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Summary 

The International Co-operative Programme on Effects on Materials, including Historic and 
Cultural Monuments (ICP Materials) started in 1985. It was initiated in order to provide a 
scientific basis for new protocols and regulations developed within the Convention on Long-
range Transboundary Air Pollution. The main aim is to perform a quantitative evaluation of the 
effects of multi-pollutants such as S and N compounds, O3 and particles as well as climate 
parameters on the atmospheric corrosion of important materials, including materials used in 
objects of cultural heritage. The primary objective is to collect information on corrosion and 
environmental data in order to evaluate dose/response functions and trend effects and use the 
results for mapping areas with increased risk of corrosion, and for calculation of cost of damage 
caused by deterioration of materials. 

 
This report details  the study carried out for Italy  at national level. Different distribution maps  
are shown, such as the inventories of stock of cultural heritage at risk for each selected material 
(limestone and copper),  corrosivity and exceedance of tolerable degradation thresholds for each 
material, corrosion-cultural heritage overlapped maps, etc., which could be useful for 
management strategies for sustainable maintenance and preventive conservation of local Cultural 
Heritage. Confront of the corrosion effect in north, centre and south of Italy  was carried out.  A 
valuation of corrosivity effect due to the air pollution measured on EMEP data  base was carried 
out.  
The corrosion maps for limestone and copper for 2007 were elaborated. On the basis of EMEP 
pollution data  is seen that for  limestone the most harmful area is in north in Milan  and Venice, 
where  the S02 concentration is higher. For the cooper the corrosion rate is higher in south, due 
to the higher concentration of 03. 

In this study we used the data of the Risk map of Italian CH elaborated from the  Istituto 
Superiore  per il Restauro e Conservazione. In it was evaluated and  sqedueled around 97 000 
important monuments in Italy. In northen part of the country there are 45 000 monuments 
squeduled, which in the centre are 30 000 and in the south 21 000. The monuments were divided 
in eight general categories due to the material used and general destination of use. Corrosion 
maps for every single category and sub category were elaborated. 

According to the maps developed, the risk for the Cultural Heritage in north, center and south, 
from the corrosion point of view due to pollution, are different because of the differences of the 
pollution type and level.  
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1. Introduction 

Air pollutants, which together with climatic parameters, are of major importance for the 
deterioration of many materials used in cultural monuments, are emitted by industrial activities 
and by the transport sector. These pollutants create a problem on the local scale but they are also 
transported in the air over long distances. Different international organizations and institutions 
studied this effects. One of them is the UN ECE Convention of Long Range Transboundary Air 
Pollution (CLRTAP) under which operate the International Cooperative Program on effects of 
air pollution on Materials including Cultural Monuments (ICP Materials). This   is one of the 
several effect oriented International Co-operative Programmes (ICPs)  specially studding the 
harmful effect which the air pollution produce on materials. 

To reduce the harmful effects of pollutants on human health and the environment, the European 
Directive 1999/30/EC has been issued relating to limit values for sulphur dioxide, oxides of 
nitrogen, particulate matter and lead in the ambient air. These limit values have been established 
with reference to health and ecosystem effects and not included effects on building materials and 
cultural monuments. The European  cultural heritage is very large and cost billions of euro to 
maintain it. It is important to be understand the fact that such materials from which the cultural 
monuments are created are  sensitive to pollution at even lower levels than biological systems. 

The costs for deterioration and soiling of different materials due to air pollution are huge and the 
damage to culture targets endangers seriously the cultural heritage. Effective policy making 
requires environmental impact assessment, cost benefit analysis and risk management. All  these 
techniques need of serious scientific basis to may support the assessment and the calculation of 
the effects of pollution.  

The policy makers and local heritage owners or managers as end users needs of  reliable, up-to-
date data on air quality and its effects on heritage.  The information that they require, though 
arising from the same sources (pollution monitoring, damage estimation and impact modeling),  
needs of interpretation at different scales. The work presented here is focused on the 
establishment of a scientific reference in order to help the decision makers and heritage 
managers for strategic decisions at a national  level. It has been done through a choice of 
material indicators and corrosion/recession threshold levels based on best available scientific 
data including deterioration models, spatial distribution and mapping of pollutants and of stock 
of materials at risk, cost estimates and comparison studies of different conservation approaches.  

