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Abstract

The distribution of platinum, palladium, and rhodium in soils adjacent to a major road in Sdo Paulo, Brazil, is presented.
Sampling was made at four sites with varying traffic volumes and driving styles (stop/start vs. constant speed). High-resolution
inductively coupled plasma mass spectrometry (HR-ICP-MS) with NiS fire assay collection and Te coprecipitation was used as
analytical procedure. The platinum group element (PGE) pattern distribution in the analyzed roadside soil was similar to that of
other traffic-related elements such as Zn and Cu, characterized by a strong decrease of the PGE content with increasing distance
from the traffic lane. The results indicate that the PGE concentrations in roadside soil are directly influenced by traffic
conditions and distance, which characterize their catalytic converter origin. Pt, Pd, and Rh contents range between 0.3 and 17 ng
¢ ' 1.1 and 58 ng g~', and 0.07 and 8.2 ng g~ respectively. Lower levels of Pt and lower Pt/Pd ratios in relation to similar
studies in other countries were observed due to the different Pt/Pd ratios in Brazilian automobile catalytic converters. This is the
first study to assess traffic-derived Pt, Pd, and Rh deposition in Brazil.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Cars fitted with exhaust catalysts containing plati-
num group elements (PGEs) significantly minimize

* Corresponding author. Tel.: +55 11 3816 9182; fax: +55 11 3816 . .. . .
toxic gas emissions produced during gas combustion.
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from car exhaust and transform these pollutants into
more innocuous carbon dioxide, nitrogen, and water
(Palacios et al., 2000, Barefoot, 1999; Zereini et al.,
2001). Both platinum and palladium are used to oxidize
carbon monoxide and hydrocarbons. Rhodium must be
present in order to reduce nitrogen oxides (Morton
et al., 2001). However, catalytic converter surface
abrasion and deterioration release these elements,
adsorbed on small particles, into the environment,
causing PGE deposits near roads, in vegetation, and in
other environmental compartments such as rivers, as a
result of wind and water transport (Zereini et al., 2001).
Artelt et al. (2000), in engine bench test experiments,
found emission factors ranging from 2 to 120 ng km ™",
depending on test conditions and catalyst age. The
probable emission rate of Pt from vehicles equipped
with catalytic converters has been estimated as 0.5-0.8
pg km~' Pt (Helmers, 1997). The geogenic PGE
concentration background in soils is estimated to be
ca. 1 pg kg~', whereas contaminated soils along
roadsides show contents up to several hundred micro-
grams per kilogram (Zereini et al., 2000).

The toxic effects of platinum emitted by automo-
bile exhaust converters are only expected if platinum
is bioavailable. Only soluble platinum compounds are
of any possible toxicological relevance (Rosner and
Merget, 2000). Respiratory sensitization to certain
platinum salts is the relevant end-point for assessing
the health risk potential of platinum. Platinum in dust
emitted from automobile catalytic converters is mostly
in metallic form, although small amounts of oxidized
Pt(IV) have also been found in exhaust gases (Schlogl
et al., 1987). Rhodium is present in the autocalyst in a
metallic form and as an oxide. PGE transformations
during vehicle operation might change the form in
which PGE occurs in the autocatalyst (Rauch et al.,
2000). Converter-emitted PGE may undergo rapid
transformations in the environment and subsequently
behave similarly to soluble PGE salts (Whiteley and
Murray, 2003). Little work has been carried out with
the bioavailability of Pt. Zereini et al. (1997)
demonstrated the low Pt and Rh solubility both in
soil and surface waters. Uptake experiments in plants
showed that Pt and Rh present transfer coefficients
below 0.1 (Schafer et al., 1998). Begerow and
Dunemann (2000) reported that, in comparison with
control groups, people heavily exposed to traffic do
not show increased urinary Pt and Pd excretion and

that, apparently, emissions from catalyst-equipped
automobiles do not contribute to the internal back-
ground exposure of the general population.

Recent studies show that the cheaper price of Pd
resulted in the development of catalytic converters with
lower levels of Pt and constituted by Pd/Rh (Farrauto
and Heck, 1999). This means that the potential effect of
Pd to cause allergic reactions will become more
important in the future (Jarvis et al., 2001).

