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Abstract

In this work, 24-h PM10 samples were collected in Rio de Janeiro, Brazil, and analysed for trace elements (Cd, Ce, Cu, La, Mo, Ni, Pb,
Pd, Rh, Sb and Sn). The sampling was carried out at five locations (Bonsucesso; Centro, downtown city; Copacabana; Nova Iguac�u and
Sumaré) with different traffic densities and anthropogenic activities. An analytical method based on the EPA method for the determina-
tion of trace elements in airborne particulate matter (PM), using ultrasonic-assisted extraction and inductively coupled plasma mass spec-
trometry (ICP-MS) was applied. Our results suggest that vehicular traffic is the most important source of environmental pollution at the
studied sites. The presence of Mo, Pd and Rh in the analysed filters reflects an additional source of pollution caused by the erosion and
deterioration of automotive catalytic converters.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Air pollution has been a major concern in modern urban
and industrial areas (Park and Kim, 2005; Valavanidis
et al., 2006; Srivastava and Jain, 2007). The problem con-
cerning atmospheric contamination by airborne particulate
matter (PM) has notably worsened in the last years due to
the increase of motor vehicles, urban constructions, indus-
0045-6535/$ - see front matter � 2007 Elsevier Ltd. All rights reserved.
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tries (Fernández et al., 2000) and waste incineration
(Gómez et al., 2005). The release of these elements to the
atmosphere can eventually affect the human health, since
they can be deposited in lung tissues and other areas of
the respiratory system during the breathing (Bilos et al.,
2001; Yoo et al., 2002).

Elements such as Cd, Sb (Gómez et al., 2005), Pb
(Gómez et al., 2001, 2005; Salma and Maenhaut, 2006),
Cu (Gómez et al., 2001; Birmili et al., 2006), Ni (Park
and Kim, 2005; Zotin et al., 2005), Sn (Viana et al.,
2006), Ce (Morcelli et al., 2005), La (Gandhi et al.,
2003), Mo (Baldanza et al., 2000; Gandhi et al., 2003),
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Pd, Pt and Rh (Baldanza et al., 2000; Gómez et al., 2001;
Rauch et al., 2001; Lambrou et al., 2004; Morcelli et al.,
2005; Bocca et al., 2006; Zotin et al., 2005) are traffic-
related elements (TRE), which can be found in the atmo-
sphere of the cities.

Cu (Birmili et al., 2006) and Sb (Gómez et al., 2005) are
used as components in the brake pad material, and repre-
sent a public health concern, since the brake wear dust is
partially inhalable (1–10 lm) (Birmili et al., 2006). Ni is
associated to vehicular emissions, since it is used as a fuel
additive (Park and Kim, 2005) and in automotive catalytic
converters to minimize H2S emissions (Zotin et al., 2005).
Pb can be emitted to the atmosphere either from leaded-
gasoline combustion (Zheng et al., 2004; Gómez et al.,
2005), mechanical attrition (Salma and Maenhaut, 2006)
or incineration of vehicle tires (Gieré et al., 2006). In
1989, Brazil was one of the first countries to remove Pb
from automotive-gasoline.

The platinum-group elements (PGEs), primarily Pd, Pt
and Rh are currently used in modern automotive catalytic
converters for transformation of some pollutants, namely,
CxHy, CO and NOx, into less toxic substances (Gómez
et al., 2001; Petrucci et al., 2004; Zereini et al., 2004; Mor-
celli et al., 2005; Bocca et al., 2006). Other elements such as
Ce, La, Mo and Ni are also employed in the catalytic con-
verter formulations (Gandhi et al., 2003; Baldanza et al.,
2000; Morcelli et al., 2005; Zotin et al., 2005). In Brazil,
catalytic converters based on Pd/Rh are used for gasoline
vehicles (Morcelli et al., 2005), whereas Pd/Mo are used
for alcohol vehicles (Baldanza et al., 2000).

In the State of Rio de Janeiro, PM10 glass-fiber filters
are used by FEEMA, the environmental regulatory
agency of the State, to monitor airborne particles up
to 10 lm in aerodynamic diameter. High-volume sam-
plers with glass fiber filters have been widely used for
suspended PM collection in a number of contaminated
areas because of their high collection efficiency for partic-
ulates and low flow resistance, even when they may con-
tain relatively high levels of some trace elements as
impurities (Smichowski et al., 2005).

