Bull. Environ. Contam. Toxicol. (2004) 72:916-922 s Environmental
© 2004 Springer-Verlag New York, LLC gCuntam_inatiun
DOL: 10.1007/500128-004-0331-2 i and Toxicology

Metals in Airborne Particulate Matter in Downtown Rio de
Janeiro, Brazil

S. L. Quiterio," V. Escaleira,® C. R. S. Sousa,' L. F. P. G. Maia,® G. Arbilla’

' Physical Chemistry Department, Federal University of Rio de Janeiro, CT, Building
A, Room 408, 21949-900, Cidade Universitaria, Rio de Janeiro, RJ, Brazil

2 National Center of Soil Research, EMBRAPA, Jardim Botanico Street, 1024,
22460-000, Rio de Janeiro, RJ, Brazil

3 Laboratory of Research on Atmospheric Pollution, Meteorological Department,
Federal University of Rio de Janeiro, CCMN, Building H2, Room 004, 21949-900,
Cidade Universitaria, Rio de Janeiro, RJ, Brazil

Received: 9 July 2003/Accepted: 5 March 2004

Anthropogenic emissions are the main source of toxic trace metals in urban areas
where several sources, as vehicle exhausts and energy production, release large
quantities of pollutants into the atmosphere (Bilos et al. 2001). To our knowledge,
there are no reports of metals in airborne particulate matter for the city of Rio de
Janeiro. The metropolitan area of Rio de Janeiro, located on the Atlantic coast of
Brazil, has about six million inhabitants distributed over an area of 1255 km>. The
climate is tropical, hot and humid type, with an annual average temperature of
22°C, high daily averages in summer (between 30°C and 32°C) and annual
rainfalls varying from 800 to 1000 mm. The main pollution problem in this city
are the high levels of particulate matter, which in several areas exceed the WHO
guidelines (Mage et al. 1996) and the Brazilian air quality standards (FEEMA
2003; SMAC 2003).

Since the emissions and levels of trace metals and particulate matter are strongly
related, the heavy metal concentrations were determined in order to characterize
the air quality of the region.

MATERIALS AND METHODS

The study area, Cinelandia, is located in the center of the city of Rio de Janeiro.
The area is representative of downtown vehicle fleet, including light duty and
diesel fueled heavy duty vehicles.

Samples were taken period September 2001 to August 2002, during 24h, using a
high volume sampler (1,1 — 1,7 m>.min) from Energética and borosilicate glass
microfiber filters (Energética, Rio de Janeiro, Brazil, 254 X 203 mm, thickness
0,22 mm).

Total suspended particulate matter (TSP) masses were determined by gravimetry,
drying and weighing the filters to constant weight. For analysis of trace metals,
the filters were extracted by adding SmL of nitric acid (Merck Suprapur 65%), 2
mL of hydrochloric acid (Merck Suprapur 36%) and 10 mL of ultrapure water
(18MQ.cm™ of specific resistivity) in a pyrex tube and stilling for two hours at
95°C. The extracted solution was filtered, completed to S50mL with ultrapure water
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and kept in pre-cleaned polyethylene bottles in the refrigerator until analysed
(Serrano et al. 1996; Beceiro Gonzalez et al. 1997).

Trace metal analysis was performed by Inductively Coupled Plasma Atomic
Emission, Optima 3000 Perkin Elmer, with an atomic absorption
spectrophotometer (ICP — AES), following Method 10 — 3.4 (1999).

The accuracy of the method was evaluated using a standard reference material
(SRM 11355 ICP Multi Element Standard IV, Nist, 2000 from the U. S.
Department of Commerce, National of Standards and Technology, Washington,
D.C.). The obtained results were in the range of the reference material.

Detection and quantification limits were calculated as 0.003 mg L™ for Mn, Zn, Cr
and Fe, 0.015 mg L™ for Al and Cd, 0.006 mg L™ for Cu, 0.012 mg L™ for Ni and
0.018 mg L™ for Pb.

RESULTS AND DISCUSSION

The monthly mean values observed for TSP are shown in Figure 1. Primary and
secondary standards for Brazil are shown for comparison (CONAMA 1990). The
geometric mean for the period (September 2001 — August 2002) was 133 + 48 pg
m™, which is 1.66 times the primary national standard and 2.2 secondary national
standard. This value is higher than mean annual concentrations reported for Tokyo
(Japan), Montreal (Canada), Sydney (Australia) and some Latin American urban
arcas as Caracas (Venezuela), San Salvador (El Salvador) and Cordoba
(Argentine). Similar mean values were reported for Buenos Aires (Argentine),
Sdo Paulo (Brazil), Guayaquil (Equador) and Lima (Peru) (Baldosano et al. 2002).