This report presents the study on assessment of stock at risk and mapping areas of increased 
corrosion risk in Italy at national level. It covers an detailed  inventory of Cultural Heritage and 
different distribution maps: very detailed distribution maps of the CH in north, center and south 
of Italy,  inventories of stock of cultural heritage at risk for each selected material (limestone and 
copper), corrosivity maps, corrosion-cultural heritage overlapped maps for different CH 
categories. These could be useful for management strategies for sustainable maintenance and 
preventive conservation of local Cultural Heritage.  

The models, that were validated and further developed, take into account the present multi-
pollutant situation, where apart of SO2 also NOx, ozone and particulate matter are considered. 
The dose-response functions, which describe the deterioration of the individual materials, are 
used for assessment of threshold levels of corrosion/recession.  

Evaluation and confront of the corrosion effect between  exposed cultural monuments  in north, 
center and  south of the country was done. The differences of the degradation effects on 
materials in the different part of Italy  are important.  
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 A valuation of corrosion effect due to the air pollution measured on EMEP  was carried out.  

 

2. Inventory of Cultural Heritage 

We developed the inventory of Cultural Heritage, including all monuments, palaces, 
churches, archeological areas, buildings and sculptures included in the Official last census  of 
the Istituto Superiore per la Conservazione e Restauro of Rome (ICR). All monuments in the 
list are exposed on open air. Around 97 000 monuments was squeduled from ICR.  

Microsoft Excel Software was used, recording as main information the following fields: 

1. Inventory Number.  

2. Denomination (name of the object). 

3. Category (church, museum, sculpture, memorial stone, monolith, etc.). 

4. Address. 

5. X and Y UTM coordinates. 

6. Materials used in the construction of the building in order of presence. 

7. Construction period.  

In most cases, the materials were very roughly described. In the case of objects without any 
description of materials used, in-situ inspection is also very useful. 

Most of the Cultural Monuments in Italy are created using stone and copper or bronze. In this 
study as indicative material we selected limestone and Cu. 

 

3. Risk Map of Italian Cultural Heritage 

The "Risk Map"  is an information system created by the Istituto Centrale per il 
Restauro in support of the scientific and administrative activities of Institutes and State 
bodies responsible for protecting, safeguarding and preserving the cultural heritage.  

The base element consists of a Geographical Information System (GIS) The first GIS of 
the Risk Map was created between 1992 and 1996.  

The Land Information System Risk Map  

The GIS Risk Map is a system of alphanumeric and cartographic databanks, capable of 
exploring, superimposing and processing information concerning the potential risk factors posed 
to the cultural heritage.  
The risk factors have been divided into:  

- Individual Vulnerability (V)  - namely a function that indicates the level of exposure of a 
given item to the aggression of territorial environmental factors;  
- Territorial Danger (P)  - namely a function that indicates the level of potential aggressiveness 
of a given territorial area, irrespective of the presence or otherwise of the items.  
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In order to build the Risk Model, three different domains were identified, valid for Vulnerability 
as well as Danger.  

The domains identified for Vulnerability  (V) are:  

-  the Environmental-Air domain  (defined by the aspect of the surface), V1;  
-  the Static-Structural domain (defined by the constructional and static-structural 
characteristics), V2;  
-  the Anthropic domain  (defined by use and safety), V3.  

Similarly, the domains identified for Danger (P) were:  

- the Environmental-Air domain  (characterised by climatic and micro-climatic factors and air 
pollutants), P1;  
-  the Static-Structural domain (defined by the geomorphological characteristics of the ground 
and the subsurface), P2;  
-  the Anthropic domain  (defined by demographic and socio-economic dynamics), P3.  
 
The model described above allows Risk (R) to be expressed as a general function of the 
Vulnerability (V)  components, related to each unit of population, and of Danger (P), related to 
each territorial area on which the item is located.  

R = R(V1,V2,....Vn, P1,P2,...Pn)  

where R indicates the Risk and configures itself as a weighted average of the Vulnerability (V) 
and Danger (P) Indicators.  

The system is created according to a client-server type modular structure, and is organised at a 
central level (Central System) and a local level (Remote Systems).  

Cartography  
The basic cartography for the system consists of 18 vectorial layers: Regional, Provincial, 
Municipal….. 
The Touring Club of Italy Guides and in the Laterza Guide of Archaeological Sites were used.  
 
Static - Structural Danger  
Six phenomenologies affecting the structural stability of the cultural heritage the most, with 
respect to the municipal territorial areas in which they are located, have been taken as points of 
reference: Seismic,  Landslides and damage, Floods,  Coastal dynamics,  Avalanches,  Volcanic.  
 
Static-Structural Danger Indicators are the same indicated on Static - Structural Danger.  
 