Atmospheric concentration of trace metals in Brazil has
been determined in some cities, such as Rio de Janeiro
(Quiterio et al., 2004a,b), Niterói (Sella et al., 2004), Rio
de Janeiro metropolitan area (Quiterio et al., 2005, 2006),
Campinas (Miranda and Tomaz, 2007) and Salvador
(Pereira et al., 2007). However, 24-h PM10 samples were
collected only for Campinas and Salvador. Moreover, no
report about atmospheric contamination by traffic-related
elements (Ce, La, Pd, Rh and Sb) in Brazil was found.

This study presents the concentrations of trace elements
collected on PM10 filters at five sites in the metropolitan
area of City of Rio de Janeiro, Rio de Janeiro State, Brazil,
from January to December 2005. Correlations between ele-
ments (Cd, Ce, Cu, La, Mo, Ni, Pb, Pd, Rh, Sb, Sn) and
PM10 concentrations were determined by Pearson’s corre-
lation analysis. Clusters analysis was applied to the PM10

levels.
2. Experimental

2.1. Equipment

A sector field ICP-MS instrument (Element; Finnigan
MAT), running in the low-resolution mode, was used for
the elemental analysis. Indium at final concentration of
1 ng g�1 was used as internal standard. The extraction of
the elements from the filters was performed by using a
heated ultrasonic bath (Thornton) or a microwave oven
(CEM Model Mars 5), a vortex mixer (FANEM Model
251) and a centrifuge (FANEM Model Excelsa 3 plus 280).

2.2. Reagents and standards

All reagents used were of the highest purity available or
at least of analytical reagent grade. Water was distilled and
deionized (Milli-Q, Millipore Corp., Millford, MA, USA),
and nitric acid was purified by sub-boiling double distilla-
tion in a quartz apparatus. Ultra-pure HCl solution
(Merck, Darmstadt, Germany) was used to prepare an acid
mixture containing 5.55% w/w of HNO3 and 16.75% w/w
of HCl. All calibration solutions and the internal standard
solution were daily prepared by diluting the 1000 mg l�1

stock solutions of the elements (Spex Industries Inc., Edi-
son, NJ, USA). All intermediate solutions were stored in
polyethylene bottles. Glassware was cleaned by soaking
in 10% v/v HNO3 for 24 h and rinsing at least three times
with Milli-Q water. Then, the material was dried and
stored in a class 100 laminar flow hood.

2.3. Sample collection

The climate of the metropolitan area of Rio de Janeiro
City is Atlantic tropical with summer rains and warm sum-
mers. In 2005, there were about nine million inhabitants
and two million registered vehicles. It experienced an aver-
age maximum temperature of 27.6 �C in March and an
average minimum temperature of 22.0 �C in June. Annual
average relative humidity was 73%. The rainfall varied in
the range of 6 mm in August to 183 mm in December.
Winds were predominantly southwest with monthly aver-
age speed varying in the range of 3.1–3.6 m s�1 (Meteoro-
logical National Institute of Brazil).

The sampling was conducted in five permanent sampling
stations of FEEMA in the metropolitan area of Rio de
Janeiro City (Fig. 1): Sumaré station (22� 550 S and 43�
130 W), considered as an altitude background site by
FEEMA, is located in a sub-tropical forest, about 700 m
above the sea level and close to a poor residential area
(slum); Centro station (22� 540 S and 43� 100 W) is located
in downtown Rio de Janeiro, on the margins of Guanabara
Bay, with intensive car and bus traffic; Copacabana station
(22� 570 S and 43� 110 W) is located inside an electrical sub-
station, near Copacabana beach, and it is a residential and
commercial area with intense car and bus traffic; Nova
Iguac�u station (22� 450 S and 43� 260 W) is placed in an



Fig. 1. Location of sampling sites: 1 - Copacabana; 2 - Sumaré; 3 - Centro; 4 - Bonsucesso; 5 - Nova Iguac�u.
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industrial and rural zone with heavy traffic; and Bonsuces-
so station (22� 510 S and 43� 150 W) is located near a resi-
dential, commercial and industrial area, near a major
avenue, a road with high traffic of trucks and cars. Finally,
Bonsucesso and Nova Iguac�u are located in flatlands
regions surrounded by mountains whereas Sumaré, Centro
and Copacabana are open areas with higher wind flow.

