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Abstract

This paper analyzes factors affecting the risk of
malaria among individuals working in wildcat
gold mining camps (garimpos) in northern Mato
Grosso State in the Brazilian Amazon. Histori-
cally, such mining camps have the locations with
the highest malaria prevalence in the Brazilian
Amazon. However, little attention has focused
on understanding the disease from the internal
perspective of the mining camps themselves,
such as the mining population’s characteristics
and its spatial organization. This paper adopts a
stepwise logistic model to identify spatial, occu-
pational-exposure, and cultural factors that af-
fect malaria prevalence. According to the results,
differences among individuals working and/or
living in the gold mining areas could produce
different exposure to the disease and thus to dif-
ferent risk of malaria prevalence. Understanding
these differences may provide an important tool
for identifying risk profiles in the gold mining
and related population and for informing pro-
grams for prevention and treatment of malaria
in the Amazon.
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Historically, wildcat gold mining operations
known as garimpos have been the locations with
the highest malaria prevalence in the Brazilian
Amazon. However, little attention has focused
on understanding the disease from the inter-
nal perspective of mining camps themselves,
namely the characteristics of the mining and
related population and its spatial organiza-
tion. Most studies on the relationship between
population and the environment in the Bra-
zilian Amazon have focused on the effects of
population and agricultural land use on defor-
estation 123456, with less attention to the hu-
man health implications of different forms of
land use such as agricultural settlement, cattle
ranching, garimpos (small-scale, semi-mecha-
nized, and highly labor-intensive mining of al-
luvial gold deposits), and urban-based activities.
While previous studies in the Brazilian Amazon
have shown an important association between
high malaria prevalence, population character-
istics, and land uses such as garimpos and new
rural settlements, there is little causal evidence
(backed by statistical models) to back such asso-
ciations (some exceptions are Singer & Sawyer 7;
Castro 8; and Barbieri et al. 9).

This paper analyzes how malaria prevalence
among individuals working and/or living in and
around alluvial gold mining areas in northern
Mato Grosso State in the Brazilian Amazon is
related to distinct individual spatial, occupa-
tional-exposure, and cultural factors. The paper



begins with a brief history of the settlement of
northern Mato Grosso, particularly relating to
the emergence of garimpos, and a brief over-
view of previous studies on malaria prevalence
in alluvial gold mining camps in the Brazil-
ian Amazon. We then describe the conceptual
framework, data, measurement, and methods
used in the analysis of how malaria prevalence
in northern Mato Grosso is related to three sets
of factors (spatial, occupation exposure, and
cultural), followed by a discussion of the results
and a brief conclusion.

Alluvial gold mining and land settlement
in northern Mato Grosso

The Brazilian Mining Code of 1967 defines garim-
po according to the following criteria: (i) precari-
ous mining methods; (ii) mining in surface gold
deposits; and (iii) individual, self-employed la-
bor. Historically, the garimpo was the dominant
locus of Brazil’s gold production from the 17th to
the late 19th century, when it was gradually re-
placed by foreign capital-intensive mining op-
erations 10,

Since the 17th century, gold was known to
exist in northern Mato Grosso State (located at
55°30’W - 54°0'W and 9°30’S - 11°0’S), in the Bra-
zilian Amazon, but it was not until the early 20th
century that the first wildcat pan-miners (garim-
peiros) arrived by the Aripuana and Juruena riv-
ers 11. These pan miners and the indigenous
population constituted the local population.

