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I.   WORKSHOP ON THE RELEASE OF HEAVY METALS DUE TO CORROSION 
OF MATERIALS 

 
A. Introduction 
 
1. The workshop on the release of heavy metals due to corrosion of materials took place in Munich, 
Germany, from 12 to 14 May 2003. The workshop was organized by the Bavarian State Department of 
Historical Monuments, the Federal Environmental Agency (UBA) and the Swedish Corrosion Institute, 
with support from the German Federal Ministry for Environment, Nature Protection and Nuclear Safety, 
the Swedish Environmental Protection Agency and the Nordic Council of Ministers. 
 
2. The workshop was organized within the framework of the Executive Body’s 2003 work-plan for 
the implementation of the Convention. It was attended by 50 experts from 11 Parties to the Convention: 
Belgium, Canada, Czech Republic, Germany, Netherlands, Norway, Poland, Sweden, Switzerland, 
United Kingdom and the United States of America. The Chairman of the Working Group on Effects was 
also present. The workshop was co-chaired by Mr. S. Fitz (Germany) and Mr. V. Kucera (Sweden). 
 
3. The main objectives of the workshop were to: 
 
 (a) Review present knowledge on the release of heavy metals due to the corrosion of 
materials; and 
 (b) Propose further activities to be undertaken on this topic within the framework of the 
Convention, including the development of reliable dose-response functions for the release of metals due 
to the degradation of materials. 
 
4. The main issues addressed by the workshop were: 
 

(a) Evaluation of mechanisms responsible for the corrosion, run-off, and transport of metal 
ions;  

(b) Establishing reliable run-off and corrosion values; 
(c) Assessment of trends in quantities/levels of metals released in Europe in relation to the 

deterioration rates of materials; and  
(d) Application of derived dose-response functions to the mapping of regions with elevated 

releases of metals (geographical distribution). 
 
B. Organization of the workshop 
 
5. The workshop was opened by Mr. R. Snethlage (Germany), Head of the Central Laboratory, 
Bavarian State Department of Historical Monuments, who welcomed the participants on behalf of the 
host country, the host authorities and the organizers. 
 
6. Mr. V. Kucera (Sweden), Chairman of the Task Force of ICP Material, reviewed the 
background of the workshop, described its aims and introduced its programme. 
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7. The workshop was organized in a series of plenary sessions to which 22 background papers 
were presented. Detailed discussions were carried out in three parallel discussion groups. The outcome 
was then considered and summarized in concluding plenary sessions.  
 
8. The background papers covered a wide range of issues including: 
 
 (a) The regulatory background to the emission and control of heavy metals in Europe; 

(b) Experimental investigations of the run-off from zinc, copper, stainless steel, lead and 
cadmium based on field exposure tests;  

(c) The release and retention of metals (including both experimental work and models for 
calculation); 

(d) The main sources and the stock of materials that could release metals to the environment; 
(e) Risk assessments of the potential impact of copper and zinc on the environment, including 

consideration of bioavailability; 
(f) Experimental work on the release of metals from buildings, constructions and transport to 

different receptors. 
 

C. Specific conclusions and recommendations 
 
9. Although the term 'heavy metals’ is generally accepted, in the case of buildings it is more 
appropriate to replace it with the term 'metal' and the 'use' should be the basis for 'prioritization'. The 
table below is divided into metals that are primarily used as sheet materials, metal coatings and those 
used in alloys or which are present only as impurities. 
 
 
Metal Primary use Alloy Impurity 
Lead X   
Copper X   
Zinc X   
Iron X   
Aluminium X   
    
Titanium (X) X  
Nickel  X  
Chromium  X  
Tin (X) X  
    
Cadmium   X 
Mercury   X 
Platinum   X 
Silver   X 
Arsenic   X 
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10. Nickel and chromium are primarily found as components in stainless steel, whilst tin is used as a 
coating for copper and stainless steel. Titanium is occasionally used for facades but is more likely to be 
found as an alloy. The metals found as impurities are not deliberately added but they may still be released 
as part of the weathering process. In the past arsenic was found as an impurity in copper products, but 
now its presence in construction is generally restricted to its use in wood preservation treatments.  
 
11. It is necessary to establish the relative importance of the release of metals from building and 
construction materials as compared to other anthropogenic sources and to natural emissions. These 
considerations have to be taken into account when assessing the bioavailability of released metals and the 
effects of concentrated releases in urban areas.  
 
12. Risk assessment and mapping could be applied as an integrated process to prevent wasting 
financial and research resources in pursuing detailed knowledge on a source which is unimportant relative 
to other emitters. 
 