There has been an increasing interest in determin-
ing PGE concentrations in environmental compart-
ments along roadsides after the introduction of
automobile catalytic converters (Jarvis et al., 2001;
Gomez et al., 2001; Morton et al., 2001; Cinti et al.,
2002; Cichella et al., 2003; Whiteley and Murray,
2003). A summary of the reports including measure-
ment of PGE contents in environmental and biological
samples (dust, vegetation, soil, sediments, water,
blood, and urine) is found in Barefoot (1997). Most
of the studies demonstrated increasing concentrations
of PGE in roadside environments, providing evidence
that the automobile catalysts are the predominant
source of PGE (Whiteley and Murray, 2003).

Most of the studies have focused on Pt levels in a
variety of environmental matrices, while Pd and Rh
have only been monitored more recently (Helmers,
2000). According to Barefoot (1999), the concentration
of Pt near German roads is about 70 times higher than
background values. Schafer and Puchelt (1998) eval-
uated the concentrations and distribution patterns of Pt,
Pd, and Rh in soil samples next to highways in
Southwest Germany, and found high PGE concen-
trations in the uppermost soil layer, decreasing farther
from the road. This is a result of large particle or whole
catalyst piece emissions, which are deposited a very
short distance from the roads (Rosner and Merget,
2000). In those catalytic converters produced between
1984 and 1992, there is a characteristic relationship
between Pt and Rh, and a relatively constant Pt and Rh
ratio (~5:1 or 6:1) can be observed in environmental
samples (Zereini et al., 1997; Schafer and Puchelt,
1998). Since then, catalytic converter development has
led to a wide range of Pt, Pd, and Rh combinations and
concentrations, as well as to the introduction of Pd—Rh,
Pt—Rh, Pt-only, or Pt—Pd—Rh catalysts. Therefore, these
differences in composition may bring about concen-
tration changes of these metals in environmental
samples. Table 1 shows some results found for Pt, Pd,
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Table 1
Pt, Pd, and Rh levels (ug kg™ ") in soil and road dust from highway sides in different countries (literature data)
Matrix Concentration range (ug kg™') Local Reference

Pt Pd Rh

Soil 2-159 1-7 1-28 Hessen, Germany Zereini et al., 1998
Road dust and soil <0.30-40.1 <2.1-57.9 - SE England Farago et al., 1998
Road dust 31-2252 - 11-182 Madrid, Spain Gomez et al., 2001
Soil 3.1-332.7 2.5-101.1 0.7-39.1 Mexico City, Mexico Morton et al., 2001
Soil and road dust <10-500 1-70 1-70 Major UK roads Jarvis et al., 2001
Soil <2-52 <10-110 - Naples metropolitan area Cichella et al., 2003
Soil <1-13.8 - - Naples metropolitan area Angelone et al., 2002
Soil 7.0-19.4 - - Urban area—Rome, Italy Cinti et al., 2002
Road dust and 30.96-419.41 58.15-440.46 3.47-91.40 Perth, Western Australia Whiteley and Murray,

roadside soil

2003

(-) Not determined.

and Rh concentrations in soil and road dust from
different urban sites. In all studies, much higher PGE
concentrations were found in urban road dust than
those in roadside soils collected at the same location. In
Mexico, vehicles with catalytic converters were intro-
duced in 1994, and in a 10-year accumulation period,
PGE levels up to 200 times higher than background
levels were found in soil collected next to roads.

In Brazil, the automobile catalytic converters have
been in use since 1996, and in their composition, there
is about 1.5 g of PGE. Brazilian vehicles use gasohol,
a mixture of gas and alcohol in a 8:2 proportion, and
the catalytic converters contain mainly Pd and Rh.

This article presents data from a first study of PGE
levels in roadside soil collected from a high-density
traffic road in Sao Paulo, and the relation between the
results obtained and the catalytic converter abrasion.
The analytical technique employed was NiS fire assay
with Te coprecipitation and high-resolution induc-
tively coupled plasma mass spectrometry (HR-ICP-
MS). The soil samples were analyzed for trace metals
by instrumental neutron activation analysis (INAA)
and X-ray fluorescence (XRF). A PGE correlation
with other known potentially toxic metals (e.g., Pb,
Zn, and Cu) was verified.