By the late 1960s there was a specific national
policy regarding occupation of “empty” land in
the country, mainly in the Amazon. This policy
was implemented by opening new roads con-
necting the Amazon to the rest of Brazil, land set-
tlement projects to attract the surplus population
from the South and Northeast, and fiscal incen-
tives to attract ranchers and entrepreneurs from
the South. Construction of the Cuiabd-Santarém
highway (BR-163) and a land settlement project
in the early 1970s in northern Mato Grosso were
part of this national policy. The first land settle-
ment projects in northern Mato Grosso were
designed to settle landless farmers from South-
ern Brazil and the State of Mato Grosso do Sul, but
most of those who actually settled the region ca-
me there on their own, i.e., without anylink to go-
vernment or private land settlement schemes 12.
The expansion of agriculture and cattle ranch-
ing in northern Mato Grosso produced one of
the highest deforestation rates in the Brazilian
Amazon in the 1980s, continuing through the
1990s with the expansion of the so-called “soy-
bean frontier” 9,13,14,
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As aconsequence of such land settlement, the
population in the study area increased from ap-
proximately 100 individuals in the early 1970s to
23,000 in 1979, according to Mato Grosso Mining
Company (METAMAT), a public foundation in
charge of geological and mining research in Mato
Grosso 15. Surface gold deposits were discovered
in the area in 1979, attracting thousands of pan
miners. As a result of gold’s high price on the in-
ternational market, Brazil’s economic crisis, and
the failure of land settlement projects due to a
combination of inadequate soil, declining crop
yields, and lack of infrastructure and markets for
settlers, alluvial gold mining became the main
economic activity in northern Mato Grosso in the
1980s 12,16, Such gold mining operations also fed
the rapid urbanization rates in northern Mato
Grosso, especially in the town of Peixoto de Aze-
vedo, which became a key crossroads and lodg-
ing place for the flux of miners 12.

This situation lasted for ten years, until the
early 1990s. Newly elected President Collor
de Mello’s economic policy had several conse-
quences for the garimpo boom, mainly a drop
in the price of gold and an increase in the price
of fuel (an essential input for alluvial mining).
Additionally, by the late 1980s, the surface gold
deposits had already dwindled to very low lev-
els. Gold mining was forced to turn to deeper
and deeper deposits and thus demanded more
technology and capital. Traditional pan miners
searched for new surface gold deposits in other
areas and were replaced by newcomers with no
experience in gold mining 17.18. Most of the latter
were unemployed and/or unskilled workers from
the country’s poor Northeast. Although most of
the local population involved in gold mining
returned to their land 17, mining remained the
economic mainstay for northern Mato Grosso,
due to the direct effect of the mining or indirect
effects of related activities. Gold mining was also
responsible for the increase in the region’s popu-
lation, reaching some 216,000 by 1991 19.

In the mid-1990s there were four major
garimpo areas in northern Mato Grosso. The most
important was Matupd (59% of the gold mining
population in northern Mato Grosso, according to
METAMAT), located in the center and east of the
study area. The Matup4 area included the coun-
ties of Matupd, Peixoto de Azevedo, Terra Nova
do Norte, and Guaranta do Norte. Alta Floresta
(15% of the gold mining population in northern
Mato Grosso) and Paranaita (17%) located in the
western portion of the study area, include garim-
pos in the counties of Alta Floresta and Paranaita,
respectively. Finally, Teles Pires (7%) included
garimpos along the Teles Pires river, in the north-
western part of the study area.
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Malaria prevalence in alluvial gold
mining areas

The technology used in the garimpos inevitably
had a negative impact on the environment, di-
rectly linked to the high malaria prevalence in
northern Mato Grosso. In the early 1990s, north-
ern Mato Grosso had the highest malaria rate in
Brazil, even surpassing other traditional endemic
areas like Rondonia and southern Para 9.

The association between garimpos and en-
demic malaria has been observed elsewhere.
Three main factors may account for this relation-
ship. The first factor is the association between
malaria prevalence and high mobility of infected
miners 7,9.2021,22,23,24  Accoding to Barbieri et al.
9,12,16, the high malaria prevalence in northern
Mato Grosso is largely explained by the high
mobility of infected individuals between areas
with high malaria prevalence (mining camps and
new settlements) and others with low prevalence
(urban areas and older settlements). Further-
more, the region from which the miners origi-
nally migrated and the duration of residence in
the garimpo may also reflect different responses
to malaria (cultural factors and biological resis-
tance based on acquired immunity), as well as
the ability, knowledge, and resources to avoid the
disease 9.

Second, high malaria prevalence is associ-
ated with lack of adequate health infrastructure
and housing in the mining areas. Better housing
(construction with durable walls, roofs, doors,
and windows) impedes mosquito vector entry
and thus intra-domiciliary infection. Lack of ad-
equate health infrastructure (e.g., local health
clinics) hinders diagnosis of the disease and iso-
lation and medical treatment of symptomatic
individuals.

