COST Action G7

Minutes of the WG3 meeting held on April 26, 2002 at the Federal Institute for Materials research and Testing, Berlin, Germany

The meeting kicked off with a presentation by S Rafi Ahmad, on the strength, weakness, opportunity and threat, realized so far, in pursuit of achieving the working group’s objectives. The synopsis of the analysis, included in Appendix I, emphasises the need for adopting a coherent action plan with milestone by the members. It was pointed out that although complimentary and supplementary expertise exist within the membership of the WG3, no synergistic action plan has, so far, been adopted for a variety of reasons. This was addressed later in the 2nd part of the session on outline proposals to respond to the EU’s call for expression of interest (EoI) as a pro-active exercise.

Although, the EU’s call for EoI within the forthcoming FP6 did not explicitly include  a research priority in the field of conservation of Cultural Heritage, recommended by the STOA working unit, the contents of the report were very relevant to our COST action, particularly to the objectives of WG3.  The synthesis of the report entitled, “Technological requirements for solutions in the conservation and protection of historic monuments and archaeological remains” was presented by Marta Castillejo, highlighting the R&D gaps needed to be filled in, with the use of laser and opto-electronic technologies. The synopsis of the recommendations is included in Appendix II.

The session ended with three presentations, two of which by invited experts. J V Garcia-Ramos presented the first, on the use of Raman scattering techniques for monitoring chemical and biological pollutants in artwork objects (Apendix III). The use of statistical analysis of Raman data using principal component analysis was considered to be a key factor for the best utilization of Raman data which are usually extremely weak and buried in noise from imponderable sources.In that line the interest of the SERS (Surface Enhanced Raman Spectroscopy) technique was commented. While it is useful to interpret Raman data through statistical analysis, it is better to implement new and innovative methodologies and computer software-based protocols to improve the quality of Raman signals. This was highlighted by S Rafi ahmad in his brief presentation on the use of Raman scattering technique for atmospheric pollution monitoring. He pointed out that focused R&D are needed to make this technology commercially available for artwork response and environment monitoring applications.  Finally, the session conclude with the presentation by Oscar Van den Brink on the, “Paint dosimetry for monitoring museum environment and laser cleaning” (Apendix IV). Prolonged (9 months) exposure to actual museum environment of painted samples and retrospective mass spectroscopic analysis has revealed hydrolysis, oxidation and polymerisation in the painted materials.

The second session started with an up-date of Task 3 of the WG3 (Main achieved goals) by Vassilis  Zafiropulos.  There wasnothing much to be added to that presented at the last meeting in Crete nearly 5 months ago. However, because of the need for a unified and considered response to the recent EU call for EoI within the forthcoming 6 FP, the goal posts were altered to address the immediate need for the presentation of proposals and to discuss collaboration mechanism. The rest of the session was devoted to presentation of some project proposals and to receive feedback from the membership.

The meeting resolved that a coherent response to the forth-coming call for EoI within the 6 th FP, will be made which will encompass the proposals presented in the meeting and endorsed by the membership (see Appendix V). However, a suggestion was made to incorporate nanotechnology and extend the remit of our objectives to include other environmental and material sectors. Decision was also made to strengthen our collaborations through exchange of results and ideas of mutual interest within the membership.

Appendix I

WG3:   Real time Optical Equipment for Environmental Aspects and the Response of Artwork

SWOT ANALYSIS

STRENGHTH
· Well-defined objectives 

· Relevant expertise of     memberships.

· Adequate R & D Facilities at  members’ institutes.

· Willingness to collaborate.
WEAKNESS
· Lack of communication and collaboration between members.

· Little or no input from the conservators.

· No direct involvement with instrument manufacturers.

· Lack of coherency in on-going relevant R & D.

· Lack of funding for focused R & D.

OPPORTUNITY
· Basic research and innovation.

· Instrument development.

· Applications beyond artwork and artwork environment.

· International market potential.

· Improvements on existing technologies.
THREAT
· Cost-effectiveness.

· Long lead time for application

· Lack of harmonization.

· Lack of standardization

Appendix II

Filling the gaps with lasers 

A summary of the Working Paper for the STOA Unit on “Technological Requirements for Solutions in the Conservation and Protection of Historic Monuments and Archaeological Remains”,

Prepared by

Marta Castillejo,

Institute of Physical Chemistry, CSIC

Madrid, Spain,

For the

  G7 COST WG3 Meeting,

Berlin, 25-27 April 2002.