Environmental – Air Danger  
Two distinct and independent chemical-physical indexes were identified for defining 
environmental danger:  
1. Index of erosion   
2. Index of physical stress.  
 
With regard to the calculation of the index of erosion (or karst) extensive use was made of the 
Lipfert formula, which allowed the loss of material in a unit of time (µm/year) to be quantified.  
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In addition to the index of erosion, an index of blackening, based on the influence of the 
particulate emissions, was also taken into consideration. 

The physical stress index took into account the part of the damage caused by the interaction of 
heat and humidity between the environment and the material and the freeze and thaw cycles.  

The  environmental data base were created using: 
POLLUTION EMISSIONS   
Corinair general and widespread provincial emissions (Ministry of the Environment – ENEA 
[Italian National Agency for New Technologies]).  
 
CONCENTRATIONS OF POLLUTION   
Network of air quality monitoring systems (Ministry of the Environment – ENEA – Statistical 
Section) and others.  
 
CLIMATE   
Maximum, minimum monthly temperatures of nodes, relative humidity, wind intensity (Ministry 
of Agriculture and Forests/UCEA [Central Office of Agrarian Ecology], Italian Air Force ).  
 
Anthropic Danger  
The anthropic phenomena identified as potentially responsible for the negative effects on the 
preservation of the cultural heritage were reducible to three thematic areas:  
- Dynamics of the demographic density (understood to mean depopulation and overpopulation).  
-Pressures from tourism;  
-Susceptibility to theft.  

Danger Indexes  
Five Danger Indexes were identified: of depopulation, overpopulation, pressure from tourism, 
susceptibility to theft, summary of anthropic danger.  

 

4. Pollution Database 

In this study we use the  environmental data for 2007 created by EMEP.  

The Convention on Long-range Transboundary Air Pollution (LRTAP), signed in 1979, is one of 
the central means for protection of our environment. It establishes a broad framework for co-
operative action on reducing the impact of air pollution and sets up a process for negotiating 
concrete measures to control emissions of air pollutants through legally binding protocols. In this 
process, the main objective of the EMEP programme (Co-operative Programme for Monitoring 
and Evaluation of the Long-range Transmission of Air Pollutants in Europe) is to regularly 
provide governments and subsidiary bodies under the LRTAP Convention with qualified 
scientific information to support the development and further evaluation of the international 
protocols on emission reductions negotiated within the Convention.  

The EMEP programme relies on three main elements: (1) collection of emission data, (2) 
measurements of air and precipitation quality and (3) modelling of atmospheric transport and 
deposition of air pollutions. Through the combination of these three elements, EMEP fulfils its 
required assessment and regularly reports on emissions, concentrations and depositions of air 
pollutants, the quantity and significance of transboundary fluxes and related exceedances to 
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critical loads and threshold levels. The combination of these components provides also a good 
basis for the evaluation and qualification of the EMEP estimates.  

The pollutants used were (SO2, O3, NO2, NOx, PM10,…), temperature, rain precipitation, relative 
humidity, etc.  

 

5. Dose-Response Functions 

The most recent development of dose response functions for corrosion in the new pollution 
situation in Europe have been developed in the EU project MULTI-ASSESS based on data 
obtained in the ICP Materials multi-pollutant exposure program, (see Table 1). The corrosion of 
metals is expressed as mass loss (ML, g m-2) and the degradation of limestone is expressed as 
surface recession (R, µm). These functions include a range of pollution and climate parameters. 
The pollution parameters are the gases SO2, HNO3, O3 and particulates as PM10, expressed in µg 
m-3. The climatic parameters are temperature (T, ºC), quantity wet precipitation (Rain, mm), 
relative humidity (RH, %) and acidity in wet precipitation (H+, mg L-1). For some materials 
(carbon steel, copper, cast bronze and limestone) the effect of relative humidity is introduced 
through the parameter RH60, which is equal to (RH-60) when RH>60, otherwise 0.  

In this study,  the dose response functions for limestone and Cu were considered and the spatial 
corrosion distribution maps of both materials in Italy 2007 were obtained. 

 

6. STOCK AT RISK 

We need of a uniform approach for policy makers to may indicate them a target levels of 
corrosion. 

