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The Baixada Fluminense (BF) is a region of approximately 2,512 km?, located in
the northern region (Basin III) of Rio de Janeiro Metropolitan Area (RIMA), Brazil,
The region has a population of 2,423,141 people which represents 40 % of the total
population of the RIMA. The land use in the BF is distributed in residential,
industrial and commercial sectors. The main pollution problem in this region 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). A crude update of the emission inventory showed that 80% of total
particulate emissions come from industry, 11% from garbage burning and 9% from
vehicles (World Bank 1997). The climate is tropical, hot and humid type, with an
annual average temperature of 24. 5%, h1gh daily averages in summer (between
30°C and 35°C) and annual rainfalls varying from 780 to 1100 mm.

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

Samples were taken in the period February 2002 to July 2003, every six days,
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) was determined gravimetrically, by
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 standing for two hours at
95°C. The extracted solution was filtered, made to SOmL with ultrapure water 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-QES), following Method 10-3.4 (1999).
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Detection limits were calculated as 3 ng m™ for Mn, Zn, Cr and Fe, 15 ng m™ for Al
and Cd, 6 ng m™ for Cu, 12 ng m™ for Ni and 18 ng m™ for Pb. The accuracy of the
method was evaluated using a standard reference material (SRM 11355 ICP Multi
Element Standard IV, Nist, 2000 from the U. 8. Department of Commerce,
National of Standards and Technology, Washington, D.C.). The obtained results
were in the range of the reference material.

Experimental data were analysed by CA (cluster analysis) using the STATISTICA
(Statsoft) programme.

RESULTS AND DISCUSSION

The geometrical means values observed for TSP are shown in Figure 1. Primary
and secondary national standards are 80 pg m™ and 60 pg m>, respectively
(CONAMA 1990). The geometrical means for the seven districts were (in units of
ug m™): Belford Roxo (BR), 144.2 + 59.2; Japeri (JP), 190.7 + 47.8; Magé (MQ),
55.4 + 15.9; Mesquita (MQ), 241.6 + 40.0; Nova Iguagu (NI), 184.3 + 50.4;
Queimados (QU), 112.6 + 60.0 and Sio Jodo de Meriti (8), 149.2 + 33.9. These
values are higher than mean annual concentrations reported for Tokyo (Japan),
Montreal (Canada), Sydney (Australia) and some Latin American urban areas as
Caracas (Venezuela), San Salvador (El Salvador) and Cordoba (Argentine). They
are also higher than values reported for the Industrial District of Santa Cruz (87 ug
m® ) and Cinelandia (133 pg m™ ), both in the RIMA (Quiterio et al. 2004a,
Quiterio et al. 2004b). Similar mean values were reported for Buenos Aires
(Argentine), S8o Paulo (Brazil), Guayaquil and Quito (Equador) and Lima (Peru)
(Baldosano et al. 2002).

Mean values for the concentrations of trace metals are presented in Figure 2. Also,
for comparison, results for typical urban and remotes regions as well as USA
National Standards and the WHO guidelines are shown.

In all districts, excepting MG, mean values for Mn, were 2.9 — 8.3 higher than
reported values for La Plata (Argentine) (Bilos et al. 2001) and 1.8 — 3.8 higher
than reported values for Milan, Italy (Rizzio et al. 1998). In NI, Cd mean
concentration was 2.2 and 2.8 higher than values recommended by US-EPA
(ATSDR 2002) and WHO, respectively (WHO 2002). In all districts, excepting
MG, mean values for Fe were 2.7 — 7.8 higher than reported values for
Birmingham, UK (Harrinson et al., 1996) and 1.8 — 3.8 times higher than the mean
value for Tito Scalo, Italy (Ragosta et al. 2002). Mean concentrations for Zn were
higher than typical values in European and North American cities (Lantzy &
Mackenzie 1979). Values were also 1.1 — 88 times higher than reported
concentrations for industrial areas such as Southeast Chicago, USA (Sweet et al.
1993) and La Plata, Argentina (Bilos et al. 2001),

A similar situation was found for Cu, with mea values 2.7 - 18.0 times higher than
the mean value for Southeast Chicago, USA (Sweet et al. 1993).

Al concentrations were extremely high in comparison with typical values for urban
areas {TPAI 1999).
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Figure 1. Geometrical means values of TSP (ug m™) for districts BF area in the
period February 2002 to July 2003.

Excepting Queimados, mean concentrations for Ni were 1.2 — 2.4 higher than
recommended values (ATSDR 2002). Pb levels were comparable or lower than
remote area typical values (Veron et al. 1992) since in Brazil, it was banned as a
gasoline additive and is not used since 1992. According to Brazilian legislation, Pb
concentration should be lower than 0.005g.L’1, the detection limit of ASTM D-3237
Method (ANP 2004).

The mean value for Cr concentrations was lower than the US-EPA standard
(ATSDR 2002). The large Na and K levels are probably due to the proximity of the
Atlantic coast and the biomass burn.

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. Since results for both methods were
similar, only the dendograms are shown in Figure 3.
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Figure 2. Mean values for the concentrations of trace metals in seven districts of
BF. Typical values for industrial and urban areas and quality of regulatory agencies
are shown for comparison (La Plata — LP; Milan, Italy — MI;Birmingham, UK -BI;
Tito Scalo, Italy — TS; European and North American cities — UE; Southeast
Chicago, USA — SC,; typical values -TV)).
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Figure 3. Dendograms of the cluster analysis of metals and TSP.
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Figure 4. Enrichment factors for the mean concentrations.

The statistical analysis fails to show a geographical distribution of emission sources
and a clear distribution between natural and anthropic sources. For each metal a
different distribution of metals in the dendogram is found. This fact may be
attributed to the presence of many sources for each pollutant and transport
processes within Basin III and shows that this region has common characteristics
regarding air pollution.

Enrichment factors (EF) for the mean concentrations (Caroli et al. 1996) were
calculated using K as reference. For Ca, Mg, K, Na, Mn, Fe, Cr, Co, Ni and Al, the
values are in the range 0.0 - 2.0, suggesting a natural input. Zn, Cu, Cd and Pb
values are in the range 10.2 - 190.4 confirming that for these elements anthropic
sources prevail over natural inputs (Figure 4). A similar result was obtained in a
previous work for downtown Rio de Janeiro (Quiterio et al. 2004b). These metals,
are probably due to local industrial activities (metallurgical and structural steel
manufacture, solvent and paint production) and to diesel and high duty vehicles
emissions. The high concentrations of Al may be attributed to mineral extraction
activities and to dust suspension in areas without paved streets and parklands. For
this reason, EF fails to identify this metal as being of anthropic origin.
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