High-volume samplers, operating at about 1.2 m3 min�1

with PM10 glass fiber filters (20.3 cm � 25.4 cm), were used
to collect suspended matter, once a week, over a continu-
ous 24-h period, from January to December 2005. Only
for the Sumaré station, the samples from November to
December could not be collected by FEEMA. One sample
per month with the lowest rainfall was selected on the same
date in all stations, to represent the worst air pollution sit-
uation, totaling 58 samples.

2.4. Sample treatment

A method based on the EPA method (EPA, 1999) for
determination of trace elements in environmental PM
was used. A strip of about 2.5 cm � 20.3 cm of each filter
(exposed and blank filters) was cut on an acrylic plate, with
the aid of an acrylic ruler and a surgical stainless steel
blade. Each obtained strip was cut into 10 small fragments.
The fragments were carefully piled up and placed in verti-
cal position into a polyethylene centrifuge tube, which was
weighed before and after adding the fragments. The masses
of strips from blank and exposed filters were measured in
order to calculate the PM10 mass. An aliquot of 10 g of
acid mixture was added, such that the acid mixture covered
all the fragments of the filter.
2.5. Optimization of extraction conditions

Two digesting procedures for the extraction of the ele-
ments from the filters were tested by using microwave oven
or heated ultrasonic bath. The centrifuge tube containing
the acid mixture and the PM10 was placed into a heated
ultrasonic bath or into a polytetrafluoroethylene (PTFE)
extraction bomb. Water was added to the ultrasonic bath
or to the PTFE bomb, and the water level was maintained
above the content of the tube. The microwave oven operat-
ing conditions were as follows: first and second stages:
300 W, a ramp time of 5 min and a hold of 3 min and third
stage: 300 W, a ramp time of 23 min and a hold of 23 min.
The temperature of the ultrasonic bath was maintained at
69 ± 3 �C for 3 h. After cooling to room temperature, the
tube was weighed again to certify that no sample had been
lost. About 10 g of water was added, the tube was tightly
closed, and placed into a vortex mixer for 2–3 min to com-
plete the extraction. The phases in the tube were separated
by centrifugation for 20 min at 3000 rpm, and they were
allowed to stand overnight at room temperature. Then,
an aliquot of 6 g of supernatant was transferred to other
centrifuge tube by using a pipette. An aliquot of 1 g of a
10 ng g�1 indium standard solution, used as internal stan-
dard, and 3 g of water were added.

2.6. Statistical analysis

Pearson’s correlation analysis of the element and the
PM10 concentrations and cluster analysis (CA) of PM10

concentrations using Ward’s method and Euclidean
distances were performed with the STATISTICA 5.1
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(Statsoft) program. The correlation matrix [12 vari-
ables � 12 measurements] was applied to Bonsucesso,
Centro, Copacabana and Nova Iguac�u stations and the
correlation matrix [12 variables � 10 measurements] to
Sumaré station.

3. Results and discussion

3.1. Interference study

The interference studies did not show any interference of
molecular ions on the isotopes: 111Cd, 140Ce, 65Cu, 139La,
95Mo, 62Ni, 208Pb, 105Pd, 121Sb and 118Sn. In the case of
103Rh, the influence of 63Cu40Ar+ was corrected by a mathe-
matical equation.

3.2. Analytical performance

Similar results and precisions were obtained for the
microwave oven and ultrasonic bath procedures. However,
the ultrasound-assisted extraction was selected because
of the possibility of placing a greater number of samples
in the bath, and therefore, reducing the extraction proce-
dure time.

Detection limits (LODs) for the ultrasound-assisted
extraction method are: Cd (1.1 ng g�1); Ce (0.51 ng g�1);
Cu (0.88 ng g�1); La (0.61 ng g�1); Mo (0.82 ng g�1); Ni
(4.1 ng g�1); Pb (0.54 ng g�1); Pd (0.92 ng g�1); Rh
(0.57 ng g�1); Sb (0.71 ng g�1) and Sn (0.81 ng g�1). Plati-
num on the sampling filters was not detected
(LOD = 0.12 ng g�1).

To validate the ultrasound-assisted extraction method, a
recovery test was carried out by adding multielemental stan-
dard to a loaded filter with particulate matter. The recoveries
of the spiked sample were in the range of 88–115%.