This is a summary of the Working Paper for the STOA Unit on “Technological Requirements for Solutions in the Conservation and Protection of Historic Monuments and Archaeological Remains”, issued in October 2001. Only the points related with possible activities of COST Action G7 “Artwork Conservation by Laser” are listed and commented below. Some examples of the past and ideas for future developments are also given.
The original STOA document can be viewed in: http://www.europarl.eu.int/stoa/publi/default_en.htm
1. Framework and definitions

Cultural Heritage (CH) is considered in terms of its climatic environment: Three categories: outdoor, indoor, buried. 

Materials of CH: stone, brick, leather, paper, wood, paintings, metals.

Deterioration due to: atmospheric pollution, urbanization, tourism, ground water fluctuations or inappropriate conservation treatments.

2. Trends from EC-funded Research to date. Highlights of Projects

( High number of projects related to stone.

( Recognition of importance of organic materials and role of micro organisms in decay. Work on protection of leather, paper and parchment. Understanding modes of degradation, factors that accelerate damage and approaches to care.

( Conservation materials. Coatings, water repellent treatments, etc.

( Archaeometric studies on the impact of air pollutants and climate in the past on artworks.
3. Major Research Gaps

3.1 Understanding materials

( Behaviour of materials and their interactions with each other and environment. Identify markers sensitive to particular environmental changes or markers that integrate all the variables in the environment.

Example: Glass sensors to monitor environmental effects on stained glass windows. Corrosion by IR spectroscopy (Fraunhofer Institute).

Example: Dosimetry is an approach in the Molart Project (NL): molecular changes studied by mass spectrometry in paint dosimeters as tools to monitor museum environment. Also used in a European Project for laser cleaning of artworks. Overall effect is determined as opposed to measurements of individual variables that may suffer big fluctuations. 
3.2 Monitoring change

( Knowledge of mechanisms of ageing and decay, synergisms and reactions.

( Development of new sensors. 

Example: Sensors web devices, Jet propulsion Laboratory, NASA.

( Remote monitoring. 
Example: Fluorescence LIDAR.

( Data transmission and other IT tools to monitor change and validate conservation decisions.
3.3 Modelling and predicting behaviour

( To model behaviour of individual materials composites, structures in different environments and contexts. 

( To adapt techniques well developed in other sectors to CH: satellite systems, non-intrusive and remote monitoring instrumentation, etc.

4. Specific subjects to be developed in the future

4.1 Air pollution effects: Monument and sites

( Assess SO2 and NO2 impact on monuments. Measure pollutant concentration, spatial distributions and sources. Material damage arises from long-term cumulative exposure. 

Example: Laser ablation followed by Mass Spectrometry  to measure sulphation of limestone and carbonaceous sandstone (G. Åberg).

( Use of simple techniques such as diffusion sampling (based on air diffusion to bring the pollutant in contact with a sorbent) to map pollutant concentration.

4.2 Air pollution effects: Indoor air in museums and archives

( Response of materials to microclimate changes. Effects on individual components and their synergy.   Dynamic response of complex materials.

( Measurements of indoor emissions from materials and humans in CH environments.

( Secondary reactions among gases and secondary products of indoor chemistry.

( Dry deposition of particles and ways they react with surfaces.

Example: Laser cleaning of surface particulates.

( New and multifunctional sensors for air pollutants in museums and archives. 

Example: Optical absorption techniques for gas monitoring: DIAL, DOAS, tunable diode laser spectroscopy. Get ideas from these techniques when applied to monitor atmospheric pollution, geological, volcanic emissions, etc.
4.3 Long term behaviour of materials

( Description on a microscopic scale of degradation processes: salt damage, frost damage, thermal and wetting/drying cycles. Long-term behaviour of materials.

Example: Accelerated or artificial ageing to assess long-term effects of treatments.

( In depth understanding of conservation processes: cleaning methods, consolidants compatibility and long-term effects. Models for these processes.

( Availability of new instrumentation for monitoring parameters such as concentration of moisture, salts, temperature.

4.4 Bio deterioration of CH( Perform advanced chemical and physical studies on processes suffered by materials. Need to model and interpret these processes on a microscopic scale.

( Need to develop and modify existing analytical techniques for CH with special requirements of high accuracy, micro- or non-destructive analytical procedures combined with small and irregular sample populations. 