When the UN/ECE Mapping Manual is applied to tolerable levels, the tolerable corrosion rate, 
first year exposure (Ktol) can be calculated as: 

        Ktol = n x Kb                      (1) 

here n is a factor and Kb is the background corrosion rate, first year exposure for Europe.  In the 
MULTI-ASSES project was established that, with n=2.5 and taking into account  the background 
corrosion rates during the first year of exposure, taken from the UN/ECE Mapping Manual, the 
estimated tolerable corrosion rates calculated from Equation 1 are almost identical to the 
tolerable levels established from maintenance intervals (corrosion depth before action/tolerable 
time between maintenance). In Table 2 the tolerable corrosion rate for the  first year of exposure 
for the  common materials are indicated for n=2.5. The tolerable corrosion rates given in Table 2 
are those used for further assessment of target levels and is thus considered a conservative lower 
estimate of the tolerable level. 

We may calculate the corresponding acceptable pollution concentrations from the tolerable 
corrosion rate using the dose-response functions. From the tolerable corrosion rates indicated in 
Table 2 and the real measured or estimated corrosion rates we may establish if a specific site 
may be classified as tolerable or exceedence (risk) site. 
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7. Mapping 

GIS (Geographic Information System) applications are tools that allow users to create interactive 
queries (user created searches), analyze the spatial information, edit data, maps, and present the 
results of all these operations.  A GIS is any system for capturing, storing, analyzing, managing 
and presenting data and associated attributes that are spatially referenced to Earth. In the strictest 
sense, it is any information system capable of integrating, storing, editing, analyzing, sharing, 
and displaying geographically referenced information.  

One of the quality  of the use of GIS tools is the possibility of presenting data and associated 
attributes in a dynamic mode, i.e. it is possible to zoom a specific area, present only data that 
match certain criteria in the database, etc.   

In this study GIS maps at different scenarios were developed: Cultural Heritage (limestone and 
Cu), corrosion (limestone and Cu) and overlapped corrosion-Cultural Heritage.   

Here we used, the ArcGis 8.1 software with the Spatial Analyst Extension  for the preparation of 
the maps. The Kriging Interpolation method for representing data (environmental, corrosion, loss 
mass, etc.) in the map was employed. 

 

   7.1. Cultural Heritage Distribution maps 

7.1.1  Cultural Heritage maps 

As was indicated before to manage so many CH sites on one single map is very difficult. For this 
we elaborate the distribution maps of  Immovable Cultural Heritage of Italy in north, central and 
south of the country. All CH squeduled in Italy are around 97 000.  

The monuments in north part of the country are 45 000 (Fig.1). From the figure is seen that in 
some part of the area, the concentration of CH are higher. This is generally around the important 
cities: Milan, Venice, Genoa and Turin.  

In the central part of Italy the monuments are 30 000 (Fig.2) and here they are concentrated 
arroun the art cities: Rome, Florence and Peruggia.  

At south the CH are 21 000 (Fig.3) and are concentrated around Naples, Bari and Palermo. 

 

7.2. Corrosion/recession maps 

Using  the Multi-Assess dose-response functions to each cell of the EMEP  grid 50 x 50 km. 
once  the environmental parameters needed were obtained from the network  and with the help of 
the Kriging Interpolation method, the corrosion  map for Cu and surface recession for limestone 
for 2007 was elaborated.  

The corrosion/recession maps of national level of CH were elaborated, for limestone and Cu (see 
Tabl. 2 for the D/R Functions). 
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7.2.1. Limestone recession  maps 

 The recession  maps for limestone were elaborated for  the 3 areas of Italy using the EMEP data 
base for 2007. 

In north  of the country higher recession rate (up to 5.7 µm/y.) is located around the big cities 
Milan and Venice, where the concentration of  CH is higher. In Po valley the recession rate is 
high too (4.7 - 5.1 µm/y.). The D/R function of limestone strongly depend from the 
concentration of SO2, HNO3 , RH and PM. Il Po valley and around the big cities the environmental 
conditions favorite the increment of the recession rate. (Fig. 4).  

In the center the conditions are different and the recession rate don`t reach 5.0 µm/y and remain 
around 4.5 - 4.7 µm/y. even around big cities. (Fig. 5). 

In the south part the recession rate around big cities Naples, Bari are very high up to 5.7 µm/y, 
the same is noted in Salento peninsula (south of Bari) where are situated big siderurgical and 
petrol industries (Taranto).  We may note the high recession in Sicily in the area of Etna 
volcanoes. In the last case we have high concentration of  SO2 and NOx  emissions. (Fig. 6). 

 

7.2.2. Cu recession  maps 

We elaborate the maps for Cu in the 3 parts of Italy using the EMEP data base 50 x 50 km. grid 
for 2007.  

In the north part the lost is higher in the areas in which the ran is very frequent (in Alps and north 
east part of the region).  In some places the mass lost reach 5.0 µg/m2y. (Fig. 7). 