13. Once a metal is released, it is important to consider the whole pathway from source to receptor. 
This includes dilution effects and/or reactions with other water sources, the potential for retention on 
natural and man-made absorbing surfaces, and the character of the metal’s chemical speciation. The 
chemical speciation is of crucial importance and governs the bioavailable fraction of the total metal 
released.  
 
14. Tools are available for predicting chemical speciation in different types of environment and for 
assessing potential bioavailability and ecotoxic effects using different bioassays. The recently developed 
biotic ligand model (BLM) provides for integrating chemical speciation models with more biologically 
oriented models. The model is of generic importance and should be integrated in future regulatory 
frameworks. Bioavailability aspects in soils and sediments should also be addressed.  
 
15. Most of the work on run-off was by exposure tests, mostly on exposure racks rather than on 
buildings. Lead, copper, zinc and stainless steel were tested. The results showed the amount of run-off, 
but not the effects of variations in pollutant concentrations. Available data on the effect of inclination on 
exposed surfaces should be used in deriving more realistic values of run-off applicable for the stock of 
buildings.  
 
16. To understand more fully the run-off mechanisms, the real multi-pollutant situation has to be 
considered. Hence, not only SO2 but also other pollutants, e.g. HNO3, O3 and particles including 
chlorides, have to be taken into account. It should be stressed that, while laboratory data are useful for 
understanding and generalizing field data and for developing run-off models (since the effects of individual 
parameters can be examined separately), they cannot be used directly for assessing real run-off rates. 
 
17. Dose-response functions are useful to give a first indication of the likely behaviour of materials 
and the amount of metal released, particularly on a broad/national scale. If based on reliable data, they 
could be used to estimate the effects of reducing atmospheric concentrations of SO2 and other air 
pollutants. It is, however, important to acknowledge the limitations of empirically derived dose-response  
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functions. They should be based on known corrosion mechanisms in order to derive coefficients having 
“physical meaning”. There is also a need to understand related uncertainties and the factors that affect 
them. 
 
18. It is important to distinguish corrosion processes from run-off processes. The former are usually 
of electrochemical nature and occur at the interface between the metal and the corrosion product 
(patina). The latter involves chemical dissolution of patina induced by adsorption of atmospheric 
constituents (gases and particles) and occurs at the interface between the patina and the atmosphere. As 
a result, corrosion rates are different from run-off ones and exhibit initially higher values which decrease 
with time, whereas run-off rates usually exhibit a more constant value on a long-term perspective 
(months, years). Corrosion rates are in general initially higher than run-off rates and will approach similar 
values with prolonged exposure time. The time which it takes will vary, depending on the metal and 
environmental conditions, but usually exceeds several years (e.g. zinc) or decades (e.g. copper). 
 
19. On a short timescale (single rain events), however, the run-off rate exhibits time dependence. 
This behaviour is connected with the role of dry and wet deposition. Between rain events the patina can 
receive and accumulate corrosive species and humidity, which result in an aggressive electrolyte on the 
surface that can dissolve some patina constituents. During subsequent rain events, these patina 
constituents can be released resulting in an initially high concentration (first flush), and hence a high run-off 
rate, which gradually decreases until a more constant rate is reached (steady state). The magnitude of the 
first flush depends on a combination of environmental parameters (rain quantity, intensity, pH, dry 
deposition of gases and particles, length of dry periods, wetness) and patina properties (porosity, 
thickness and composition). The run-off rate under steady-state conditions is mainly affected by rain 
quantity and pH. In all, when predicting run-off rates from environmental data, the most important 
parameters to consider are rain quantity and pH, influenced by various acidifying gaseous and particulate 
pollutants.   
 
20. There is general consensus that there has been a substantial reduction in the amount of metal in 
run-off over the past 30 years. For future risk assessments it will be important to take into account the 
decreasing trends in run-off rates observed in Western industrialized regions as a result of decreasing 
levels of air pollutants (e.g. SO2) in the atmosphere. There is also a need to assess the capacity of the 
environment to “absorb” the metals and hence ensure long-term sustainability. The short-term and long-
term effects and the fate of released metals, including their accumulation, need to be considered in the 
perspective of hundreds, not just a few, years.  
 
21. Stock of materials at risk is a confusing term in the context of risk assessment of run-off, even 
though it is a well-established concept within the corrosion community. Stock at risk, in this context, is 
the total area of surfaces that are exposed to the combined effect of the atmosphere and that are potential 
sources of release of metals to the environment. 
 