Third, occupational characteristics of min-
ers and the mining areas are also a key factor for
high malaria prevalence. The high exposure of
miners to the mosquito vectors in mining areas
is linked to the proximity to the vector’s natural
habitat, particularly sources of still, shaded water
and forests 825. Links between malaria risk and
the miners’ occupational profiles are explained
by the extremely long workday (12 to 24 hours,
including the time of vector’s most intense he-
matophagous activity) and limited protection
against mosquitoes, and the predominance of
unmarried, risk-prone young adult males 7.9.

Various other reasons are related to the min-
ers’ attitude towards the disease. They tend to dis-
play a kind of fatalism towards malaria, not ame-
nable to any preventive measures, an unavoid-
able consequence of their daily life. The strong
sense of individualism in these miners may also
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hinder forms of social interaction and the estab-
lishment of informal networks that might facili-
tate the exchange of information about malaria
and potential sources of treatment.

Conceptual framework

Based on the above, we can define three sets of
factors characterizing differential exposure to
malaria among individuals involved directly in
the alluvial gold mining as well as those affected
indirectly (in trading, prostitution, transporta-
tion, etc.).

Spatial factors

Spatial factors related to the location of garimpo
areas present varying potential for malaria preva-
lence. In particular, the relationship between the
location of the mining area and the housing (in-
side the garimpo itself versus in a surrounding
rural or urban area) can result in different de-
grees of exposure to the disease.

Intensity of occupational exposure factors

Population subgroups working directly or indi-
rectly in the same garimpo area have different
occupational and housing characteristics, which
may cause varying exposure to the disease.

Cultural factors

Cultural factors have an impact on the capacity
to prevent malaria and successfully treat those
who have had past contact with endemic areas in
their place of origin. Miners’ with more schooling
and stronger social networks are in a more favor-
able position for prevention and treatment.

Data, measurement, and methods

The data on gold miners in northern Mato Gros-
so were taken from a survey by the METAMAT
in 1993. The sample includes 1,286 individuals
directly or indirectly involving in the local gold
mining camps. The dataset includes ten variables
that were grouped according to factors defined in
the conceptual framework.

The spatial factor refers to both the area
where the actual mining is done and the miners’
housing area (urban, rural, or inside the mining
camp itself). Age group, gender, and marital sta-
tus provided a proxy for intensity of occupational
exposure factor. The rationale for this grouping
was that in the garimpo, age, gender, and marital
status are directly linked to the type of activity in



which one is engaged, thus exposing individuals
to malaria in varying degrees. The varying type of
activity measures exposure more directly. Hous-
ing conditions are also an indicator of the degree
of exposure.

The third factor consisted of three variables:
schooling, place of birth, and social interaction.
Place of birth was expected to indicate the type of
socialization in different regions of Brazil, trans-
lated as specific cultural attitudes toward malar-
ia, in turn causing different levels of exposure.
For example, miners from the State of Maranhao
(in the Northeast) have provided the traditional
workforce for garimpos in the Amazon, while
those from the South have a very recent history
of gold mining in the same area. Social interac-
tion indicates how socialization processes, i.e.,
how the individual interacts with the commu-
nity (participation in parties, leisure activities,
and meetings, and thus reliance on community
members to mediate conflicts or disputes) can be
an important instrument for establishing an in-
formal network of information on health issues,
including malaria prevention and health care.

A binary logistic model was used to assess the
impact of these variables on malaria prevalence.
Subjects were classified according to self-report-
ed history of malaria in the three months prior to
the survey. This self-reported malaria approach
has been used in other studies in the Brazilian
Amazon 79,23. The Y variable is a measure of ma-
laria risk representing the two groups, thus Y = 0
when there was no history of malaria in the previ-
ous three months and Y = 1 if the individual re-
ported malaria during the same period. The prob-
ability p of Y = 1 is obtained by fitting the model:

In (p/1-p) = BX

where : p is the probability of malaria preva-
lence; B is the coefficient matrix of the model; X is
the covariant matrix.

The covariant X matrix consists of dummy
variables elaborated from categories for the orig-
inal variables, such that the category with theo-
retically lower risk (the reference category) was
omitted from the model:

e Workregion (omitted: REG4 = Teles Pires)

X1 = REG1: Alta Floresta;

X2 = REG2: Matup4;

X3 = REG3: Paranaita.