( Develop and modify existing techniques and develop new advanced techniques to tackle unresolved conservation problems. Re-engineering of techniques and instrumentation to simplify their use.

Example: Development of techniques for miniaturization: Miniature Mass Spectrometer for
 space flight safety, JPL, NASA.

Example: Development for portability of laser based optical and vibrational spectroscopies as fluorescence, LIBS, Raman, etc.

Example: Development of cavity ring down spectroscopy as a sensitive analytical technique.
( Advanced techniques using non-destructive or low-intrusive from other fields adapted to further improve understanding of materials, state of preservation.

Example: Holographic interferometry to study changes in artwork influenced by environmental effects 
(FoRTH, Greece).
• Laser techniques in conservation. More to study on mechanism of laser yellowing and effects on materials and pigments. -----------------------------------------------------------------

The document ends with some conclusions and recommendations: 

( A key point in the document: Basic research is the foundation from which new conservation ideas emerge, technological developments are built and practical applications flourish.

( Proposal for promotion of a European Cultural Area and the creation of a European Panel on the Application of Science to Cultural Heritage (EPASCH)

APPENDIX III

LASER RAMAN TECHNIQUES FOR CONTROL OF CHEMICAL AND BIOLOGICAL POLLUTION OF ARTWORKS.

José Vicente García-Ramos

Instituto Estructura de la Materia, CSIC,Madrid, Spain.

In this talk, a short general introduction on how Laser Raman spectroscopy is able to monitor molecular microscopic changes in artwork materials (due to ageing, environmental factors, etc) was presented. In particular, the advantages of Raman Spectroscopy for the application to problems in Art and Archeology were evaluated: minimal sample preparation, no chemical or mechanical pretreatment and specimens in their state of natural hydration without further desiccation. On the contrary, the main disadvantage is the overlapping of weaker Raman spectra by strong fluorescence emission in the visible region (420-520 nm) which can be overcame by using near-infrared (NIR) excitation wavelengths. Also, the Raman Microscopy which consists on a Raman instrument coupled to a microscope (spatial resolution: 5 (m) can produce spectra that are largely fluorescent-free.

Some examples were  presented on:

-Gas sensors based in the SERS (Surface Enhanced Raman Spectroscopy) technique for control of indoor environment.

- Biocide Sensors based in SERS.

- Confocal Raman to detect biological crusts on stone (Study of Mineral Bioweathering Processes by Raman Microscopy).

- Developments in Raman portable systems.

APPENDIX IV

PAINT DOSIMETRY FOR MONITORING MUSEUM ENVIRONMENT AND LASER CLEANING

Oscar F. van den Brink, 

Akzo Nobel - Chemicals Research Arnhem, P.O. Box 9300, 6800 SB Arnhem, The Netherlands 

Painted works of art on display in museums are subject to many environmental factors. Air pollutants that diffuse into the museum from the outside, and gases emitted from building materials and equipment inside the museum react with the works of art. Visitors of the museum are another source of air pollution. Other factors such as light intensity, temperature, and relative humidity determine the rate at which these reactions occur. As these factors can have both synergistic and inhibitory effects, the overall effect of the environment is a non-linear function of these factors. Hence, unless the nature and extent of interaction of the factors are known in detail, separate measurement of each of these individual factors does not result in an accurate assessment of the effect of the environment on the works of art. 

The presentation focused on results obtained with test system based on traditional artists' materials to measure the overall effect of the museum environment on paintings. Changes in the chemical composition of these test systems are used as indicators of the environmental impact. Mock paintings were prepared using a mixture of whole egg and mastic as the binding medium. Non-pigmented test systems as well as systems pigmented with lead white, azurite, sienna, smalt and curcumin were used. A calibration set was obtained by controlled exposure of the test systems to light, elevated temperature and to air pollutants (NOx, SO2). The chemical composition of the calibration set was analysed by mass spectrometric techniques. Changes in cholesterol, glycerolipids and triterpenoids, which point at processes such as hydrolysis, oxidation and polymerisation were identified. The mass spectrometric results were used to derive the degree of chemical change in the test systems. Comparative results of a 9 months' exposure of the test systems to the selected museum environments in the Rijksmuseum (NL), the Tate Gallery (UK), the Uffizi (It), the Alcazar (Sp), and Sandham chapel (UK) were also described. 