2. Materials and methods
2.1. Sampling

For this study, four sampling locations were chosen
adjacent to a major road (SP348), with high-density

traffic flow (ca. 30,000 vehicles per day) running
between the city of Sdo Paulo and other important
industrial regions of the state of Sdo Paulo. Sampling
was undertaken in October 2002.

Sampling points were located between the cities of
Sao Paulo and Jundiai, where the highest traffic density
of the road is found at 31, 39, 45, and 55 km from the
city of Sdo Paulo. Areas of 20 m?, forming a
rectangular grid, were sampled. Composite samples
were then prepared by taking five samples, each
collected at 1 m, along the 4-m stretch of the road.
The sampling took place on a 40-cm grass strip beside
the asphalt and up to 540 cm from the roadway (Fig. 1).
The sampling depth was 5 cm. The covering vegetation
was separated. Roadside soil sampling locations were
carefully selected to represent a cross-section of traffic
volumes and driving styles (stop/start vs. constant
speed). The speed limit is 120 km h™'. The sampling
point at km 39 was just after a tollbooth, where
vehicles have to come to a full stop and then accelerate

Composed Cee
Sample

Fig. 1. Sampling scheme.
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very quickly. A 4-cm-diameter polyethylene tube was
used to take the samples, which were then stored in
inert plastic bags. In the laboratory, the samples were
dried at 4050 °C and were sieved through plastic-only
sieves into <2 mm fraction. Before and after sieving,
the samples were homogenized and quartered.

2.2. Analytical methods

2.2.1. NiS fire assay with Te coprecipitation

NiS buttons were prepared by thoroughly mixing
10-15 g of the sample with the fusion mixture, which
consisted of 10 g of sodium carbonate (anhydrous
extra pure; Merck), 20 g of sodium tetraborate
(anhydrous GR; Merck), 1 g of nickel powder (INCO
Metals), and 0.75 g of purified sulfur (Merck). The
mixture was transferred into a fire clay crucible and
fused at 950 °C for 30 min, and then again for another
30 min at 1050 °C. After cooling, the crucible was
broken, the NiS button was separated from the slag,
crushed into large particles, and weighed to assure that
there were no losses during the procedure. Better
results were obtained when the NiS button was
crushed into large particles instead of pulverizing
the button. The NiS button was dissolved in 20 ml of
suprapur hydrochloric acid (Merck) in a Teflon closed
vessel (Savillex, USA), at 150 °C on a hot plate for
about 14 h. The solution was cooled to room
temperature and 2 ml of a 2000-ppm Te solution,
prepared as described by Stockman (1983), was
added. The solution was heated to 95-100 °C and
10 ml of Sn(Il) chloride solution (13.5 g of
SnCl, - 2H,0 dissolved in 9 ml of concentrated HCI
and diluted to 60 ml with water), freshly prepared,
was added to precipitate the metallic Te. The solution
was boiled to coagulate the precipitate. One milliliter
of the Te solution was added, and the solution boiled
for 5 min. This solution was then filtered onto a 0.45-
pum membrane filter (Millipore) and the precipitate
washed with a 10% HCI solution and dissolved with 2
ml of suprapur HCI and 2 ml of suprapur HNOj3. The
solution was made up to 100 ml by adding pure water
(Milli-Q; Millipore) for ICP-MS analyses.

2.2.2. HR-ICP-MS

An HR-ICP-MS instrument (Element; Finnigan
MAT) was used. The instrumental parameters and the
isotopes used are described in Table 2. Method

Table 2
HR-ICP-MS (Element; Finnigan MAT) operating conditions and
measurement parameters

MS resolution 300

RF power 1350 W

Argon gas flow
Sample gas 1.0 I min~!
Auxiliary gas 0.92 1 min~'
Cooling gas 151 min~!

Data acquisition parameters

Counting statistics 10X2 (runs and passes)

1

Sample uptake rate 1 ml min~
Cones
Skimmer and sampler Nickel

193Rh (100), '°Pd (22.23),
1931 (62.7), and '*°Pt (33.8)

Measured isotope
(isotopic abundance %)

detection limits (30) obtained for procedural blanks,
in three replicate measurements of two different
blanks, were respectively 0.04, 0.1, 0.03, and 0.7 ng
g~ ! for Rh, Pd, Ir, and Pt. The HR-ICP-MS instru-
ment was calibrated with solutions containing 0.2,
0.4, 0.8, 1.0, 2.0, 5.0, 10.0, and 20.0 ng ml~! of each
PGE prepared from a PGE standard solution (Spec-
pure; ALFA AESAR). A 10-ng ml™" indium solution
was used to optimize the instrumental parameters and
to maximize the signal intensity. Potential interfer-
ences from MO', MOH', and MAr' species were
evaluated in previous studies (Shibuya et al., 1998;
Jorge et al., 1998). None, however, was found to be
significant for the range of concentrations measured
for this study.