22. Data on stock of materials at risk are currently limited especially for Southern and Eastern 
Europe. Further material inventories should be encouraged as they are essential for identifying "hot spots" 
and for performing cost-benefit analysis. The most reliable assessment of the stock of materials at risk 
will be from traditional estimations using inventories based on the inspection of buildings and  
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constructions complemented by ”identikits” (a typical description specifying the external surfaces of 
individual classes of buildings), combined with data from building registers and information from 
producers and suppliers. When assessing a stock of materials at risk, it is important not only to know the 
materials’ surfaces but also their inclination and the proportion exposed to rain. 
 
23. Mapping is a useful, efficient way of communicating complicated information. It would, therefore, 
be advantageous to use maps to identify areas/regions where increased release of metals might be 
expected and which may require special attention. 
 
24. Reliable dose-response functions for metal run-off are a necessary input to mapping procedures. 
When developing dose-response functions, environmental parameters that are readily available at 
different geographical scales should be included. 
 
25. Common methodologies should be used for mapping to facilitate comparisons between countries 
as well as the production of regional/European maps. A step forward would be to include a run-off 
methodology in the Mapping Manual of the Working Group on Effects. It is also important to ensure that 
maps are regularly updated with data on current pollution levels and with changes in the stock of 
materials at risk. 
 
D. Gaps in knowledge 
 
26.  The general lack of data on possible sources that can release metals (transport, agriculture and 
plumbing services require special attention) hampers the assessment of the importance of metals released 
due to corrosion in a broader context of environmental pollution. Building materials such as concrete, tiles 
and organic coatings also need to be considered among the sources. More data are also needed on the 
regional distribution of metals and metal-containing materials, including more detailed information on 
orientation, surrounding materials and data on background concentrations. 
 
27. A sufficiently large database of comparable data on run-off rates from exposure sites on a 
European or even broader scale, and for different pollution environments, is not yet available. As a 
harmonized approach and the use of standardized methodologies are essential, the relevant work of 
ISO/TC156 should be supported and encouraged. Important parameters to be considered include pH, 
NOx, SO2, angle of inclination, orientation, rain quantity, relative humidity and temperature.  However, in 
view of decreasing SO2 emissions and the consequent reduction in the corrosion of several metals, 
reliable data are needed on the effects of multi-pollutant atmospheres (e.g. HNO3, O3 and particles 
including chlorides) on the corrosion of metals and the release of metal ions in run-off. Such knowledge 
could also lead to the development of improved metal materials with lower run-off. The effect of alloying 
elements on the release of metals needs to be further investigated. 
 
28. Updated information on the release of metals should include more data on trends. Two types of 
trends should be considered: (i) trends related to the change(s) of environment (including pollution 
situation, long-term changes in climate, etc.); and (ii) trends due to change(s) in (quantity and quality of) 
materials used (stock at risk). 
 
29. Data on the bioavailability of metals along the full pathway from the source to the final receptor  
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are needed and a harmonized methodology should be used to measure parameters important for 
determining bioavailable concentrations (pH, hardness, organic matter content). 
  
30. It is important to consider the combined effect of released metals in aquatic, soil and sediment 
compartments in terms of tolerance intervals and not only as single threshold values. 
 
31. There is a need to establish a ´top down /bottom up´ methodology to integrate data on the 
production and use of metals as provided by industry into stock at risk assessments. 
 
32. A harmonized methodology is needed for mapping the geographical distribution of metal release 
due to corrosion in Europe and its regions. 
 
33. The effect of the release of organic compounds from coatings and other organic materials, which 
are often proposed as alternatives to metals, needs to be further investigated. 
 
E. Overall conclusions and recommendations 
 
34. It is necessary to establish the relative importance of metals released to the environment due to 
corrosion from building and construction materials, as compared to other anthropogenic and/or natural 
sources. 
  
35. Once metal is released, it is important to consider its whole pathway from source to receptor. 
This includes, inter alia, the effects of dilution with other water sources, the potential retention on natural 
and/or man-made absorbing surfaces and the character of the metal chemical speciation, which is of 
crucial importance for assessing its bioavailability. 
 
36. To ensure continuing sustainability, attention should be given to the capacity of the environment to 
absorb metals, taking into account their accumulation and their fate in general, and taking a long-term 
perspective. 
 
37. It is important to distinguish corrosion processes from run-off processes and to note that, 
generally, corrosion rates are different from run-off rates. The corrosion rates are initially higher but 
decrease with time and will, with a prolonged exposure time, approach the lower run-off rates. 
 
38. There is general consensus that there has been a reduction in both corrosion and the amount of 
metal in run-off in Europe over the past 30 years, mainly due to decreasing levels of SO2 in the 
atmosphere. To better understand the corrosion as well as the run-off mechanisms, including the changes 
occurring, it is important also to take into account the effects of other pollutants, e.g. HNO3, O3 and 
particles including chlorides, which are present in multi-pollutant situations. 
 