In the center the conditions are similar , in the area of Acquila (Apennines mountains).  The mass 
lost reach 4.5 – 5.0 µg/m2y. (Fig. 8). 

Similar situation we find in south, where around Campobasso and Potenza the Cu mass lost 
reach 4.5 – 5.0 µg/m2y, this is a mountain area. (Fig. 9). 

The Cu recession maps indicate that in the areas close and in the mountains the mass lost is 
higher. Considering that the CH are concentrated generally in the cities and towns the Cu 
containing CM are exposed in relatively lower aggressive air conditions.  

 

7.2.3.  Stock at risk 

It is important to note that even the recession rate for limestone and Cu in some areas are very 
high they don’t suppurate the tolerable recession rate (see Table 2). 

This is because in this study we use the EMEP 50 x 50 km. grid data which  don’t show the real 
pollution situation in the urban areas. Consulting the Report 60 (Doytchinov, Screpanti…) where 
the urban pollution data were used for Rome and Milan is evident that in the big cities large part 
of the CH are exposed in environmental conditions in which the recession rate easily separate the 
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tolerable level and in this cases we may elaborate the ecseedence maps and individuate the stock 
of materials of CH at risk.  

The EMEP date indicate  the concentration of air pollution in remote areas.  

 

7.3. Overlapped recession/Cultural Heritage maps 

As was indicated before the CH  sites were divided in 8 categories after the type of construction 
and use of the monument. They are: 

- archeological sites, 
- castles and fortress – castles, fortress, walls, towers,  
- ecclesiastical buildings – churches, convents, monastery, 
- houses, palaces, villas..  
- statues, columns, fountains.. 
- squares, streets, villages..  
- gates, portals, arcades .. 
- architectural work sites. 

During the separation of the monuments from the main data base, some of them were not used 
because around 900 were parks and gardens end some 500 were internal sites. 

We overlapped the recession maps of limestone and Cu with the CM distributed on the national 
territory of every single category of monument.   

7.3.1. Archeological sites 

We separate around 8 000 archeological parks, sites and areas. Distributed in the national 
territory. From the map (Fig. 10) is seen that this sites are concentrated around big cities 
Rome, Naples , Ancona and Genoa. Important areas and port during the Roman Imperial 
period . 

The map of limestone recession indicate that in Po valley and around the big cities in north 
Milan, Venice the recession rate is higher, up to 5.7 µm/y. Relatively high is the recession 
rate of limestone in south, in Salento peninsula and Sicily  (Etna volcanoes). The 
archeological sites exposed in this area are with higher  risk due to the air pollution. The 
phenomenon was described on page 13. (Fig. 11). 

On Fig. 12 we indicate the mass lost of Cu in the archeological sites. Relatively few 
archeological monuments are situated in areas with higher recession rate of Cu. On the other 
site large part of this monuments are build by stone and bricks.   
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7.3.2. Castles and fortress  

In this category we separate the castles, fortress, walls, towers and different fortification 
buildings. Most of them are from medieval period. Many of this monuments are build by 
stone and bricks, some are covered with plaster. In this group we separate 7 600 monuments. 
They are concentrated in north west  around Milan, Turin, Genoa. In the center they are 
around Naples, inside of the country. In south in the Salento peninsula. (Fig. 13). 

The map of limestone recession rate (Fig. 14) indicate that in the areas with higher recession 
up to 5.7 µm/y there are situated many castles, fortress, etc. 

The Cu mass lost maps (Fig. 15) show that relatively few of this CM are exposed in areas 
with high recession rate.  

 

7.3.3. Ecclesiastic buildings  

In this categories we include: churches, convents, monasteries, oratories etc. This is the 
category with very highe number of sites, 32 000. Many of this monuments in Italy are build 
from stone (in the most part marble) and bricks. Some are covered by plaster or are painted.  

Important part of this monuments are situated in the north close to Milan and Turin and along 
the sea coast. In the center this buildings are concentrated inside of the country in the part of 
ex Popes State. In the south they are relatively many. (Fig. 16) 

On Fig. 17 we indicate the ecclesiastical monuments on the map of limestone recession rate. 
Many of this sites are situated in areas with high limestone recession rate. 

Fig. 18, show the ecclesiastic sites with the Cu mass lost map. Relatively lower number of 
this buildings are situated in areas with high Cu mass lost rate.  