2.2.3. INAA

INAA was used to analyze the elements Ba, Ce,
La, and Zn. Samples were homogenized and ground
in agate mortars. One hundred to 150 mg of each
sample and of the geological reference materials BE-
N (ANRT) and Soil-7 (IAEA) was accurately weighed
in polyethylene bags. Samples and reference materials
were irradiated for 8 h at a thermal neutron flux of
10 n em™2 s7! at the IEA-R1 nuclear reactor of
IPEN. The measurements of the induced gamma-ray
activity were carried out in gamma-ray spectrometer
with a GX20190 hyperpure Ge detector (Canberra).

2.2.4. XRF
XRF was employed to determine Cu, Mo, Pb,
and Zr. Pellets (40 mm diameter) consisting of a
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Table 3
Results for other metallic elements obtained by INAA and XRF for
certified reference materials (mg kg™ ') +1 s

Element Analytical Soil-7 (IAEA)
technique Found value 95% Confidence
interval
Ba INAA 159428 131-196
Ce 61+7 50-63
La 28+1 27-29
Zn 104+6 101-113
Element Analytical GSS-2 (IGGE, China)
technique Found value Recommended
value £2 s
Cu XRF 13.840.1 16.3+2.8
Mo 1.14+0.1 0.98+0.34
Pb 19+1 20+8
Zr 207+2 209+46

mixture of 9 g of the sample and 1.5 g of powdered
wax (Hoechst) were prepared and measured in a
sequential XRF spectrometer (PW 2404; Philips),
equipped with a rhodium tube. The details of the
procedure are described elsewhere (Zambello and
Enzweiler, 2002).

2.2.5. Reference material analysis

The precision and accuracy of the analytical
method employed to determine Pt, Pd, and Rh were
previously verified by the analysis of geological
reference materials (Morcelli et al., in press). The
analytical procedures of INAA and XRF were
validated by analyzing the certified reference materi-
als Soil-7 (IAEA) and GSS-2 (soil; IGGE, China),
respectively (Table 3).

3. Results and discussion

The results obtained for Pd, Rh, and Pt are presented
in Table 4 and are shown in Figs. 2—4, respectively,
where Pd, Rh, and Pt concentrations in the continental
crust are also presented (Pd: 0.4 ng g~ '; Rh: 0.06 ng
g ' Pt: 0.4 ng g '; Wedepohl, 1995). These values
were used as reference since there is no information
available on PGE levels in Brazilian soils.

As can be seen in Figs. 2—4, the distribution
patterns for Pd, Rh, and Pt are similar and concen-

tration levels higher than the continental crust levels
were observed. The PGE concentrations ranged from
58 to 1.1 ug kg~ ' for Pd; from 17 to 0.3 pg kg™ for
Pt; and from 8.2 to 0.07 pug kg~ ' of Rh. Considering
the highest concentration obtained for each element,
the obtained results are more than two orders of
magnitude higher than geogenic background values
for Pd and Rh, and 40-fold higher for Pt. The highest
PGE concentrations were found 40 cm from the
roadway. At about 140 cm from the roadway, the
concentrations are ca. 90% lower when compared to
the samples collected 40 cm from the road. This
indicates the anthropogenic origin of the PGE. These
data agree with results obtained in other studies,
where higher concentrations of the PGE were also
observed in the vicinity of roadways (Schafer and
Puchelt, 1998; Morton et al., 2001).