3.3. Analytical results

The blank filter analyses (n = 5) indicated that the filters
contain significant concentrations (ng m�3) of all the eval-
uated elements, with exception of Cd (0.082 ± 0.002) and
Rh (0.070 ± 0.002), as follows: Ce (4.67 ± 0.09), Cu
(6.9 ± 0.2), La (2.67 ± 0.06), Mo (0.245 ± 0.007), Ni
(8.9 ± 0.2), Pb (3.12 ± 0.08), Pd (0.142 ± 0.007), Sb
(0.207 ± 0.003) and Sn (0.43 ± 0.01). All the blank values
were subtracted from the measured concentrations.

Table 1 summarizes 24-h PM10 chemical data obtained
in this work and in other cities: Campinas (urban area),
located in a large industrial pole, situated 100 km north-
west of the metropolitan area of São Paulo, Brazil (Mir-
anda and Tomaz, 2007); Salvador downtown city, Bahia,
Brazil, featured by heavy commercial and service activities
and with car traffic (Pereira et al., 2007); Genoa, the most
populated coastal town in the northwest of Italy (Ariola
et al., 2006); Barcelona, located on the northeastern coast
of Spain (Viana et al., 2006) and sites in Göteborg, Sweden,
with heavy and low traffic (Rauch et al., 2001).
Comparison between PM10 average concentrations
revealed that the values for Centro, Copacabana and
Sumaré were 1.4–3.4 lower and for Bonsucesso and Nova
Iguac�u were similar to that reported for Salvador (Pereira
et al., 2007). Average concentrations of PM10 for Copaca-
bana, Bonsucesso and Nova Iguac�u were 1.2–1.9 times
higher, for Sumaré was 2.0 times lower and Centro was
similar to that reported for Genoa (Ariola et al., 2006).
Also, average concentrations of PM10 for Sumaré and Cen-
tro stations were 2.4 and 1.3 times lower than the European
limit of 50 lg m�3 (Ariola et al., 2006), respectively.
Sumaré, an altitude background station, presented the low-
est value of PM10 (21.2 lg m�3).

Average concentrations of Ni for all stations, except for
Sumaré, were 3.2–12.6 times higher than that registered for
Campinas (Miranda and Tomaz, 2007). On the other hand,
average concentrations of Cd for all stations, except Nova
Iguac�u (1.7 times higher), were 4.5–9.4 times lower than
that observed for Campinas. Average concentrations of
Cu for Centro, Nova Iguac�u and Sumaré were 5.2–22.9
higher than those reported for Campinas and Salvador
(Pereira et al., 2007). Average concentrations of Cu for
Bonsucesso, Copacabana and Sumaré stations were 2.6–
4.3 times lower, for Centro was similar and for Nova Igua-
u was 1.5 times higher than that reported for Barcelona
(Viana et al., 2006). Average concentrations of Pb found
in this work were 1.2–38 times lower than the EPA stan-
dard of 1.5 lg m�3 (EPA, 1997) and that reported for Bar-
celona. However, they were 2.5–16.9 times higher than that
published for Campinas. Furthermore, average concentra-
tions of Pb for Bonsucesso, Copacabana and Nova Iguac�u
were 1.4–5.1 times higher, for Centro was 1.3 times lower
and for Sumaré was similar to that registered for Genoa
(Ariola et al., 2006). The difference between Pb concentra-
tions obtained for Rio de Janeiro and those reported for
other sites needs a further investigation, since Pb concen-
trations for Rio de Janeiro do not reflect the long time
use of lead-free fuels in Brazil. Average concentrations of
Sb and Sn for all stations were 4.2–41 times lower than
those published for Barcelona. Average concentrations of
Pd for all stations were 24–607 times higher than that reg-
istered for Göteborg (Rauch et al., 2001). Also, average
concentrations of Rh obtained for all stations were 1.6–
300 times higher than those registered for Göteborg.
Ranges of average concentrations of 0.65–8.3 ng m�3 La
and 0.43–2.6 ng m�3 Mo were also found.

