior fellow-
ships at the Federal University in Pará (UFPA) 
and INPA. These results indicate that the funds 
allocated to mercury research in the Amazon 
were limited, considering the importance and 

extent of the mercury problem. Nevertheless, the 
present survey could not exhaustively identify re-
cords of projects in the most important funding 
agencies. This appears to be a major flaw in the 
management of research funds, hindering effi-
cient planning of future investments

Evaluation of the CNPq censuses suggests 
that mercury contamination in the Amazon is 
a well-established research topic among Brazil-
ian research institutions, including those with 
headquarters in the Amazon region itself, where 
research groups are actively producing scientific 
data on the subject.

Concerning question 2, Figure 4 shows that 
the main sampling sites are located along the 
Madeira and Tapajós Rivers in Brazil, the Ma-
dalena River in Colombia, and small rivers and 
lakes in French Guiana and Suriname. The Bra-
zilian Amazon (128 sampling sites) is the most 
extensively studied area, followed by Suriname (7 
sampling sites), and French Guyana (6 sampling 
sites), while Peru and Venezuela show limited 

CNPq: Brazilian National Research Council.
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Figure 3

Trend in the number and predominance of Brazilian research groups studying mercury in the Brazilian Amazon region, according to CNPq censuses.

mercury research in their Amazonian territories 
(2 sampling sites). The map also indicates that re-
search is insufficient in large rivers flowing from 
the Andes (Putamayo, Solimões, Marañon). The 
Beni River in Bolivia is the only exception, with a 
dense network of research sites. Other rivers such 
as the Negro and Purus are scarcely studied. 

This spatial distribution reflects the location 
of alluvial gold-mining camps (garimpos) and 
large-scale mining activities in the Amazon ba-
sin. For instance, along the Tapajós River, inten-
sive alluvial mining has been taking place since 
the 1950s. During the 1990s, mining activity cov-
ered more than 150,000km2, with 60,000 alluvial 
miners or garimpeiros 51. Alta Floresta (Teles 
Pires River), Serra do Navio (Tartarugalzinho 
and Amapari Rivers), and Porto Velho (Madeira 
River) were also important garimpo areas 52. 
The most extensively studied basins (Tapajós, 
Madeira, and Tocantins) are also the most heav-
ily impacted by gold mining 53,54,55.

This spatial pattern changed significantly in 
the last decade. Research tended to spread from 
Brazil to other countries and territories such as 
French Guiana, Suriname, Peru, Ecuador, and 
Bolivia. This dispersion also occurred from the 
garimpos to remote areas. The shift probably re-
flects the hypothesis that mercury sources in the 
Amazon are naturally enriched soils rather than 

gold mining 17. In addition, gold mining declined 
considerably over the last decade. The recent 
spatial distribution of studies in the Amazon is 
more scattered and upstream relative to the im-
pacted mining areas. Examples of this shift are 
the Beni and Negro Rivers. Maurice-Bourgoin et 
al. 56 and Santos et al. 57 justify their study loca-
tion as a search for natural background mercury 
in areas not impacted by gold mining. 

In relation to question 3, mercury contamina-
tion studies in the Amazon have generated pub-
lications in various scientific journals. The top 
five scientific journals, considering the number 
of articles published on different aspects of this 
research topic, were The Science of the Total En-
vironment (36 articles), Environmental Research 
(30 articles), Water, Air and Soil Pollution (25 arti-
cles), Ambio (14 articles), and Cadernos de Saúde 
Pública (9 articles). While most of these journals 
have environmental scientists as their main read-
ers, Cadernos de Saúde Pública is mainly devoted 
to health-related articles. These are the two main 
approaches of studies on mercury contamina-
tion in the Amazon basin.

Both international and Amazonian research 
groups chose indexed international journals to 
publish their results. These choices were based 
on several issues such as time-to-publication, 
journal impact, popularity within the scientific 

CNPq: Brazilian National  Research Council.
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Figure 4

Mercury research sites in the Amazon according to publication year.

community, and accessibility to articles. This last 
topic has received growing attention due to the 
possibilities offered by online electronic journals, 
including a few initiatives involving open-access 
scientific journals.