No previous data for PGE values in Brazilian soils
are available to compare with the obtained results. Data

Table 4

Pd, Rh, and Pt concentration® in SP348 roadside soils

Sampling  Distance Pd Rh Pt

site from roadway  (ug kgfl) (ng kgfl) (ng kgfl)
(cm)

km 31 40 5842 7.2+0.1 13.0+0.1
140 12.6£0.2 3.9+0.2 52404
240 7£2 3.5+0.2 34+0.4
340 8.5+0.1 3.84£0.2 3.840.1
440 8.2+0.8 1.27+0.04 3.3+0.2
540 42+09 0.83+0.15 1.48+0.35

km 39 40 45.04+0.5 8.240.1 17.4+0.7
140 35+1 6.03+0.01 10.8+0.6
240 22+4 3.5+1.4 6+2
340 17£1 24+0.2 4.0£0.2
440 19.8+0.8 2.5+0.2 24+0.2
540 8.5+0.3 1.40+0.10 3.1+£0.8

km 45 40 40+1 6.0+0.2 6.3+0.1
140 7.5+1.7 1.1£0.3 1.9+0.6
240 5.1+0.5 0.54+0.11 1.6+0.8
340 3.6+0.1 0.42£0.06 0.84+0.01
440 22+0.1 0.25+0.03 0.50+0.05
540 1.4+0.1 0.07+0.10 0.314+0.01

km 53 40 18+3 2.3+0.1 7+1
140 6.8+0.1 0.88+0.01 1.2+0.1
240 33+0.1 0.46+0.01 1.304+0.01
340 2.840.1 0.37+0.01 1.5£0.8
440 1.2+0.1  0.15+0.01 -
540 1.1£0.1  0.13+£0.02 0.61+0.11

% The results are the mean and standard deviation of two
replicates.
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Fig. 2. Pd distribution patterns in roadside soil samples collected at SP348.

on natural soils from different geographic areas (Cinti
et al., 2002) suggest that Pt concentrations between 2
and 5 ng g~ could be considered as the geochemical
background for soils developed on different parent
materials. Considering this Pt level in soils, the Pt
concentration found is one order of magnitude higher.

In other studies concerning autocatalyst-derived Pt
in roadside soil, higher Pt concentrations were
observed (up to 500 ng g~ ' of Pt in a UK road; Jarvis
et al., 2001). A lower concentration of Pt in Brazilian
soil is expected, since the catalyst converters in Brazil
contains mainly Pd and Rh. The concentration of Pt
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Fig. 3. Rh distribution patterns in roadside soil samples collected at SP348.
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Fig. 4. Pt distribution patterns in roadside soil samples collected at SP348.

found can be attributed to the great quantity of foreign
cars Brazil has imported over the last years.

A particular behavior was observed in the results
corresponding to km 39, next to the tollbooth. The
highest levels of Pt and Rh were obtained at this site,
40 cm from the road. For Pd, the same order of
concentration was obtained at the other studied sites.
What is remarkable is the difference observed in PGE
distribution pattern at km 39. The curve is smoother,
showing that PGE reached farther distances from the
roadway, in relation to the other studied sites, in what
may be attributed to the severe driving conditions at
that site, which produces an increase in exhaust gases.
Zereini et al. (1998) related a higher emission of PGE
from the catalytic converters to the velocity and
driving conditions of the vehicle. Changes of velocity
such as rapid acceleration cause stress to the catalyst
and the exhaust gas system (e.g., variations of
temperature and redox conditions). According to
Zereini et al. (2001), higher acceleration and higher
speed appear to increase PGE emission. In soils from
a German Autobahn rest stop, 50% higher Pt
concentrations were found at the exit, where drivers
speed up to merge into traffic, than in samples
collected at the entrance where the drivers slow down.

The concentrations of PGE decreased from km 39
to km 53. At this part of the road, traffic density
decreases because there is an exit to other important

cities of the state of Sdo Paulo, and the concentration
of PGE also decreased.

In order to verify the PGE distribution pattern that
is not present in the catalytic converter, Ir was also
analyzed in some of the studied sites. Concentrations
in the range of 0.01-0.03 pug kg ' Ir were obtained,
which is the same concentration of Ir in the
continental crust (0.04 pg kg_l; Wedepohl, 1995).
This indicates that Pt, Pd, and Rh are derived from
catalytic converters.