The lowest average concentrations of Cd, Ce, La, Mo,
Ni, Pd, Rh and Sb were found for Sumaré, considered as
an altitude background station. However, these lowest val-
ues are still high, especially for Cd, Mo and Ni. Average
concentrations of Sn and Pb obtained for Sumaré were
higher (2.9 times and 1.5 times) than those found for Cen-
tro, respectively. Also, the average concentration of Cu for
Sumaré was higher (1.7 and 1.5 times) than those obtained
for Bonsucesso and Copacabana, respectively. High Cu
concentrations found for Sumaré are probably due to
waste incineration (Pereira et al., 2007; Smichowski et al.,



Table 1
Comparison between 24-h PM10 chemical data at sites of Rio de Janeiro over the year 2005 and those reported for other sites

Element This study Other studies

Station

Bonsucesso Centro Copacabana Nova Iguac�u Sumaré Campinasa Salvadorb Genoac Barcelonad Göteborge

Range Mean Range Mean Range Mean Range Mean Range Mean Mean Mean Mean Mean Mean Mean

High traffic Low traffic

Cd 0.44–1.8 1.1 0.14–1.03 0.56 0.33–2.1 0.74 2.30–28.8 8.7 0.16–0.84 0.53 5 4
Ce 2.3–6.1 4.4 0.38–2.9 1.5 0.76–3.7 2.2 9.6–24.0 13.7 0.17–2.7 1.2
Cu 40.0– 84.2 63.3 199–381 268 40.2–146 71.0 233–962 414 70.7–124 105 18.1 79.2f 275
La 1.2.–2.9 2.3 0.24–1.7 0.89 0.39–1.6 1.1 5.5–11.9 8.3 0.20–1.2 0.65
Mo 0.50–1.9 0.96 0.29–2.0 0.65 0.22–1.2 0.83 1.7–5.3 2.6 0.08–0.87 0.43
Ni 12.7–21.2 19.2 10.4–16.0 13.9 13.9–20.8 16.9 39.0–83.2 54.3 2.6–9.0 5.2 4.3 42
Pb 12.7–66.1 37.7 2.3–22.1 9.1 4.0–51.9 16.6 38.7–94.6 60.7 4.3–23.5 13.6 3.6 12 346
Pd 0.13–0.69 0.33 0.10–0.47 0.16 0.17–0.28 0.22 0.55–2.1 0.85 0.06–0.33 0.12 0.0049 0.0014
Rh <L.D.–0.06 0.05 <L.D.–0.05 0.04 <L.D.–0.06 0.03 0.12–0.25 0.15 <L.D.–0.07 0.02 0.0029 0.0005
Sb 1.0–11.6 4.8 0.46–4.3 1.9 1.2–19.1 4.0 7.3–30.4 13.6 0.27–2.8 1.4 57
Sn 0.77–7.0 3.3 0.35–3.8 1.4 0.62–13.9 3.1 3.9–15.0 6.6 0.04–9.6 4.0 24
PM10 41.3–112 75.4 18.0–63.0 39.6 32.7–78.1 51.5 48.4–101 77.4 4.8–35.8 21.2 71.7 41.2

Element concentrations in ng m�3; PM10 concentrations in lg m�3; L.D. - Limit of detection.
a (Miranda and Tomaz (2007)).
b (Pereira et al. (2007)).
c Ariola et al. (2006).
d Viana et al. (2006).
e Rauch et al. (2001).
f The highest value.
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2005), which is carried out by the poor people who live
near the station. On the other hand, Nova Iguac�u station
showed the highest concentrations of the studied elements,
reflecting a very polluted site.

Similar Pd/Rh average concentration ratios (mean =
5.9 ± 1.2) were found for all stations, indicating that these
elements are probably associated to catalytic converters
erosion and deterioration, since a Pd/Rh concentration
ratio range of 5–9 in the commercial catalytic converters
has been reported (Granados et al., 2006; Lambrou et al.,
2004; Lassi, 2003). Also, these results are in agreement with
those (Pd/Rh = 6.9 ± 1.8) obtained for 22 soil samples
collected near a highway in São Paulo, Brazil (Morcelli
et al., 2005), emphasizing the fact that PGEs are emitted
to the atmosphere from catalytic converters. Similar
Mo/Ni average concentration ratios (mean = 0.055
± 0.015) were found for all stations. These atmospheric
emissions are probably associated to catalytic converter
erosion and deterioration, since both elements are
employed in their formulations (Gandhi et al., 2003; Zotin
et al., 2005). Also, Mo and Ni emissions can be associated
to steel material detrition, since they are used in the steel
composition (Querol et al., 2007). Similar Ce/La average
concentration ratios (mean = 1.8 ± 0.1) were found for
all stations. Although these elements can be related to cat-
alytic converters, in this case, these elements were probably
originated from natural source (soil particle resuspension),
since a Ce/La average concentration ratio range of 5–7 in
commercial catalytic converters has been reported (Zotin
et al., 2005). Moreover, Ce/La average concentration ratio
ranges for soil samples of 1.4–1.7 (Figueiredo et al., 2007)
and 1.25–2.5 (Kitto et al., 1992) have been registered. Sim-
ilar Pb/Sb average concentration ratios (mean = 6.2 ± 2.5)
were found for all stations, whereas a mean of 4.5 ± 0.3
was found for Copacabana, Centro and Nova Iguac�u. This
fact indicates that these elements are probably associated
to traffic, particularly break wear (Sternbeck et al., 2002).