* Place of residence (omitted: RES1 = urban):

X4=RES2: garimpo;

X5 = RES3: both.

e Activity in the garimpo (omitted: ACT2 =
prostitution):

X6 = ACT1: garimpo;

X7 = ACT3: indirect activities in garimpo.

e Age group (omitted: AGE3 = over 40 years of
age):
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X8 = AGE1: under 24 years of age;

X9 = AGE2: 25-39 years of age.
¢ Gender (omitted: SEX2 = female):

X10 = SEX1: male.

e Marital status (omitted: MAR2 = married):

X11 = MARI1: single;

X12 = MAR3: other marital status.
¢ Housing (omitted: HOS2 = makeshift hous-
ing):

X13 = HOS1: permanent housing.
¢ Place of birth (omitted: BRP3 = South/South-
east):

X14 = BRP1: Northeast;

X15 = BRP2: North and Central West.

e Schooling (omitted: EDU2 = some school-
ing):

X16 = EDU1: no schooling.

e Social interaction (omitted: SOC1 = high so-
cial interaction):

X17 = SOC2: low social interaction.

The B coefficients were estimated by maxi-
mum likelihood and can be interpreted as the
logarithm of the odds ratios between each cate-
gory in the model and the category omitted from
the original variable (ceteris paribus).

Results and discussion

Average malaria prevalence was 31.3%. As ex-
plained above, this represents the mean propor-
tion of subjects with at least one episode of the
disease in the previous three months. Table 1
shows the frequency distribution of these vari-
ables. Most of the miners worked and lived di-
rectly in the garimpo in the Matupad region. The
miners were predominantly single males 25 to 39
years old, originally from the Northeast of Brazil,
and with no schooling and low social interaction
in the mining camps. Despite this predominant
pattern, they showed diversification in all the
variables that might lead to differences in ma-
laria prevalence.

Table 2 shows the models’ parameter esti-
mates and the statistical significance of each vari-
able. The final model (Model 11) was obtained
using a stepwise procedure; it excluded the gen-
der and housing variables, because in step 6,
the introduction of SEX1 (male) eliminated the
significance of both variables representing the
type of activity done in the garimpo, due to the
high correlation between the two variables (thus
the choice to exclude the gender variable from
the model). The housing variable (HOS1) was not
significant in steps 4 through 7 and was excluded
from the subsequent steps.

The intercept represents subjects that are ab-
sent from the model, i.e., those working in the
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Table 1

Characteristics of individuals working and/or living in alluvial gold mining areas (garimpos) in northern Mato Grosso State,

Brazil.
Factor Variable n %
Spatial Region
Alta Floresta 156 12.13
Matupa 801 62.29
Paranaita 250 19.44
Teles Pires 79 6.14
Residence
Urban 468 36.39
Rural/Garimpo 665 51.71
Both 153 11.90
Intensity of occupational exposure Activity
Garimpo 1,038 80.72
Prostitution 121 9.41
Indirect 127 9.87
Age (years)
<25 294 22.86
25-39 838 65.16
>40 154 11.98
Gender
Male 1,147 89.19
Female 139 10.81
Marital status
Single 754 58.63
Married 374 29.08
Other 158 12.29
Housing
Permanent 98 7.60
Makeshift 1,188 92.40
Cultural Schooling
None 867 67.42
Some 419 32.58
Place of birth in Brazil
Northeast 782 60.81
North/Central West 185 14.39
South/Southeast 319 24.80
Social interaction
High 193 15.01
Low 1,093 84.99

Source: data elaborated from METAMAT 15,

Teles Pires region (REG4), living in the urban area
(RES1), prostitutes (ACT2), married (MAR2), > 40
years of (AGE3), born in the South (BRP3), with
schooling (EDU2), and with high social interac-
tion (SOC1). The intercept coefficient was nega-
tive and significant at 1% in all steps, except when
the variable “permanent housing” (HOS1) was
introduced in step 4. In the final model (step 11),
its value was -1.8315, meaning that the “intercept
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group” had a prevalence of 13.81%, which if com-
pared with the mean prevalence of 31.3%, shows
this group’s relative advantage in terms of lower
malaria prevalence.