Appendix V

Outline Project proposals

1.
Effect of Major Atmospheric Pollutants on Artwork Paints

Objectives

Sulphur dioxides, nitrogen dioxides and carbonyl compounds are some of the chemicals identified as the major reactive species causing damage to paints in artworks. Under ambient conditions the reactions between the airborne chemical species and the molecules at the surface of the artwork are compounded by the presence of water vapour (humidity), light (particularly the ultraviolet component), ozone and variable thermal agitations (temperature). The main objective of the project is to study the reaction kinetics of above mentioned chemical species with those of the clean (restored) and new paint surfaces under simulated environmental conditions. 

Methodologies

Studies will be conducted on samples of old paintings (before and after laser cleaning) and newly painted surfaces.  Before exposure to selected chemical species under various simulated environmental conditions (humidity, temperature, optical radiation etc.) the samples will be characterized by spectroscopic analysis (Raman, fluorescence and reflection). The analysis will be repeated after exposures for variable times and the cumulative effects on molecular sites will be investigated by high resolution Raman spectroscopy. The other spectroscopic data will be interpreted to quantify gross physical and chemical changes as a result of exposures to different pollutant species.

Deliverables

· Publications of research results in International journals.

· Presentation of research results in meetings of the learned societies.

· Dissemination of results in the Internet.

· Final technical and scientific reports including conclusions and recommendations.

Partner Profiles

Expertise/facilities in Raman/fluorescence spectroscopy, sensitive monitoring (preferably optical) technology, analytical chemistry for sample characterization, design of a small and controllable exposure chamber and theoretical modelling of reaction kinetics.

Funding Prospects

EEC- 6 th Framework, EUREKA, National heritage, Private sponsorship.

Contact person/initiator

S Rafi Ahmad, Cranfield University,

RMCS, DEOS, Shrivenham, Swindon,

Wilts. UK. SN6 8LA

Tel: +44-1793-785233

ahmad@rmcs.cranfield.ac.u
2.
Raman scattering technique for in situ monitoring of atmospheric pollutants
Problem

In-situ continuous monitoring of air borne pollution is a challenging problem for the artwork protection and environmental regulatory bodies. Conventional grab sampling and retrospective laboratory analysis do not provide the solution to the need for in situ monitoring and surveillance of pollution dispersion and modelling. A cost-effective, portable and a versatile instrument (capable of monitoring several pollutant species simultaneously) is needed. Optical instruments based on spectroscopic analysis such as Raman scattering, absorption, fluorescence etc. are expensive, bulky and require highly skilled personnel to operate and for the interpretation of data.  More over, such instruments are designed for laboratory use as versatile tools for wide range of applications. These are not designed for on-line monitoring. Further research and technological innovation are expected to allow development of a cost-effective system for wider applications in environmental monitoring, particularly within the museum and art galleries.

Proposed solution
Based on the data on the Raman scattering properties of some target pollutants, e.g. Raman excitation profile, and taking advantage of the recent advances in electro-optics and laser technologies, a portable and cost-effective Raman system will be designed and tested for in situ multi-spectral (species) monitoring.
Innovations

Technological innovations in optical, mechanical and electronic filtering for signal processing and retrieval. 

The use of tuneable solid-state lasers (to be developed) for resonance enhancement of Raman scattering.

Raman scattering data, including excitation profiles for resonance excitation.

Partner’s profiles

Expertise in lasers, electro-optical instrumentations, spectroscopy, instrument/component manufacturing and end users.

Funding Sources

EEC-6 Framework, EUREKA, National Gov. Departments of Trade & Industry/Environment, Environmental agencies, Instrument manufacturing Companies etc.

Contact

S Rafi Ahmad,

CALS, DEOS, RMCS,

Cranfield University,

Shrivenham, Swindon, Wilts.

UK. SN6 8LA.

Tel: +44-1793-785233

e-mail: ahmad@rmcs.cranfield.ac.uk
3.      Laboratory of Atmospheric Pollution and Pollution Control Engineering

Problems

There is an increasing understanding that for the preservation of cultural heritage objects and buildings, the control of the indoor environment is of primary importance. There is a need of a deeper understanding of the matrix between indoor air climate, air chemistry, and material deterioration processes. Unfortunately, the expertise that is required to accurately study these conditions is segregated into diverse fields that have not communicated effectively. 