Although publishers of scientific journals im-
mediately recognized the advantages of creating 
electronic versions for their content, they main-
tained them for subscribers only. Subscriptions 
to electronic journals are generally as expensive 
as the hard copy versions, even though produc-
tion costs are reduced. Such high costs are a bur-
den for institutions with limited funds, especially 
those from poor or developing countries. Some 

publishers allowed open access to contents of 
back issues of their journals as a compromise 
and partial response to requests by the scientific 
community to make scientific information freely 
available. This trend is expected to continue in 
the future, thereby expanding the access to sci-
entific data to encompass a wider audience. The 
current review was immensely facilitated by the 
availability of online articles, as is the case in 
general with surveys on the knowledge produced 
on specific subjects. Efficient dissemination of 
scientific information is essential for modern so-
ciety to make informed decisions and establish 
priorities. 
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In relation to question 4, the studies were 
classified in reviews, environmental surveys, 
health effects assessments, technological devel-
opments, and integrated studies. Figure 5 shows 
the number of articles published in 1990-2005. 
Out of a total of 326 articles, 38% were surveys on 
the contamination of environmental compart-
ments, followed by health-related studies (31%) 
and reviews (14%). Only 6% related to technolog-
ical improvements (e.g. new analytical methods, 
new procedures or equipment to reduce con-
tamination, etc.). Less than 10% of the research 
projects used an integrated approach (i.e. assess-
ment of environmental contamination and its 
consequences for human health).

Literature review articles on a specific topic 
have an irregular cyclical pattern, since they de-
pend on the continuous accumulation of knowl-
edge on the topic and original data published 
during a period of time. They are only justifiable 
when enough new data have been obtained that 
a consolidation of all information becomes nec-
essary. We thus observe peaks in this kind of pub-
lication in 1994, 1997, and the highest in 2001 
(9 articles). After 2001, we observe a downward 
trend that will probably be reversed in the near 
future with a new cycle of reviews such as the 
present overview.

According to our data, few researchers dedi-
cated efforts to developing new technologies. 
Publications on new technologies showed a dis-
continuous pattern over the period surveyed, 
with a maximum of 5 papers published per 
year. This could be explained by a persistent at-
titude in Third World countries, which usually 
import technologies, including equipment and 
analytical procedures. Technological develop-
ment usually takes longer to become available 
and requires special incentives and conditions. 
This type of publication involved mostly new or 
alternative analytical methods such as Yallouz & 
Campos 58. Early abatement technologies had 
little or no impact on the mining process. How-
ever, this attitude has been changing in more 
recent research projects, which present educa-
tional components and stronger participation 
by local communities 59,60.

Environmental studies were the first to be 
conducted and detected the widespread mercu-
ry contamination in the Amazonian ecosystem; 
they continued as the main scientific approach 
throughout the period covered by this review. 
There was a steady increase in the number of 
these studies until 2000 (16), after which they 
leveled off; many of these assessments were 
done in the context of active or inactive gold-

Figure 5

Number and types of studies/publications on mercury contamination in the Amazon, 1990 to 2005.
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mining areas. Although many articles reported 
analyses of several environmental matrices si-
multaneously 61,62,63,64,65,66, these studies ana-
lyzed mostly Amazonian fish (39%), water (16%), 
sediments (15%), and soil (14%). There were few 
studies on mercury in air (9%), plants (5%), or 
wild animals (2%).

The irregular pattern in the geographic loca-
tion of the studies and the diversity of types of 
samples analyzed suggest the lack of integrated 
research plans. Thus, the environmental stud-
ies were mostly episodic and isolated in time 
and space. These unarticulated research efforts 
produced large amounts of data, but which fail 
to provide a conclusive picture of mercury con-
tamination in the Amazonian environment and 
left several knowledge gaps. For example, only 
three articles on mercury levels in wildlife were 
identified, although wildlife exposure to meth-
ylmercury can occur almost exclusively through 
fish consumption. Still, there are not enough field 
data on wildlife mercury concentrations in the 
Amazon to conclude whether piscivorous wad-
ing birds, mammals, and reptiles have suffered 
adverse effects on a larger scale. The enormous 
dimensions of the Amazon basin and the ab-
solute lack of basic infrastructure in most of its 
extension make the need for a well-designed, 
long-term, and articulated research strategy even 
more dramatic. 