In the final model, REG2 (working in Matup4d),
RES3 (place of residence: urban/rural/garimpo),
AGE1 (< 25 years), AGE2 (25-39), MAR3 (other
marital status), and SOC2 (low social interaction)
showed a positive and statistically significant as-
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Table 2
Stepwise models and parameter estimates of probabilities of malaria infection in northern Mato Grosso State, Brazil.
Factor/ Function Model
Variable
1 2 3 4 5 6 7 8 9 10 "
Spatial
Intercept Y = (X1, X2, X3) -1.2205* -1.3956 * -0.0012 * -0.6761 * -1.2328 * -1.1944 * -1.3922 * -17922* -1.5428 * -1.2068 * -1.8315 *
REG1 -0.3889 -0.4833 -0.4449 -0.4461 -0.4117 -0.405 -0.4299 -0.4286 -0.4424 -0.4568 -0.4530
REG2 0.5217 0.5827 **0.6134 ** 0.5780 ** 0.5643 ** 0.5522 0.5125 0.5479 0.6455** 0.5633 0.7179 **
REG3 0.6969 ** 0.5151 0.5498 0.5431 0.5783 0.5783 0.5528 0.5621 0.4247 0.4090 0.4070
RES2 Y = (X1, X2, X3, 0.1135 0.0854 0.0761 0.0975 0.0868 0.0910 0.1006 0.1409 0.1521 0.1678
X4, X5)
RES3 0.9522 ** 0.9287 * 0.9188 * 0.9441* 0.9099* 0.8960* 0.9049 * 0.9376* 0.9391* 0.9106 *
Intensity of
occupational
exposure
ACT1 Y = (X1, X2, X3, -0.6301 **-0.8018 * -0.3010 0.1105 -0.2328 -0.2434 -0.2164 -0.2164 -0.2333
X4, X5, X6, X7)
ACT3 0.1404 -0.2883 -0.7809 ** 0.7882 -0.6938 ** -0.5351 -0.6089 **-0.6600 **-0.6940 **
HOS1 Y = (X1, X2, X3, -0.4295  -0436 -0.4377 -04025
X4, X5, X6, X7.X13)
AGE1 Y = (X1, X2, X3, X4, 0.5337 **0.5193 ** 0.6291 ** 0.6189 ** 0.6242 ** 0.5954 ** 0.6085 **
X5, X6, X7, X13, X8, X9)
AGE2
SEX1 Y = (X1, X2, X3, X4, X5, -1.0914 **
X6, X7, X13, X8, X9, X10)
MAR1 Y = (X1, X2, X3, X4, X5, -0.0240 -0.0400 -0.0144 -0.0027 0.0052
X6, X7, X8, X9, X11, X12)
MAR3 -0.0240 -0.0400 -0.0144 -0.0027 0.0052
0.6317 * 0.6270* 0.6494* 0.6397 * 0.6252 *
Cultural
BRP1 Y = (X1, X2, X3, X4, X5, -0.4833 * -0.3863 **-0.4191 *
X6, X7, X8, X9, X11,
X12, X14, X15)
BRP2 -0.5458 * -0.5306 **-0.5605 *
EDU1 Y = (X1, X2, X3, X4, X5, -0.4406 * -0.4775 *
X6, X7, X8, X9, X11, X12,
X13, X14, X15, X16)
SOC2 Y = (X1, X2, X3, X4, X5, X6, 0.6773 *

X7, X8, X9, X11, X12, X14,
X15, X16, X17, X15)

Source: data elaborated from METAMAT 26,
*p < 1%;
** 1% < p < 5%.

sociation with malaria prevalence. As expected,
positively associated variables represented in-
creased risk of malaria infection: the Matupad re-
gion includes the counties of Terra Nova, Nova
Guarita, Peixoto de Azevedo, Matupa, and Guar-
anta do Norte, known to have the highest malaria
prevalence in northern Mato Grosso and even

Brazil as a whole since the late 1980s 18. Even
among miners themselves, those working in Ma-
tupd showed higher risk. Matupd may have other
risk factors beyond individual traits (e.g., highly
intense gold prospecting and/or a particularly
hazardous environment). According to Model 11,
miners living in both urban and rural/garimpo
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areas had higher prevalence than those living in
urban areas, while those living exclusively in the
garimpos showed no differences from those liv-
ing in urban areas. This indicates that the degree
of mobility may help explain the differences in
prevalence, more than the garimpo environment
itself.

