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Methods

Acid rain dynamics in Oltrarno,
a real issue?

Introduction
Acid rain is any form of precipitation (i.e. fog; snow; rain) with a high level of sulphuric and nitric 
acids. It is caused by two types of pollutants, sulphur dioxide SO2 and nitrogen oxides NOX, whi-
ch are gases [1]. The emissions of SO2 and NOX can be both natural (i.e. from volcanoes, rotting 
vegetation, lightning) [2] [3] and artificial. Humans are responsible for artificial emission and 
the main release of pollutants is caused by the burning of fossil fuels, especially in factories and 
transportations [1]. When SO2 and NOX spread in the atmosphere they can react with water va-
por and turn into sulphuric and nitric acid, becoming a wet deposition. Otherwise, SO2 and NOX 
can directly deposit onto surfaces without combining with water, in this case we have a dry de-
position [1]. Normal rain has a pH of 5.6 and it is only slightly acidic because of the CO2 in the at-
mosphere [4]. Rain is considered to be acid when its pH goes below 5.6, around 4.4 – 4.2.
Acid rain has many ecological effects on food chains. In water ecosystems, a reduction of pH, is 
toxic for many organisms, for example, fish [5]. On land, acid rainwater can damage the trees’ le-
aves, and when it falls on ground and sinks, it causes the release of aluminium, a heavy metal, 
toxic for many organisms [6] [7]. Acid rain represents a problem for cultural heritage too, in fact 
it threats monuments and facades that are dissolved by the corroding pollutants [8] [9].
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What is pH?
pH is a scale (Fig. 1) that goes from 0 to 14 and is used to measure many 
properties of water-based solutions, one of which is corrosivity. A pH 
around value 0 (called acid) or 14 (called basic) indicates a corrosive solu-
tion, while a pH around 7 – the centre of the scale – indicates the absence 
of corrosivity and is called neutral. The pH is measured with a specific instru-
ment, the pH meter. 

What did we do?
In order to understand if the rain that fal-
ls in Oltrarno (Florence) is acid, we collected 
rainwater in November 2019. 
Every time a precipitation occurred, we took 
a sample, checking for possible contamina-
tion (i.e. bird droppings, insects, …) analysing 
volume and pH. We also checked the wind 
direction during the precipitation to identify 
a possible correlation between the measu-
red pH and the wind direction (the wind can 
move pollutants). Then we filled a recording 
card (Table 1) and, based on the data, we di-
scussed our findings.

Results and discussion
During the monitoring period, we detected 
an average pH of 6.96 (Table 1). This value in-
dicates that the rain was not to be considered 
acid rain. The rain was nearly neutral and the 
low acidity was probably caused by the nor-
mal presence of atmospheric CO2 dissolved 
in it [4]. Moreover, based on our observation, 
the acidity was not related to the direction of 
the wind, even when the clouds came from 
the northwest of Florence, where an indu-
strial area is situated (Osmannoro, Sesto Fio-
rentino). How is it possible in such a big city, 
like Florence, the presence of low levels of 
acidity?  We should not be surprised by our 
results since this is the effect of laws that limit 
the emission of SO2 and NOX  pollutants. These 
laws, developed since the 1979 Geneva Convention, protect us from the con-
sequences of acid rain. We realized the importance of such policies, in parti-
cular, the “internationality”, in fact, the more states sign the agreement, the 
more positive effects come out. We also hope that the world main producers 
of SO2 and NOX, India and China [10] [11], will succeed in cutting their 
emissions. 
Our experiment detected the wet deposition 
in Oltrarno. Apart from this, dry deposition 
is clearly visible too. Monuments and faca-
des of Florence city centre are often covered with 
the typical black corroding layer [9]. This kind of precipitation was 
not detectable in our experiment, but it represents a threat to our cultural 
heritage. To reduce this issue we need to limit the traffic and promote resto-
rations.
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