3.4. Statistical analysis

The dendogram of the cluster analysis of PM10 concen-
trations (Fig. 2) gave two main clusters (Nova Iguac�u/
Bonsucesso and Sumaré/Centro/Copacabana). These
results are in agreement with the different topographical
features of the sites (item 2.3). Bonsucesso and Nova Igua-
u have lower transport of particulate matter by the winds
than Sumaré, Centro and Copacabana.

Table 2 shows Pearson’s correlations (�0.60 P r P
0.60, p 6 0.03) between elements and PM10 concentrations.
All stations showed positive correlations (r P 0.60,
p 6 0.04) between PM10 and elements (La and Mo for Cen-
tro, Mo for Copacabana, Mo for Sumaré and La, Ce and
Mo for Bonsucesso and Nova Iguac�u). These results indi-
cate that Mo is an important constituent of the particulate
matter for all stations. Similar significant positive correla-
tions (P0.72, p 6 0.01) between PM10 and elements (La,
Ce, Mo, Pb and Sn) for Bonsucesso and Nova Iguac�u were
found. This similarity is in agreement with cluster analysis
of PM10 concentrations (Fig. 2). The same fact is not
observed in Centro and Copacabana, probably due to high
contribution of marine elements to the particulate matter
in Copacabana. High positive associations (r P 0.80,
p 6 0.003) between pairs of elements were found for all
sites: La/Ce and Mo/Pd for Bonsucesso; Mo/La, Mo/Pd
and La/Ce for Centro; La/Ce for Copacabana and Sumaré
and Mo/La and La/Ce for Nova Iguac�u. The high positive
correlations between La/Ce are in agreement with the
results of Ce/La concentration ratios (item 3.3). High posi-
tive associations between Mo/Pd found for Bonsucesso and
Centro indicate that Mo was probably emitted from cata-
lytic converter erosion and deterioration.

High positive correlations (r P 0.80, p 6 0.003) between
Sn/Sb for Bonsucesso; Sn/Pb, Sb/Pb, Sb/PM10, Sn/Sb and
Pb/PM10 for Centro; Cd/Cu, Sn/Sb, Cd/Sb, Cd/Sn, Sb/Cu,
Sb/Pb, Sn/Pb, Cd/Pb and Sn/Cu for Copacabana; Sb/Pb
and Pb/PM10 for Nova Iguac�u and Cd/PM10, Sb/Pb, Cd/
Sn, Sn/PM10, Sn/Pb, La/Pb, Mo/Sb, Cd/Sb, Cd/Pb, Sn/
Sb, Sb/La, Sb/PM10 and Pb/PM10 for Sumaré may also
indicate pollution from automotive sources.

High positive correlations (r P 0.83, p 6 0.001) between
Cu and other elements (Cd, Sn and Sb) were found for
Copacabana, indicating that Cu may be associated to auto-
motive emissions, since in Copacabana there are no indus-
trial activities. On the other hand, no correlation (r P 0.60,
p 6 0.04) with Cu was found for other sites, except a low
one for Bonsucesso (Sb/Cu, r = 0.65, p = 0.02), reflecting
a different emission source. Also, significant negative corre-
lations between Cu/Pd (r = �0.77, p = 0.01) and Cu/Ce
(r = �0.66, p = 0.02) were found for Sumaré. The unex-
pected high levels of Cu may be explained by waste incin-
eration that occurs in the slum located near this station.