The data also indicated that younger indi-
viduals and those with marital status other than
single or married had more intense occupation-
al exposure to malaria, and that those with low
social interaction may have had less capacity to
take preventive measures and obtain adequate
treatment.

The variables ACT3 (indirect activities in the
garimpo), BRP1 (born in the Northeast), BRP2
(born in the North and Central West), and EDU1
(no schooling) were significant and negative,
showing less risk of infection than the intercept
group. As expected, subjects involved in indirect
activities like trade and transportation showed
less risk of malaria than prostitutes, because they
remained less time in the mining camps and
at less risky times of the day. Subjects from the
Northeast and North/Central West showed lower
prevalence than those from the South/Southeast,
possibly because the former have a long tradi-
tion of gold mining in the Amazon and have been
exposed to many episodes of malaria. They are
thus more prepared to deal with malaria and may
be more resistant to the disease as compared to
their counterparts from the South/Southeast.
Surprisingly, those with no schooling showed
lower prevalence, which could be explained by
the lower overall schooling of individuals from
the Northeast and North/Central West, who had
lower prevalence rates.

Based on the above discussion, the apparent-
lyhomogeneous gold mining population actually
had many characteristics that posed differential
risks of malaria. In addition, mining activity itself
(ACT1) did not pose higher risk than prostitution,
i.e., while the environment is highly hazardous,
the risk is uneven among those working in the
mining area. A hypothesis is that this result may
also be related to the prostitutes’ typically short-
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er period of residence in the garimpos and thus
their limited ability, knowledge, or immunity to
deal with the disease. However, all the other char-
acteristics that were significant for explaining the
differences referred mostly to the miners them-
selves, defining a sketchy profile of high malaria
risk. As an example of the magnitude of this dif-
ferential, the B coefficient for RES3 (residence
in urban and rural/garimpo areas) was 0.9106,
meaning that the risk of contracting malaria was
28.48% and that this group’s risk relative to the in-
tercept group was 2.06. An example in the oppo-
site direction was BRP2 (born in North/Central
West), with an estimated B coefficient of -0.5605.
The prevalence rate was 8.38%, and the relative
risk was 0.61. Unfortunately, the sample size did
not support a more complete model with inter-
actions among variables, but the mere analysis
of the main effects is sufficient to call attention
to the heterogeneity of what was an apparently
homogeneous population.

Conclusion

The results point to the possibility of understand-
ing the characteristics of individuals working or
living (or both) in alluvial gold mining areas in
northern Mato Grosso that can increase malaria
risk, rather than viewing the risk as affecting a
purportedly homogeneous population. In fact,
increased malaria risk in northern Mato Grosso
can be understood as a function of: spatial fac-
tors related to the location of the mining areas
and the place of residence of the individual at
risk; intensity of occupational exposure factors
related to female prostitution; younger age; and
individuals “other” marital status; and cultural
factors related to original areas of residence in
South or Southeast Brazil, schooling, and lower
social interaction. Understanding specific popu-
lation dynamics associated with increased ma-
laria risk may provide a powerful instrument
for orienting malaria prevention, treatment and
control policies in mining areas in the Amazon.



Resumo

O artigo analisa fatores que afetam o risco de mald-
ria entre garimpeiros de ouro no norte de Mato Gros-
so, Brasil. Historicamente, os garimpos apresentam
a maior prevaléncia de maldria da Amazonia Legal
brasileira. Entretanto, até o momento houve pouca in-
vestigagdo no sentido de compreender a doenga desde
a perspectiva interna dos proprios garimpos, ou seja,
através das caracteristicas da populagdo garimpeira e
da sua organizagdo espacial. O artigo adota um mo-
delo logistico stepwise para identificar fatores territo-
riais, culturais e de exposi¢do ocupacional que afetam
a prevaléncia da maldria. Com base nos resultados,
diferencgas entre individuos que trabalham elou vivem
nas dreas de garimpo poderiam produczir variagoes na
exposi¢do a doencga, levando a um risco diferenciado
de prevaléncia de maldria. A compreensao dessas di-
ferengas pode representar uma ferramenta importante
para identificar perfis de risco na populagdo do garim-
po e do seu entorno, além de orientar programas para
a prevengao e tratamento da maldria na Amazonia.

Maldria; Exposi¢do Ocupacional; Fatores de Risco
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