 

7.3.4. Houses, palaces, villas 

Here we include: palacess, howses, villas etc. This is the category with  higher number of 
sites, 33 000. Many of this monuments in Italy are build from stone (frequently marble) and 
bricks. Some are covered by plaster.  

Important part of this monuments are situated in the north close to Milan, Venice and along 
the sea coast. In the center this buildings are concentrated arround Rome, Florence and inside 
of the country. In the south they are close to Naples. (Fig. 19) 

On Fig. 20 we indicate this  monuments on the map of limestone recession rate. Many of this 
sites are situated in areas with high limestone recession rate. 

Fig. 21, show this monuments with the Cu mass lost map. Relatively lower number of this 
buildings are situated in areas with high Cu mass lost rate.  
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7.3.5. Statues, columns, fountains 

In this category we include the Statues, columns, fountains, columns etc. all exposed outside. 
Generally they are build from stone or metal. In this category are included 2 100 monuments.  

Generally they are concentrated in the big cities: Rome, Milan, Naples, Venice etc. (Fig. 22) 

On the Fig. 23 the CH sites of this category are presented on limestone recession map. From 
it  is seen that this monuments are exposed in areas with high recession rate specially in north.  

On the Fig. 24 we show  the CH sculptures and fountains on Cu mass lost map. In the areas 
with high recession rate there are not very high concentration of this CH.  

 

7.3.6. Squares, streets, villages 

Here we include: squares, streets, villages etc. This is the category with  relativelly lower 
number of sites, 3 400. In this case we have to consder that many of this monuments are not 
single builings, but a group of monuments. Many of this monuments in Italy are build from 
stone  and bricks. Some are covered by plaster.  

Important part of this monuments are situated in the north close to Milan, Genova  and along 
the sea coast. In the center this buildings are concentrated arround Rome and inside of the 
country. In the south they are relativelly many. (Fig. 25) 

On Fig. 26 we indicate this  monuments on the map of limestone recession rate. Many of this 
sites are situated in areas with high limestone recession rate. Arround Milan, Venice and 
Genova. 

Fig. 27, show this monuments with the Cu mass lost map. Relatively lower number of this 
sites are situated in areas with high Cu mass lost rate.  

 

7.3.7. Gates, portals, arcades 

In this category we include the gates, portals, coutryards, arcades  etc. all exposed outside. 
Generally they are build from stone, frequently marble. In this category are included 2 700 
monuments.  

Generally they are concentrated arrund the big cities: Rome, Milan, Naples, Venice etc. 
(Fig. 28) 

On the Fig. 29 the CH sites of this category are presented on limestone recession map. From 
it  is seen that this monuments are exposed in areas with high recession rate specially in north.  

On the Fig. 30 we show  the CH sculptures and fountains on Cu mass lost map. In the areas 
with high recession rate there are not very high concentration of this CH.  
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7.3.8. Architectural work sites 

Here we include: the architectural and decorative elements. This is the category we separate  6 
100 sites. Most of this monuments in Italy are build from stone  (marble) and bricks. Some 
are covered by plaster.  

Important part of this monuments are situated in the north close to  Genova  and along the sea 
coast. In the center this buildings are concentrated arround Rome and inside of the country. In 
the south they are relativelly many. (Fig. 31) 

On Fig. 32 we indicate this  monuments on the map of limestone recession rate. Many of this 
sites are situated in areas with high limestone recession rate. Arroun Venice,  Genova and 
along the sea cost. 

Fig. 33, show this monuments with the Cu mass lost map. Relatively lower number of this 
sites are situated in areas with high Cu mass lost rate.  

 

It is important to note that as was indicated before the recession rate maps presented here are 
elaborated on the basis of EMEP 50 x 50 km. grid environmental data. The EMEP model 
elaborate the remote environmental data concentrations.  

The main part of the CH sites are exposed in urban areas and for this it is important to use 
pollution date analyzed from the urban environmental monitoring stations. In urban areas the 
pollutant concentrations are much higher then in remote areas. This mainly depend from the 
traffic and anthropogenic activity.  

As was shown in Report 60 in the big cities  (Rome and Milan) the environmental situation is 
different and the recession of materials is much more higher. 
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Conclusions 

 

- Arround 97.000 CM were squedelled in georeferenzited way on the Italian territory. 
 

- The distribution of the CM is not equal for the differet parts of the contry:  in North there 
are 45 000; in Center 30 000 and in South 21 000. 

 
- The corrosion maps for limestone and copper for 2007 were elaborated. On the basis of 

EMEP pollution data  is seen that for  limestone the most harmfull area is in north 
arround Milan and Venice, where  the S02 conzentration is higher. For the cooper the 
coorosion rate is higher in south, due to the higher concentration of 03. 