The resulting literature is rich in approaches, but heterogeneous in its methods and it is difficult to compare the results of each work. Instruments are different and also operate on different physical principles and especially for particle concentrations they measure different particle properties. For biological air pollutants there is no standard method. There is an urgent need for new technological tools such as the development of new sensors for multipoint monitoring, data transmission systems, and other IT tools to monitor air quality parameters and changes in surfaces of artifacts, with standard methods fully adopted by all. 
There are two main problems in IAQ to be solved:

1. Real-time, simultaneous multipoint monitors of air quality parameters in a building or outdoors. 

2. A cost-effective and easy applied method (at least qualitative) to investigate in situ the effects of the environment on surfaces.

Proposed solutions

The first problem is to find a cost-effective easy applied method to monitor air quality.

A monitor must be developed that can measured in real time in multiple points the microclimatic parameters such us: temperature, relative humidity, air velocity, operative temperature. This system could also integrate a quantitative gas monitoring system, which can measure several gases in multiple points in a room. Another sensor can be developed that accurately predicts aerosol number and size distribution, which will be based in a standard method.  

For the second problem mentioned above, a sensor has to be developed, perhaps with the aid of new material scientists, which can be placed near the artefacts and alters its surface properties according to basic environmental parameters, giving an on line signal.  

The innovation

Technological innovations in optical, mechanical and electronic filtering for signal processing and retrieval. 

A standard method in indoor air quality measurements.

A standard method in investigating environmental effects on the surface of artefacts.

Our contribution 

Basic scientific data with numerous state of the art instruments like a weather station with remote data transfer, particle size counters, a carbon soot mass analyser, a nephelometer, a sun tracking photometer, an atmospheric pressure ionisation mass spectrometer for direct atmosphere analysis, a gc-ms, numerous gc’s, an ion chromatograph, CO, NOx, O3 and SO2 analysers, a hplc, an atomic absorption spectrometer, a total organic carbon analyser, an elemental analyser (C, H, N, O, S), high volume dichotomous virtual impactors and numerous low volume filter packs and denuders, indoor microclimatic conditions sensor, a photoacoustic multigas analyser and a CCD camera for particle induced velocimetry.

Partners wanted

Expertise in lasers, electro-optical instrumentations,  material scientists, instrument/component manufacturers, end users.
Contact

Professor Dr. S. Rapsomanikis 

email:rapso@env.duth.gr Demokritos University of Thrace

Vas. Sofias 1, 67100 Xanthi, GREECE, tel. +30-541-62954, telfax+30-541-62988

Funding Prospects

In EU FP6: Priority Thematic Area of Nanotechnologies and Nanosciences, Knowledge based Multifunctional Materials and New Production Processes and Devices. 

4.
Development of multifunctional sensors for air pollutants

Objectives

To develop devices consisting in sensors able to trace different gas components in the environment. These could be based in mass spectrometric analysis or in optical absorption techniques. For the former, the Jet Propulsion Laboratory Sensor Web Project could be a source of inspiration. For the latter, long–path absorption measurements  with tunable diode laser sources or range-resolved measurements (light detection and ranging, LIDAR) could be used. Both indoor and outdoor monitoring could be contemplated.

Methodology

Selection of artwork type. Identification of significative group of gas contaminant affecting the particular type of artwork. Design of multifunctional sensors.

Funding Prospects

In EU FP6: Perhaps in Priority Thematic Area of Sustainable Development, Global Change and Ecosystems.
Partners required

Research partners with expertise/facilities in gas monitoring techniques. R&D and engineering partners.

5.
In-situ dosimeter for indoor microclimate monitoring

Objectives

The museum environment is a limited space dedicated not only to exhibitions, but also to the appropriate conservation of works of art. Consequently, it is of paramount importance that the museum microclimate conditions be properly arranged so as to guarantee a safe and long-term conservation aimed at preventing and limiting the deterioration process. This is not an easy task, because our museums and galleries, for historical reasons, are historical buildings themselves, such as royal palaces or palaces of the past nobility, and they are embedded inside the centers of our cities, in areas where the pollution is high and very little can be done in building plant to create an ideal microclimate conditions

The environmental parameter of museum are divided into two classes, those relative to comfort, that means temperature, humidity and lighting conditions, and those relative to pollution, that means particles suspended in the air and the gaseous pollutants (Sulphur dioxides, nitrogen dioxides, ozone, and carbonyl compounds).