Mean values and amplitudes for the concentrations of trace metals are presented
in Table 1 (54 samples). Results for typical urban and remotes regions as well as
USA National Standards and the WHO guidelines are shown for comparison.

The concentrations of Mn, Fe, Cu, Cr, Ni, Cd and Pb were 1.6 — 53 times lower
than those reported for USA and European cities (Lantzy and Mackenzie 1979).
The values of Cr and Pb were also lower than those reported for the downtown
area in La Plata (Argentine). Mn, Fe, Zn, Cu and Cd levels are comparable to the
values registered in downtown area in La Plata (Argentine) (Bilos et al. 2001). Al
levels were 47 — 1186 higher than typical values for urban areas and Ni mean
concentration was 645 times higher than EPA standard.

The concentrations of airborne metals were relatively low in comparison to values
reported for not highly polluted cities. This fact reflects the main activities
developed in the area (administrative and commercial) and suggest that the main
emission sources are vehicle exhausts.

The higher levels of TSP may be attributed to diesel vehicle emissions which
represent about 15 % of the total fleet.
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Figure 1. Monthly mean values of TSP (ug m™) for Cinelandia area in the period
September 2001 to August 2002. Primary (PS) and secondary (SS) national
standards are also shown.

In order to get some insight about the sources of metals and the main correlation
among them, cluster analysis (Ward's method; Euclidean distances) and principal
component analysis (PCA) were applied.

Initially, the metals and TSP levels were taken into account for the analysis. The
correlation matrix [54 x 16] gave three clusters and three significant principal
components (PCs), which explain 79% of the data variance. The dendogram is
presented in Figure 2 and the PCA results in Table 2. Three main groups may be
identified.

If TSP concentrations are not considered in the construction of the correlation
matrix [43 x 15], similar results are obtained.

The main PC1 components (Ca, Mg, Mn and Fe) are probably attributed to natural
inputs, mainly soil-derived dust. Pb and Cu are probably due to anthropogenic
emissions. Pb can not be ascribable to motor vehicle emissions since it has been
banned, in Brazil, since 1995.

Enrichment factors (EFs) relative to continental crustal abundances were also
calculated to help the identification of anthropic and natural sources (Bilos et al.
2001, Taylor et al. 1995, Webelements 2003). Average values are 77 and 42 for
Pb and Cu, respectively, confirming the importance of anthropogenic inputs.

Ni has been identified as one of the main pollutants in the industrial and suburban

areas of Rio de Janeiro. However, the calculated EF is 1.7 which is compatible to
prevailing natural source.
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Figure 2. Dendogram of the cluster analysis of metals and TSP levels.

PC2 components may be associated to vegetation burning (K), marine aerosol
(Na) and dust resuspension (Al). The high Al concentrations may be related to the
composition of soils in the Metropolitan area of Rio de Janeiro (gnaisse rocks).
The average EF for Zn was calculated as 324 reflecting an anthropogenic input.

Regression analysis shows a correlation between, Mn and Ca (R = 0.88), Ca and
Mg (R= 0.77), Mn and Mg (R = 0.81) and, also, between Fe and Mn (R = 0.94)
and Ca (R = 0.85) and Mg (R = 0.84) and between K and Na (R=0.81), Na and Al
(R = 0.72); K and Al (R=0.90), confirming that they probably have the same
origin.

EFs for Cr and Co were lower than 1.0 and for Cd an average value of 126 was

obtained.

The EFs for Pb, Cu, Zn and Cd suggest anthropogenic inputs while for the other
metals the main contributions are natural processes.

Similar results were obtained by Bilos et al. (2001) for La Plata (Argentine).
These data are, to our knowledge, the first report on airborne particulate metals for
a Brazilian city and can be considered an index of air quality in the urban area of
Rio de Janeiro.
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Table 2 - Results of PCA for the correlation matrix [54 x 16]. All metals and TSP
were considered for the construction of the matrix.

PC 1 2 3
Eigenvalues 54 4.1 1.4
% total variance 36.1 27.4 9.1
MP 0.70 -0.06 -0.36
Ca 0.92 0.24 0.04
Mg 0.85 -0.07 -0.33
K -0.10 0.96 0.12
Na -0.04 0.85 0.35
Mn 0.94 -0.13 0.01
Fe 0.93 -0.14 -0.02
Zn 0.03 0.95 0.22
Cu 0.58 0.05 -0.45
Cr 0.27 0.22 0.75
Co 0.37 0.21 0.19
Ni 0.63 0.12 0.12
Al 0.14 0.95 -0.06
Cd -0.13 0.20 0.69
Pb 0.77 -0.03 0.26
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