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SUMMARY. Rainwater samples were collected and analyzed to provide information about its
composition and contamination. The samples have being collected since September 1993. Na ,
NH, , K, Mgz", Cca’’, F, CI, NO;, SO,> contents were determined in rainwater samples.
Surface meteorological information are also being analyzed to interpret the information
regarding the characteristics of Sao Paulo rain chemistry. This study suggests that the
precipitation is strongly influenced by anthropogenic and marine sources.
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INTRODUCTION

The acid precipitation, in several regions of the world, is an atmospheric contamination, mainly
due to anthropogenic activity. The rainwater composition depends on the pollutant load on the
atmosphere and on meteorological conditions, such as type, rainfall rate, wind direction and
season of the year. The city of Sdo Paulo is located 80 km away from the Atlantic Ocean and is
700 to 900 m high. The topography of the city is complex and the air flux is strongly influenced
by local conditions.

The weather in the Sio Paulo Metropolitan Area (SPMA) presents a dry winter and a wet
summer. August precipitation (winter month) is about 40 mm, while February (summer month)
precipitation is about 200 mm. The winds blow predominantly from the northwest to southeast
and from the southeast to northwest during the afternoon, due to the sea breeze circulation. The

average temperatures are 22°C, in summer, and 16°C, in winter.
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In Sdo Paulo city there are many heavy industries, such as: siderurgic, metallurgic, cement,
cellulose and paper, oil refinery; 4.5 million vehicles and a population of 16 million inhabitants,
whose compounds released by their activities contaminate the atmosphere.

In this study, rainwater samples were collected on an event basis and analyzed for pH and SO,”,

NO;, CI', F, Na', NH,', Ca*" and Mgz* species by ionic chromatography.

MATERIALS AND METHODS

Samples are being collected in an event basis, just after the precipitation, since September 1993
at the top of the building of the Astronomy and Geophysics Institute, located at the campus of
the University of Sdo Paulo, using a Thies Clima automatic sampler, which separates wet and
dry depositions.

Wet deposition samples were filtered in 0.4 um Nuclepore filters and pH was measured. One
fraction was acidified to pH 1.5 with purified nitric acid and stored at 4°C for later metal
analysis. The other fraction was stored at 4°C for ionic species analysis by ionic

chromatography. The analytical procedure was the same used and described in a previous work”.

RESULTS AND DISCUSSION

Analytical quality control

The analytical quality control was carried out by means of the analysis of the Simulated
rainwater (NIST-SRM-2694II) reference material. Results obtained are in good agreement with
certified values, as shown in Table 1. Precision and accuracy were lower than 5.8% and 4.6%,
respectively.

Table 1. Results obtained for NIST-SRM-2694I1 reference material, mg L'

Specie Mean + SD Certified values RSD, % Error, %
Na 0.420 +0.007 0423 +0.012 1.7 0.7
NH, 1.07 +0.03 (1.06) 2.8
K’ 0.106 £ 0.005 0.108 +0.003 4.7 1.8
Mgh 0.049+£0.002 0.0484 +£0.0010 4.1 1.2
Ca® 0.036 £0.002 0.0364 +0.0006 5.5 1.1
F 0.103 £0.006 0.108 £0.004 58 4.6
cr 0.96 +0.03 (0.94) 3.1
NO;y 7.12+£0.15 7.19+0.16 2.1 1.0
SO, 10.5 +0.06 10.6 +0.1 0.6 0.9

RSD - Relative standard deviation



Rainwater results
The method was applied to the analysis of 26 samples collected from September/93 to May/94.
Table 2 presents range, arithmetic means and volume weighed means (VWM) for each analyzed

specie in peq L'

Table 2. Range, arithmetic means and volume weighed means (VWM) for each
specie analyzed in Sdo Paulo rainwater samples, in peq L™

Specie Range Mean + SD VWM
pH 4.05-6.28 4.54+0.50 4.47
Na' 0.35-56.11 11.47 +13.48 10.45