The objective of the project is the implementation of a miniaturized device for the continuous dosimetry of comfort and pollution parameters. Many dosimeters can be permanently installed and Internet connected in the most important European galleries, so as to achieve a centralized monitoring and the European whole figure of indoor pollution and exposure risks.

Methodologies

Colorimetric passive samplers will be implemented for the dosimetry of comfort and pollution parameters. A comparative colorimetry between exposed and unexposed samplers will be performed by means of miniaturized optical fibre spectrophotometers. The instrumentation will be a sort of in-gallery miniaturized laboratory, i.e. an instrument which is able to perform dosimetry on a continuous basis and totally autonomously.

Deliverables

· Prototypes and field tests inside museums

· Publications of research results in International journals

· Presentation of research results in meetings of the learned societies

· Dissemination of results in the Internet

· Final technical and scientific reports including conclusions and recommendations

Partner Profiles

· Expertise/facilities in fabrication and testing of colorimetric passive samplers

· Museums

· Conservators

Funding Prospects

EEC- 6 th Framework, EUREKA, National heritage, Private sponsorship.

Contact person

Dr. Anna G. Mignani

CNR-Institute of Applied Physics ‘Nello Carrara’

Via Panciatichi 64, I-50127 Firenze, Italy

Tel: +39-055-4235 262 – Email: a.g.mignani@ifac.cnr.it
6. 
Effects of wet and dry atmospheric deposition on exposed stones and mortars: Correlation between field exposure studies and monuments

Objectives

Stone degradation is a term which generally describes the complex of natural and human-altered weathering process. Knowledge of the detailed mechanisms and rates of stone decay contributes to the conservation and protection of historic stone monuments. The identification of clear indicators of such degradation mechanisms leads to the recognition of the decay mechanism and process. For example in marine locations with low pollution the effects of sea-salt deposition can be evaluated measuring the Cl:Na ratio on stone surfaces, since sodium chloride is a specific indicator of sea-spray. Air pollution attack on stone surfaces can be evaluated determining specific elements, which are associated with environmental loading, such as S, Fe, Si, Al and Ti. The basic construction elements of the exposed monuments (stones and mortars) are differently affected by the wet or dry atmospheric deposition. The wet deposition induces material loss while the dry one leads to accumulation of alteration products on stone surfaces with damaging consequences. 

The objectives of the project are to monitor the effects of wet and dry atmospheric deposition on construction materials located in polluted and/or marine environments. For this reason both quarried samples and construction materials of monuments will be considered in order to assess environmental effects possibly by means of non-destructive techniques. The monitoring of the environmental effects will be based on the identification of specific decay indicators, which are related to each prevalent decay mechanism. Different construction materials (e.g. different types of stone) will be studied in order to assess the decay susceptibility of each material.

Methodologies

Studies will be conducted on quarried samples and monuments exposed to both wet and dry atmospheric deposition in different environments. The samples will be characterized by spectroscopic analysis (infrared, Raman, fluorescence and reflection). Techniques capable to monitor the decay effects, such as EDXRF and LIBS will be of primary importance. Both LIBS and EDXRF can also be applied e.g. both to filters, which collect the atmospheric deposition and to the façade of monuments. This way we can directly obtain, in a quantitative way, the environmental impact on stone surfaces. Into this context, EDXRF can also be applied for the analysis of water run-off collected directly from the monument and/or quarried samples surface. Other accessory destructive techniques for the above-mentioned applications would be the AAS/AES (atomic absorption/emission spectroscopy) and IC (ion chromatography), which provide quantitative analysis of important pollution ions, such as K+, Na+, SO4=, Cl-, Mg++, Ca++, NO3-, NH4+, etc. Another technique of great importance to be considered is the fibre optics reflectance spectroscopy, which in the NIR zone provides non-destructively the identification of gypsum, the major alteration product.

All the collected data will be interpreted to quantify the chemical changes as a result of exposure to wet and dry atmospheric deposition and to gain insights on the reaction kinetics of the major atmospheric pollutants.

Contact person

Dr Noni Maravelaki-Kalaitzaki,

Ministry of Culture, 25 th Dept. of Prehistoric & Classical Antiquities, 21 Chalidon Str., Chania, GR 73100, Greece.

Tel: +30-82144418, Fax: +30-82194487

Noni.maravelaki@keepka.culture.gr