Exclusive assessments of the health effects of 
mercury contamination on local populations be-
gan after the environmental studies. There was an 
increase from the few studies in the early 1990s to 
a peak around the year 2000 (15 publications). 
Health studies only outnumbered environmen-
tal studies during brief periods (1995-1997 and 
2002). In later years there was a decrease in the 
number of health-related articles. This might 
be related at least partially to the increase in the 
number of studies that simultaneously evaluated 
environmental mercury contamination and its 
health effects. Even though the number of inte-
grated studies has been historically small (fewer 
than seven in any given year), six papers were 
published using an integrated approach in 2005. 
The result may indicate that this approach will 
continue to expand in the future.

Investigating the health impacts of mercury 
exposure in the Amazon requires a clear under-
standing of the general conditions in the region. 
In relation to health studies, the number of publi-
cations increased in the Amazon basin countries 
from the early 1990s until the last years of the 
period surveyed. From 1990 through 1999, 84 pa-
pers were published on the analysis of biological 
samples, while in the following six years (2000-
2005) this figure reached 65 articles. Mercury 

exposure was characterized in three ways: (1) 
through information gathered on occupational 
history (contact with and use of metallic mercury 
in gold mining), with these studies now appear-
ing less frequently in the literature; (2) through 
fish consumption data (frequency and predomi-
nant species of fish consumed); and (3) analysis 
of mercury concentrations in human biological 
samples, used as an exposure bioindicator. The 
proper bioindicator is dependent on mercury 
speciation and exposure route. For individuals 
chronically exposed to methylmercury via fish 
consumption, blood or hair samples were ana-
lyzed. For those exposed to metallic mercury, as 
in gold mining, urine samples were used 43,67. 
Thus, hair samples were analyzed in 60% of the 
health assessments, followed by urine (19%) and 
blood (17%). Other bioindicators analyzed in 
health studies for specific purposes were breast 
milk (3%) and palate cells (1%).

The number of publications on mercury ex-
posure in Brazilian indigenous populations has 
increased considerably in recent years. From 
1990 through 1998 only five studies were pub-
lished. However, from 1999 through 2005, 14 ar-
ticles were published on this issue. These studies 
showed that native populations living far from 
gold mining areas had high concentrations of 
mercury in hair, but no systematic clinical or 
neurological evaluation was performed 37. Few 
studies focused on the clinical and psychologi-
cal signs of neurological effects of mercury in-
toxication. In addition, few articles discussed 
the endemic diseases in the Amazon and their 
possible role as confounders in the assessment 
of toxic mercury effects, since the symptoms of 
mercury exposure and certain infectious dis-
eases can overlap. The health risks of mercury 
exposure are not monitored by local health ser-
vices, since health professionals are not trained 
to distinguish mercury toxicity in the context of 
the region’s endemic diseases 68,69. This may be 
one reason why toxic effects of mercury exposure 
are still not well documented in the Amazonian 
population. Therefore, there is a need to improve 
the knowledge on possible synergistic effects 
between mercury and endemic diseases in the 
Amazon, which could lead to improvements in 
the traditional toxicological approach.

The scenario of human mercury exposure in 
the Amazon has changed, but it is important to 
understand that the Amazon basin represents 
a veritable laboratory for studying the effects of 
low mercury exposure and its interaction with 
diet, clinical history, and susceptibility to endem-
ic diseases 70. Unfortunately, the current review 
showed that studies on health effects are still a 
weak point in terms of knowledge and advances 
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relating to mercury exposure in human popula-
tions in the Amazon. The review also revealed the 
lack of research and publications on risk evalua-
tion concerning mercury communication in the 
Amazon.

This survey indicated improvement in the 
analytical capabilities of laboratories and per-
sonnel training. Several laboratories in Brazil 
can now perform total mercury measurements 
in environmental and biological matrices, while 
few are able to measure methylmercury. Brazil-
ian laboratories participate in inter-laboratory 
exercises for total mercury determination and 
the production of certified mercury samples. In-
tegration of research groups from the different 
Brazilian regions was crucially important to dis-
seminate such analytical capability.

Conclusions

Mercury contamination in the Amazon region 
was first brought to light in the late 1980s, when 
studies underlined the role of the gold rush as a 
source of mercury in this ecosystem.

Databases from official agencies and public 
institutions were central to this work. Open access 
to electronic databases should be encouraged 
and supported. Sharing data in an open source 
database can help researchers conduct faster and 
more comprehensive studies in the future. The 
efficient dissemination of scientific information 
is essential for modern society to make informed 
decisions and establish priorities. However, elec-
tronic databases are only as good as the informa-
tion they contain, and inconsistencies are always 
possible. Therefore, secondary data analysis and 
interpretation must be performed with caution.