Significant positive correlations between Ni and Mo
with catalytic converter elements (Ni/Pd, r = 0.78,
p = 0.003; Mo/Ni, r = 0.72, p = 0.01; Ni/Rh, r = 0.60,
p = 0.04) were found only for Copacabana, indicating that
these elements may be associated to traffic, particularly



Table 2
Pearson’s correlation coefficients between elements and PM10 (�0.60 P r P 0.60, p 6 0.03)

Bonsucesso Centro Copacabana Nova Iguac�u Sumaré

La/PM10 0.93 Sn/Pb 0.99 Cd/Cu 0.94 La/PM10 0.90 Cd/PM10 0.98
La/Ce 0.93 Sb/Pb 0.91 Sn/Sb 0.94 Mo/PM10 0.89 Sb/Pb 0.96
Sn/Sb 0.86 Sb/PM10 0.91 La/Ce 0.94 Sb/Pb 0.89 La/Ce 0.95
Mo/Pd 0.84 Mo/La 0.90 Cd/Sb 0.92 Ce/PM10 0.88 Cd/Sn 0.94
Ce/PM10 0.79 Sn/Sb 0.88 Cd/Sn 0.90 La/Ce 0.86 Sn/PM10 0.92
Mo/La 0.77 Mo/Pd 0.84 Sb/Cu 0.90 Pb/PM10 0.84 Sn/Pb 0.91
Cd/Sb 0.75 La/Ce 0.83 Sb/Pb 0.88 Mo/La 0.81 La/Pb 0.88
Sn/Pb 0.75 Pb/PM10 0.81 Sn/Pb 0.87 Mo/Sn 0.78 Mo/Sb 0.85
Cd/Sn 0.74 La/PM10 0.79 Cd/Pb 0.84 Sn/Pb 0.78 Cd/Sb 0.85
Sn/Pd 0.73 Cd/Pb 0.78 Sn/Cu 0.83 Mo/Ni �0.78 Cd/Pb 0.85
Mo/PM10 0.72 Cd/Sb 0.76 Ni/Pd 0.78 Mo/Pb 0.76 Sn/Sb 0.85
Sb/PM10 0.68 Sn/PM10 0.74 Pb/Cu 0.74 Mo/Ce 0.75 Sb/La 0.84
Sb/Cu 0.65 Cd/Sn 0.73 Mo/Ni 0.72 Sn/PM10 0.75 Sb/PM10 0.84
Sb/Pd 0.64 Mo/Sb 0.71 Mo/La 0.68 Sn/Ce 0.72 Pb/PM10 0.82
Pb/PM10 0.64 La/Pd 0.71 Rh/Pd 0.64 Pb/Ni �0.71 Cu/Pd �0.77
La/Pb 0.61 Sb/La 0.71 Ni/Rh 0.60 La/Pb 0.70 Ce/Pb 0.75
Sn/PM10 0.61 Mo/PM10 0.70 Mo/Pb 0.60 Sn/Sb 0.70 Mo/Pb 0.73
Mo/Ni �0.61 Cd/PM10 0.70 Mo/PM10 0.60 Ce/Pb 0.68 Rh/Pd 0.72
Sb/La 0.60 Sn/La 0.68 Mo/PM10 0.70

Ni/PM10 �0.68 Sb/Ce 0.69
La/Ni �0.67 Mo/Cd 0.66
Rh/Pd 0.60 Ce/Cu �0.66

Mo/Sn 0.65
Sn/La 0.64
Cd/La 0.62
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with erosion and deterioration of catalytic converters.
Although similar Mo/Ni concentration ratios were found
for all stations (item 3.3), significant negative correlations
between Mo/Ni (r = �0.61, p = 0.03 and r = �0.78,
p = 0.003) were found for Bonsucesso and Nova Iguac�u,
respectively, suggesting that, in these sites, Ni and Mo were
emitted from different sources.

4. Conclusions

Samples collected at different sites in Rio de Janeiro
indicated the presence of particulate matter containing
elements (Mo, Pd and Rh) that can be associated to
the automotive traffic, particularly to the catalytic con-
verter erosion and deterioration. Also, the elements Pb
and Sb were found, and they are probably associated
to vehicle engine, tire rubber and brake lining abrasion.
Pt was not detected, indicating that the element was
not used or was used in very low concentration in the
catalytic converter formulations. The atmospheric con-
tamination by Ce and La are probably associated to
the soil resuspension. Although the Pb concentrations
obtained in this work were lower than EPA standard,
the difference between Pb concentrations obtained for
Rio de Janeiro and those reported for other sites needs
a further investigation, since Pb concentrations for Rio
de Janeiro do not reflect the long time use of lead-free
fuels in Brazil. Sumaré, an altitude background station,
was contaminated by the traffic and waste incineration.
Nova Iguac�u was the most polluted site.
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