NH,’ 0.22 - 409.65 34.85 + 78.70 26.13
K’ 0.13 -65.73 10.74 + 14.19 8.51

Mg*’ 0.08 - 34.56 6.75 + 10.00 4.83

i 0.30 - 270.96 22.44 + 5423 12.06
F 0.53-22.11 3.65+4.68 2.44
Cr 0.56 - 188.98 21.85 +47.40 17.07
NO; 0.15-61.45 28.37 +16.67 26.14

SO,” 5.0-8932 38.73 +21.32 34.59

The expression “acid rain” is applied when the rainwater pH is lower than 5.6, which is the pH
of water in equilibrium with carbon dioxide at atmospheric concentration. The VWM for the
period was 4.47, corresponding to a hydrogen concentration of 33.9 peq L'

Nitrate, sulphate and chloride are the principal anions found in these Sido Paulo rainwater
samples. Nitrate and sulphate are correlated with hydrogen ions, being considered responsible
for rainwater acidity. Probably, chloride ions do not contribute to rainwater acidity as there is no
correlation between the chloride and the hydrogen ions.

Although a high sulphate and nitrate concentrations have been observed in the same events, the
pH was not acid, probably due to high Ca’ and NH,' contents, which neutralize the
precipitation.

Figure 1 presents the temporal variation of ammonium, nitrate and sulphate rainwater
concentrations (in peq/ml), characterizing high Pearson correlation coefficient values, around
0.80. This result is an indication that they are presented in the SPMA atmosphere in the form of
ammonium nitrate and of ammonium sulphate, which can be verified using stechiometric
equilibrium. The amount of precipitation presents a significative negative correlation with those

species due to the high solubility of all of them.
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Figure 1. Temporal variation of ammonium, nitrate and sulphate in rainwater samples.

A positive relationship between chloride and the southeast wind was found. Figure 2 shows the
event variations of chloride in rainwater samples and the wind directions. Except for the two
initial values, the highest values are associated with southeast winds (100-170"), indicating the
marine aerosol contribution to the chemical rainwater composition. The two high initial values

are probably associated with contamination of samples.
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Figure 2. Temporal variation of chloride and wind direction.

Sodium ions are strongly correlated with Mg®’, for this reason it was considered of marine

origin.



Results obtained in this work were compared with others obtained in several cities of the United
States’ and also with another study carried out in the city of Sio Paulo’. Figure 3 shows this

comparison.
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Figure 3. VWM obtained in this study, in a previous study carried
out in So Paulo’ and in several cities of the United States".

In general, the concentration of ionic species in Sao Paulo are lower than in four American cities
(New York, Chicago, Detroit and Los Angeles), mainly, by the species that contribute to the
acidity (sulphate and nitrate). This can be related to the major contribution of these pollutants to
the atmosphere in that country.

Forti et al’ found a higher pH for Sao Paulo precipitation than the one obtained in this work. It
can be due to the use of different kinds of precipitation collectors. Forti et al used a collector that
do not separate the dry fraction of the precipitation. According to Hansey and Hidy®, alkaline
species as Mgz', Ca*' and K', that are normally found in coarse particles of resuspended soil, are
collected with higher efficiency in this kind of collector than fine aerosol particles containing
SO,” and NO;', and this tends to increase the pH of the wet precipitation.

Figure 4 shows the relation between the amount of precipitation and sulphate concentration in
rainwater. The highest values of precipitation are related to the lowest sulphate concentrations,

indicating a negative correlation.
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Figure 4. Temporal variation of sulphate concentration and rain amount.

A predominance of events associated with winds coming from southeast and moderate

correlation between this direction and higher sulphate contents were observed. Convective rain

seems to be associated with higher 1onic species contents, as other authors" ” have also observed.

Although several meteorological data are available, we can not take conclusions about the

sources of the precipitation contents. Due to the small number of samples collected and

analyzed, it is impossible to apply multivariate statistical treatments normally used in this kind

of study.
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