 
-  Using the  EMEP data, there are not arreas in Italy in which the corrossione  superate the 

tolerable corrosion rate.  This means that for the cities we need to use the  air pollution 
data monitored from the urban networks. This we demosstrate for Milan in Report 60.  

 
- The Cultural Monuments were divided in eight categories:  

Archeological areas – 8 000;  
Castles and Fortress – 7 600;  
Ecclesiastic buildings – 32 000;  
Pallases and villas – 33 000; 
Sculptures – 2 100;  
Streets, vilages – 3 400;  
Gates, arcades – 2 700; 
Architectural works -6 100.  
There are a number of CM which don’t interes us becouse are  parks, relativelly recent  
buildings or internally exposed monuments. 

 
- The corrosion maps for limestone and copper for 2007 for every singe category were 

elaborated.  
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Tables 
 

TABLE 1. List of dose-response functions for the multi-pollutant situation, including 
temperature function, for unsheltered materials exposed for one year. Units and 
abbreviations are described in the text. 

 
 

 Material 
Dose-response function 
Temperature function 

 

 Carbon steel 
ML = 51 + 1.39[SO2]

0.6Rh60e
f(T) +1.29Rain[H+] + 0.593PM10 

f(T) = 0.15(T-10) when T<10°C, -0.054(T-10) otherwise 

 

 Zinc 
ML = 3.5 + 0.471[SO2]

0.22e0.018Rh+f(T) + 0.041Rain[H+] + 1.37[HNO3] 
f(T) = 0.062(T-10) when T<10°C, -0.021(T-10) otherwise 

 

 Copper 
ML = 4.2 + 0.00201[SO2]

0.4[O3]Rh60·e
f(T) + 0.0878Rain[H+] 

f(T) = 0.083(T-10) when T<10°C, -0.032(T-10) otherwise 

 

 Cast Bronze 
ML = 1.33 + 0.00876[SO2]Rh60·e

f(T) + 0.0409Rain[H+] + 0.0380PM10 
f(T) = 0.060(T-11) when T<11°C, -0.067(T-11) otherwise 

 

 Portland limestone 
R = 4.0 + 0.0059[SO2]RH 60 + 0.054Rain[H+] + 0.078[HNO3]Rh60 + 0.0258PM10 
 

 

 
 
 

 
 
TABLE 2. Tolerable corrosion rate based on background corrosion rates and n=2.5 
 
 
 
 
 
 
 
 
 

Material 
Background 

corrosion 
Background 

corrosion depth 

Factor for 
acceptable 
corrosion 

Tolerable 
corrosion rate per 

year 

Zinc 3.1 g/m2 0.46 µm 2.5 
7.8 g/m2 

1.1 µm year-1 

Copper 2.8 g/m2 0.34 µm 2.5 
7.1 g/m2 

0.8  µm year-1 

Bronze 2.1 g/m2 0.25 µm  2.5 
5.25 g/m2 

0.6  µm year-1 

Limestone  3.2 µm 2.5 8.0  µm year-1 

Sandstone  2.8 µm 2.5 7.0  µm year-1 
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ANNEX I 
 
       

 
 
 
 
 
 
 
Fig. 1 - Northern Italy. Distribution of about 45,000 CH sites. 
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Fig. 2 - Central Italy. Distribution of about 30,000 CH sites. 
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Fig. 3 - Southern Italy. Distribution of about 21,000 CH sites. 
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Fig. 4 - Northern Italy. Limestone corrosion map for 2007 with distribution of about 45,000 CH sites. 

(EMEP unified model, 50x50 grid. Unit is µm/year) 
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Fig. 5 - Central Italy. Limestone corrosion map for 2007 with distribution of about 30,000 CH sites. 

(EMEP unified model, 50x50 grid. Unit is µm/year) 
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Fig. 6 - Southern Italy. Limestone corrosion map for 2007 with distribution of about 21,000 CH sites. 

(EMEP unified model, 50x50 grid. Unit is µm/year) 
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Fig. 7 - Northern Italy. Copper corrosion map for 2007 with distribution of about 45,000 CH sites. 

(EMEP unified model, 50x50 grid. Unit is µg/m2year) 
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Fig. 8 - Central Italy. Copper corrosion map for 2007 with distribution of about 30,000 CH sites. 

(EMEP unified model, 50x50 grid. Unit is µg/m2year) 
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Fig. 9 - Southern Italy. Copper corrosion map for 2007 with distribution of about 21,000 CH sites. 