39.  It is recommended that mapping procedures should be used for reliable and regionally 
differentiated assessment of run-off. It is desirable that all countries should use a common methodology 
which would facilitate comparisons as well as the production of maps presenting the regional European 
situation. An important step in this direction would be to include run-off in the Mapping Manual. 
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40. Further development of run-off assessment should be focused on the standardization of 
exposures and the development of tools and methodologies to transform standardized run-off rates to 
real situations. 
 
41. In view of the documented serious economic, social and cultural consequences of the damage to 
materials and run-off of metals caused by air pollutants, efforts should be made to fill, as efficiently as 
possible, the important gaps in knowledge concerning, in particular: (i) reliable dose-response functions, 
including run-off functions that would take into account the combined effects of sulphur and nitrogen 
pollutants, ozone and acid precipitation; (ii) trends in the levels of acidifying air pollutants in Europe and 
their effects on run-off rates of metals; and (iii) stocks of materials at risk and their geographical 
distribution. There is an urgent need to continue relevant activities and to ensure adequate support for 
them (including necessary funding) both on a national and on an international level. 
 

II. REVIEW OF ACTIVITIES OF THE NEW SUB-CENTRE ON CULTURAL HERITAGE 
AND STOCK AT RISK IN ITALY 

 
42. At its twentieth session, the Executive Body agreed to establish a new sub-centre of ICP 
Materials for cultural heritage and stock at risk in Italy (ECE/EB.AIR/77, para. 61 (d)). The activities of 
the sub-centre, which have already started, may be divided into two main groups:  
(i) organizational tasks; and (ii) operational/technical tasks. 
 
43.  The main tasks/activities for the organization of work and the dissemination of information: 
 

(a) Following the designation of the Italian National Agency for New Technologies, Energy 
and the Environment (ENEA) by the Government of Italy as the institution which should set up the sub-
centre within ICP Materials, its new collaborators were selected and recruited to form the essential 
permanent personnel of the sub-centre; 

(b) A general work-plan was drawn up based on the main aims and objectives of the sub-
centre. The planned activities are divided into four phases and their implementation will require close 
collaboration with other partners within ICP Materials. The work-plan will be regularly updated, both to 
respond to the actual needs of ICP Materials and the Working Group on Effects and also to ensure the 
efficient use of resources made available by other participants in the programme; 

(c) In order to spread information about the sub-centre and to gain broader support for its 
activities, a workshop was organized at the Italian Ministry of Environment in April 2003 with the 
participation of other relevant Italian organizations/bodies. The sub-centre presented its work-plan for 
discussion and reviewed its ongoing activities. It also distributed a new brochure describing the activities 
of ICP Materials in general, and the aims and objectives of the sub-centre in particular. 
 
44. The operational/technical tasks: 
  

(a) An overview of stock-at-risk studies in different European countries has been started; 
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(b) From the United Nations Educational, Scientific and Cultural Organizations (UNESCO) 
list of world heritage monuments, which contains some 500 sites, around 300 cultural heritage 
monuments were selected. Their geographic coordinates were extracted and included in a European map 
as a starting point for a mapping procedure;  
 (c) With the assistance of the Federal Environmental Agency (Germany), the sub-centre 
used a computer program to download the EMEP grid (50 km x 50 km) coordinates from the EMEP 
web page. These are being used to map monuments at risk in Europe; 

(d) Direct contact was established with the UNESCO World Heritage Centre. Close 
collaboration with this Centre is considered of great importance for realizing some of the important 
objectives of the sub-centre; 

(e) In collaboration with other participants in ICP Materials, a project proposal was 
prepared and submitted to the new European Union Sixth Framework Programme for Research. 
Implementation of the proposed project would greatly contribute to the further development of 
international activities within this field. 
 
45.  Further information may be obtained from:  
 
Italian Sub-centre on Cultural Heritage and Stock at Risk 
Mr. Stephan Doytchinov 
ENEA - Environmental Department 
301 S.P. Anguillarese, Santa Maria di Galeria, P.O.Box 2400 
I-00100 Rome, CR Casaccia 
Italy 
Phone: +39 06 3048 3972 
Fax: +39 06 3048 6487 
E-mail: doytchinov@casaccia.enea.it  
 
Main Research Centre of ICP Materials 
Mr. Vladimir Kucera (Chairman)  
Swedish Corrosion Institute 
Kräftriket 23 
SE-104 05 Stockholm 
Sweden 
Phone: +46 8 674 1725 
Fax: +46 8 674 1780 
E-mail: vk@corr-institute.se  


