
Introduction

The composition of rainwater is the result of complex interactions between the water vapour of the clouds, the dust raised 
by the wind and the atmospheric gases. The chemical composition of rainfall can probably be related to local sources of pollution in 
urban areas, but also to relatively distant sources, provided that there is an atmospheric transport phenomenon.

The pH of rainfall depends essentially on the result of neutralizing reactions between the acid components of rainwater [1], 
mainly derived from acid gases such as carbon dioxide, nitrogen oxides and sulphur oxides, and the basic components, mainly 
ammonia, bicarbonates, carbonate and hydroxides of calcium and magnesium. The latter coming mainly from erosion phenomena. 
The presence of other metals in the rains seems to be linked, in addition to erosion phenomena, also to their presence in fossil fuels 
which, during combustion, produce oxides which are then hydrated by the water in the cloud. This presentation shows the results 
of the monitoring of chemical-physical data of rain samples fallen in Rome during 7 months on the year 2018.

Aim of Research
Data on rain composition should have a great 

interest given the large number of monuments and 
archaeological finds exposed outdoors in the city of 
Rome. Despite the importance of the subject there are 
no major studies published recently on the rain that 
fell on Rome since 1971 [2], The present experimental 
study seeks to fill this gap, at least in part.
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Conclusions

In conclusion, this research has shown that, even if there are no serious problems related to the acidity of the rain, there are in any 
case precipitation with a discrete content of nitrates and sulphates that can create problems for the numerous monuments and outdoor stone 
finds.
Also at certain times of the year there is a probable effect of transport of nitrate and sulphate from the industrial zone to the east of Rome 
and sea salt from the Tyrrhenian Sea to the west of Rome.

Finally, there is a certain degree of correlation between rainfall, pH, ORP and conductivity compared to the seasons. On the 
contrary, the trend of concentrations of the main ions seems to be independent of seasonal variations. We also hope the publication of data 
collected by various government agencies, to create a historical archive not only of rainfall, but also of its composition.

Sampling and analysis

We collected 62 rain samples between January and July of 2018, the rain was collected every day on the roof of 
the Department of Chemistry of the University "La Sapienza", Rome (Fig. 1). The sampled rain was poured into 
Falcon tubes kept at 4 °C, a part of the rain was used for immediate direct analyses, the other used for ion 
chromatography. The direct analyses were performed with bench top instruments and electrodes (by Vernier, USA) 
and covered the pH, conductivity, temperature and redox potential (ORP).
At the same time the data on speed and wind direction were acquired, in order to find a correlation between the 
variations in the composition of the rains and the ion transport phenomena [3], data obtained from the weather station 
of Piazza Galeria, about 4 Km from the sampling point and data on the volume of rain fell and its temperature were 
collected from the weather station in the Civil Engineering headquarters, in Via Mozambano, about 500 meters from 
the sampling point.

Exploratory data analysis

The principal components analysis (PCA) was carried out first on the whole data matrix with 
results not useful to separe among seasons. After a recalculation on the data using only the chemical-
physical parameters, divided by seasons winter, spring and summer, pre-treating the data with 
autoscaling, but omitting the data of the ionic concentrations that turned out to be redundant for this 
purpose produce a visible separation.

The use of chemical-physical data alone has allowed the separation of samples between the 
different seasons with an explained variance of 68.4%. Scores have been reported in a 3D chart in fig.7
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Fig.1, the map urban area of Rome and surrounding, see the 
Tyrrhenian Sea on west

Results

All data collected and experimentally obtained in this research are shown in table 1 that reports: the sampling data, the volume of 
rain fallen in that day as mm of rain (1 mm of rain= 1L/m2), atmospheric pressure of rain's day, the temperature of the rain and the number 
of days elapsed since the last precipitation preceding the day of sampling. In the same table the values obtained from the measurements of 
pH, conductivity and ORP were reported, finally values of the cation's concentrations (sodium, potassium, ammonium, magnesium and 
calcium) and anions (fluoride, chloride, nitrate and sulphate) have been reported. In Tab.1 some day are put in evidence with colours and 
can be presented in the next paragraph.

The general observations can be made by reading table 1 are: first of all, the rain fell in Rome in a very discontinuous way, while the 
fallen volume of rains was generally between 20 and 0.5 L / m. The rain pH was always higher than 5 consequently no authentic acid rains 
were recorded [4], finally, the redox potential of the samples was rather stable, around 350 mV, while the conductivity varied considerably. 
In IC analysis each rain sample was analyzed three times, the quantification limit for anions is 0.2 mg / L, while for cations it is 1 mg / L, the 
accuracy of the measurement, calculated as the standard deviation among the samples analyzed is about 5% for cations and 2% for anions.

Discussions

The result of the chromatographic analysis showed that: comparing the sum of the concentrations (mili-equivalents/L) of the main 
cations (Na+, K+, NH4+, Ca++ and Mg++) and the sum of the main anions' concentrations (F-, Cl-, N03

-, S04
- - ) it result, as was to be expected, a 

sufficiently linear trend (fig.2). An excellent correlation was found between the sum of the concentrations of sodium and potassium ions and 
that of chloride ion (fig.3). This suggests that these ions come mainly from seawater. The correlation between the sum of the concentrations of 
calcium and magnesium ions and that of the nitrate and sulphate ions (fig.4) could be caused by the neutralization process of nitric and 
sulphuric acids (coming from the nitrogen and sulphur oxides of anthropogenic origin), made only from calcium and magnesium carbonates 
contained in the dust derived from wind erosion.

The analysis of the rain’s sample collected in April 4th (one of the day in colour of tab.1) showing that there is a high concentration of 
sodium and chloride ions in the rains and in the  day of sampling, see fig.5, was a wind from west side of Tyrrhenian Sea and from south/ENE. 
On the contrary, it was found that, in the rain that fell on May 21st, high concentrations of calcium, nitrates and sulphates was present and 
that, in the previous day, it blew a wind from the north-east, fig.6, where there are calcareous mountains and industrial areas. Similar trend 
was on June 13th. All of those particular days, with high concentration of ions, compared with other, presents low amount of rain and in some 
case in the previous days did not rain at all, on the contrary in presence of strong wind and heavy rain probably the polluted gases and dust 
was removed, it way verified that cleaning effect which caused rain very poor of salts, as in 09 April and 08-09 of May. In 26 and 28 February 
it has fallen snow in Rome, but it’s ion concentration is not different from the seasonal average.

Fig.4, correlation between the sum of 
NO3 and SO4 concentrations vs the sum 
of Mg++ and Ca ++ ions

Fig.3, correlation between the sum of 
Na+ and K+ concentrations vs. Cl- ion

Fig.2, comparison of the sum of the 
concentrations (mili-equivalents/L) of the 
main cations vs. anions

Fig.5, wind direction in the day before and after 4 April. Evident the west wind direction in the day of sampling

Fig.6, wind direction in the day before and after 21 May. Evident the SSE wind direction in the day of sampling

Fig.7, 3D graphic representation of the first 3 main components after 
dividing the data set of the rainfall in different seasons, using only the 
chemical-physical data and excluding the ionic concentrations
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