(EMEP unified model, 50x50 grid. Unit is µg/m2year) 
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Fig. 10 - Italian distribution map of about 8,000 CH archaeological sites. 
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Fig. 11 - Italian map of Limestone corrosion for 2007 with the distribution of about 8,000 CH 

archaeological sites. (EMEP unified model, 50x50 grid. Unit is µm/year) 
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Fig. 12 - Italian map of Copper corrosion for 2007 with the distribution of about 8,000 CH 

archaeological sites. (EMEP unified model, 50x50 grid. Unit is µg/m2year) 
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Fig. 13 - Italian distribution map of about 7,600 CH castles and fortresses sites. 



Report No.63: Combined stock at risk and mapping for selected urban areas of Italy 
 

 

31 
 

 
 
 
 
 
 
 
Fig. 14 - Italian map of Limestone corrosion for 2007 with distribution of about 7,600 CH castles and 

fortresses sites. (EMEP unified model, 50x50 grid. Unit is µm/year) 
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Fig. 15 - Italian map of Copper corrosion for 2007 with distribution of about 7,600 CH castles and 

fortresses sites. (EMEP unified model, 50x50 grid. Unit is µg/m2year) 
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Fig. 16 - Italian distribution map of about 32,000 CH ecclesiastical buildings sites. 
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Fig. 17 - Italian map of Limestone corrosion for 2007 with distribution of about 32,000 CH 

ecclesiastical buildings sites. (EMEP unified model, 50x50 grid. Unit is µm/year) 
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Fig. 18 - Italian map of Copper corrosion for 2007 with distribution of about 32,000 CH ecclesiastical 

buildings sites. (EMEP unified model, 50x50 grid. Unit is µg/m2year) 
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Fig. 19 - Italian distribution map of about 33,000 CH houses, palaces and villas sites. 
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Fig. 20 - Italian map of  Limestone corrosion for 2007 with distribution of about 33,000 CH houses, 

palaces and villas sites. (EMEP unified model, 50x50 grid. Unit is µm/year) 
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Fig. 21 - Italian map of Copper corrosion for 2007 with distribution of about 33,000 CH houses, 

palaces and villas sites. (EMEP unified model, 50x50 grid. Unit is µg/m2year) 
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Fig. 22 - Italian distribution map of about 2,100 CH columns, fountains, statues, monuments and 

decorative elements sites. 
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Fig. 23 - Italian map of Limestone corrosion for 2007 with distribution of about 2,100 CH columns, 

fountains, statues, monuments and decorative elements sites. (EMEP unified model, 50x50 
grid. Unit is µm/year) 
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Fig. 24 - Italian map of Copper corrosion for 2007 with distribution of about 2,100 CH columns, 

fountains, statues, monuments and decorative elements sites. (EMEP unified model, 50x50 
grid. Unit is µg/m2year) 
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Fig. 25 - Italian distribution map of about 3,400 CH squares, streets, villages and municipalities sites. 
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Fig. 26 - Italian map of Limestone corrosion for 2007 with distribution of about 3,400 CH squares, 

streets, villages and municipalities sites. (EMEP unified model, 50x50 grid. Unit is µm/year) 
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Fig. 27 - Italian map of Copper corrosion for 2007 with distribution of about 3,400 CH squares, 

streets, villages and municipalities sites. (EMEP unified model, 50x50 grid. Unit is 
µg/m2year) 
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Fig. 28 - Italian distribution map of about 2,700 CH accesses, gates, portals, courtyards, lodges and 

arcade sites. 
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Fig. 29 - Italian map of Limestone corrosion for 2007 with distribution of about 2,700 CH accesses, 

gates, portals, courtyards, lodges and arcade sites.  (EMEP unified model, 50x50 grid. Unit is 
µm/year) 
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Fig. 30 - Italian map of Copper corrosion for 2007 with distribution of about 2,700 CH accesses, 

gates, portals, courtyards, lodges and arcade sites.  (EMEP unified model, 50x50 grid. Unit is 
µg/m2year) 
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Fig. 31 - Italian distribution map of about 6,100 architectural works site. 
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Fig. 32 - Italian map of Limestone corrosion for 2007 with distribution of about 6,100 architectural                         

works site. (EMEP unified model, 50x50 grid. Unit is µm/year) 
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Fig. 33 - Italian map of Copper corrosion for 2007 with distribution of about 6,100 architectural 

works site. (EMEP unified model, 50x50 grid. Unit is µg/m2year) 
 