There was a general increase in the total num-
ber of publications during the period surveyed. 
This trend probably reflects the increase in the 
number of research groups in many Amazon ba-
sin countries working with this issue. The emer-
gence and consolidation of these research groups 
in several Amazon basin countries resulted direct-
ly from Brazilian and international cooperation. 
Among the Amazonian countries, Brazil had the 
most international cooperation and the most re-
search institutions working with mercury contam-
ination. The increase in the number of research 
groups from institutions with headquarters in the 
Amazon region itself was noteworthy, and these 
institutions became the majority of the Brazilian 
research groups working with mercury after 2000.

The spatial pattern of mercury contamination 
studies in the Amazon basin showed a clustered 
distribution. In the early 1990s, most studies fo-
cused on gold mining along major rivers. Thus, 

the resulting mercury sources and cycling figures 
were probably overestimated. More recently, re-
search sites became more scattered in the Ama-
zon Basin, including non-impacted areas. This 
is probably an outcome of the newer hypothesis 
about mercury sources in the Amazon, suggesting 
naturally enriched soils as an important source of 
mercury. Most studies lack spatial references for 
the sampling sites, making it difficult to compare 
data from different studies.

Among the different types of studies on mer-
cury contamination in the Amazon, assessment 
of environmental compartment contamination 
was the most common type. Mercury exposure 
health assessments of local populations were 
the second most common type of study. How-
ever, these studies are still insufficient in terms of 
knowledge and methodological sophistication. 
The relationship between human health and en-
vironmental contamination is very complex. The 
human health risks are associated with a variety 
of economic and social aspects and need to be 
evaluated within the local context. 

There was an increase in studies with an in-
terdisciplinary approach, reflecting the composi-
tion of research groups and increased coopera-
tion between institutions from different scientific 
areas. However, most studies are still temporally 
and spatially isolated surveys concerned with a 
specific aspect of mercury contamination in the 
Amazon. Although these unarticulated research 
efforts produced large amounts of data, they 
have proven incapable of providing a conclusive 
picture of mercury contamination in the Ama-
zonian environment and have left several issues 
unresolved. 

The complexity of the Amazonian ecosystem 
and the limited knowledge of mercury’s biogeo-
chemical cycle in tropical rain forests explain the 
difficulties faced by the scientific community in 
assessing the impact of mercury contamination. 
Thus, current knowledge on the transport, trans-
formation, and fate of mercury in the aquatic and 
terrestrial environment of the Amazon system is 
still very superficial. These issues affect the po-
tential for exposure of the local populations and 
consequently the risk involved. 

This overview has shown that there is still no 
conclusive explanation for the high levels of mer-
cury in some areas of the Amazon basin. Long-
term interdisciplinary research is necessary, tak-
ing into account the transport, transformation, 
and fate of mercury and the rapid transforma-
tion of forested into cultivated areas. In addition, 
mercury affects the health of local populations 
and must be studied with an integrated and par-
ticipatory approach, including an environmental 
education program.
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Resumo

Esta pesquisa apresenta uma visão geral dos estudos 
desenvolvidos sobre a contaminação por mercúrio 
na bacia Amazônica e a evolução destes estudos no 
período 1990-2005. O estudo baseou-se em extensiva 
e sistemática revisão utilizando bases de dados bi-
bliográficas disponíveis na Internet e em uma revi-
são dos projetos de pesquisa realizados por grupos de 
pesquisa. Além disso, os grupos de pesquisa brasileiros 
foram identificados pela base de dados do Conselho 
Nacional de Desenvolvimento Científico e Tecnológi-
co (CNPq). Um sistema de informação geográfica foi 
usado para localizar os estudos conduzidos. Diferentes 
aspectos da contaminação por mercúrio na Amazônia 
foram analisados (estudos ambientais, impactos na 
saúde humana, melhorias tecnológicas). No período 
de 1990-2005, foram identificadas 455 publicações. As 
principais realizações e as lacunas existentes em rela-
ção aos estudos ambientais e de saúde humana foram 
identificadas e discutidas. Apesar de variações, há um 
aumento geral do número total de publicações por ano 
desde o começo da década de 1990 (menos de 20) para 
o final do período estudado (mais de 30), expresso por 
meio dos artigos publicados em revistas indexadas.

Intoxicação por Mercúrio; Poluição Ambiental; Mercú-
rio; Ecossistema Amazônico
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