The Pt/Rh ratio is relatively constant at 1.7 with a
range from 0.54 to 4.4, except for km 53 (Pt/Rh ratio
range from 1.36 to 4.7) and differs significantly from
the results reported by Jarvis et al. (2001) for samples
collected adjacent to major UK roads (ratio of Pt/Rh
of 7.10 with a range from 4.5 to 15.8). Barefoot
(1999) reported Pt/Rh ratios of about 5:1 or 6:1. On
the other hand, the Pt/Pd ratio was very consistent at
0.3-0.4 in all sampling sites. Jarvis et al. (2001) found
a mean Pt/Pd ratio of 6.6 and a range from 2.01 to
26.6. As mentioned before, with the changes intro-
duced in catalytic converters, the Pt/Pd or Pd/Rh
ratios are less well defined (Morton et al., 2001;
Whiteley and Murray, 2003). Brazilian autocatalysts
have a lower concentration of Pt in relation to their
European counterparts. The Pd/Rh ratio varied more
in a range from 2 to 20. The relatively large variability
of the Pt/Pd ratios compared with the Pt/Rh ratios
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Fig. 5. Pb and Cu distribution patterns in roadside soil samples collected at SP348 (km 31).

suggests a significant difference in chemical behavior
between Rh and Pd.

As Pd is increasingly being used in new catalytic
converters, possible environmental and human health
consequences can be expected. Pd is the most mobile
of all platinum metals due to its chemical properties
and it can be taken up by plants in considerably
greater amounts than Pt and Rh (Zereini et al., 2001).

600 -
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200
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100

Traffic-derived trace elements (Pb, Cu, and Zn)
were also analyzed. The distribution patterns of Pb
and Cu and of Zn for samples collected at km 31 are
presented in Figs. 5 and 6, respectively. Cu and Zn
accumulation in particulate matter is due to the wear
and tear of certain automobile materials and parts
during driving (Hildemann et al., 1991). Pearson’s
correlation coefficients between Pt, Pd, Rh, and Cu,

140

240

340 440

distance from SP 348 (cm)

Fig. 6. Zn distribution patterns in roadside soil samples collected at SP348 (km 31).
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Zn were equal or higher than 0.94 in all analyzed
samples, which points to a common source. Pb
showed positive correlations with Pt, Pd, and Rh.
Zereini et al. (2001) report an average Pb concen-
tration of about 5000 times that of Pt. A much lower
Pb/Pt average was obtained in this work, of about 30,
due to the use of unleaded gas in Brazil since 1983.

Ba, Zr, La, and Ce are present as additives in
catalytic converters. La and Zr oxides are added to
the washcoat as stabilizers (Rauch et al., 2000). Ce,
employed as a promoter in catalytic converters, is
used in a Ce/Pt ratio of about 20—-100 (Zereini et al.,
2001). However, a constant La/Ce ratio was obtained
for all samples indicating a soil origin. As observed
by Jarvis et al. (2001), the background concentra-
tions of Ce in soil are typically many tens of
micrograms per gram, and the addition of autocata-
lyst-derived particulate containing Ce in this system
can hardly change the background. Pearson’s corre-
lation coefficients between Pt, Pd, Rh, and Ba were
equal or higher than 0.82 in all analyzed samples,
which suggests the catalytic converter as a common
source. In Fig. 7, it is evident that, except for Ba,
different distribution patterns from the PGE ones
were observed in the analyzed soil samples. Neg-
ative correlation coefficients were obtained for Zr,
showing that here, Pt, Pd, and Rh are not associated
to Zr.

4. Conclusions

The main conclusions arising from this study can
be summarized as follows:

— In SP348 roadside soils, in Sao Paulo, Pt, Pd, and
Rh were found in much higher concentrations than
PGE geogenic background.

— The high concentrations of Pt, Pd, and Rh found in
the roadside soils suggest an anthropogenic source.
All three are employed in catalytic converters.

— Traffic-related elements such as Zn and Cu were
positively correlated to the PGE, which points to
a common source, in this case, automobile
exhausts.

— The results obtained indicate that the PGE concen-
trations in the roadside soils are directly influenced
by traffic conditions and distance.

— The emitted PGE-containing particles from cata-
lytic converters are restricted to the immediate
vicinity of the roadside.

— Lower levels of Pt and lower Pt/Pd ratios compared
to other similar studies were observed due to the
different ratio Pt/Pd in Brazilian automobile
catalytic converters.

— The average ratio Pb/Pt was much lower than those
observed in studies made in Europe due to the wide
use of unleaded gas in Brazil.
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— This study can be used as a preliminary reference
for further studies aiming to monitor PGE pollution
in urban areas of Brazil.
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