Minutes

COST Action G7 – Working Group 3 Meeting

Real-time Optical Equipment for Environmental Aspects and the Response of Artwork.

Vienna, June 16, 2001

1400 – 1600 hours

Session chair: S R Ahmad

1.
The session started with the welcoming and introduction of 3 new invited members:

· Vivi Tornari – FORTH (IESL), Greece.

· Anna G Mignani – IROE, Italy.

· Simon Watts, OBU, UK.

This was followed by a brief introduction to the remit and justification of this working group by the session chair. It was pointed out that the non-invasive and in situ monitoring of species and processes are integral and vital parts of the activities set out to realize the objective of the present action: artwork conservation by lasers. Current measurement technologies are based on sampling (over a long period) and retrospective laboratory analysis using expensive and sophisticated equipment to achieve the required sensitivities. It was emphasized that the optical technologies based on the unique properties of lasers have the best prospect for devising esoteric equipment to fulfil the above objectives. For this, the primary requirement is a thorough understanding of the mechanism of optical interaction with the environmental species and the materials of artwork and data on the characteristics of such interactions.

2. A table outlining the profiles of the activities and expertise of the members of the WG3 was prepared and presented to the members. It was requested that the members check through their profiles (including contact details) and send the corrected/amended details back to the WG3 coordinator. This table will be regularly updated and circulated to the members. The up-to-date version is included in Annex 3.1 below.

3. A synthesis of database made from the analysis of information that was provided by the members, under 3 different task headings, were presented. This was based on the ‘filled in’ task forms received from the members. From the analysis of data received so far, the conclusions drawn are as follows:

· Task 1: Database of Published Literature 

a. Literature on advances in monitoring technologies: Most reported studies on artwork environment monitoring are based on sampling and retrospective chemical/physical measurement methods. Research on optical techniques is based on long path absorption, fluorescence and Raman scattering techniques. However, these may show promise in laboratory environment and for fairly high concentrations (ppm level), but are not yet suitable for real-world measurements at the sensitivity levels required for artwork environment. Some research has been reported on techniques such as photo-acoustic spectroscopy, resonance Raman scattering, two-photon excitation spectroscopy, intra-cavity laser spectroscopy etc.

b. Literature on diagnosis and environmental  response of artwork:  Extensive research results have been published on this topic over the last two decades. A small sample of such papers was cited as examples. It was considered to be a very challenging and time-consuming undertaking to synthesize results from such a huge volume of research papers to produce a coherent picture of the state-of-the-art of this topic. Fortunately, an attempt has recently been made to do just that through the publication of a book by the UK Museum Association:

N Blades, T Oreszczyn, W Bordass and M Cassar, “Guidelines on Pollution Control in Museum Building”, (David Martin ed.), Museum Asscn. UK (pub.), Nov. 2000.

(Museum Practice, Museum Association, 42 Clerkenwell Close, London EC1R 0PA, e-mail: info@museumassociation.org).

Members were urged to provide up-to-date literature information as par relevant forms and to include the abstract and key words in future communications. More review articles on the above topics in other member countries (preferably translated in English) will be gratefully received and will make valuable contribution to our database.

· Task 2: Laser and Optical Methods in Monitoring, Analysis and Diagnosis

The forms received from the members on this topic relate to their respective methods and expertise. At this stage, no attempt was made to collect information on related works by others in similar fields. It was considered that the widespread expertise and current interest within the members’ organizations should be most up-to-date in the relevant field of application. A synthesis of the information received so far is included in Annex 3.2. It appears that different methodologies (eg absorption, Raman scattering, holographic interferometry etc.) are being utilised for the monitoring of different species and to study the environmental effect. The need for a critical and quantitative evaluation of potentials of various optical technologies for the monitoring of various species and process was felt. The issue will be high on the agenda in the next meeting of the WG3.

· Task 3: Current and Future Demands for research – Synthesis of received information
Information received so far strongly suggests that near-market R&D with industrial partnership is needed in all aspects of the remits of the WG3. In general the practice, so far, appears to be the application of commercial instruments such as, Raman spectrometers, LIBS, image processing, holographic system etc. for artwork material/pigment analysis and to study the effects of various environmental parameters on the artworks (see Annex 3.3-a & b). There appears to be a lack of efforts and initiative to improve the performance of the existing instrumentation and the development of innovative techniques and methodologies to address the above challenges. 

The field of artwork environment monitoring is still almost exclusively governed by the conventional ‘sampling and retrospective chemical/physical analysis’ procedure. However, environmental monitoring, in general, is an important field and there had been some progress in instrument development towards this goal. But, most of such instruments are concerned with the monitoring of outdoor environment and the required sensitivities for such devices are much lower than those needed for indoor, particularly artwork environment (Annex 3.4). There is, therefore, a need for further focused research to improve the sensitivities of the existing optical monitoring devices and to implement innovative laser techniques to devise new instrument. Since R & D for instrument development is driven by market force, the goal needs to encompass a broader application area.

4. Simon Watts reviewed the existing monitoring technologies for artwork environment. According to his report, almost all current measurements of museum environment are based on passive sampling. The established protocol in such measurements is to allow air to diffuse slowly down a small tube or on to bandage. The device is impregnated with a chemical, which has a unique affinity for the specific target species to be monitored. The target pollutants react with the chemical to change its properties or to produce some new reaction species. The retrospective analysis of the device gives a time average (a few days to a few weeks) concentration value for the target species. Dr Watts gave some examples of concentration levels of molecular species that are being monitored routinely in his laboratories. A synopsis of his presentation is included in Annex 3.5.

5. Anna Mignani presented an overview of the current state of the Optical Diagnostic technologies at her institution. The synopsis of her presentation is included in Annex 3.6.

6. Rafi Ahmad made a strong case for the R&D needs in the development and implementation of optical technologies, based on lasers for in-situ and non-invasive monitoring of artwork environment. He pointed out that although the present passive method is adequate for the purpose, this requires the availability of expertise and laboratory facilities for chemical/physical analysis. These are not widely available and could be quite expensive. Besides, this method only gives a time average value for the location of the sampling device. Data on the temporal and spatial variation are needed to model the dispersion of pollutants and to locate their sources. A comparison of existing monitoring methods was presented (Annex 3.7). This showed that a system based on infrared absorption has the best prospect of providing a system for in-situ non-invasive monitoring of various species simultaneously.

Commercially available systems (e.g. RAM 2000TM EDO Corporation, contact: edward.schneid@dp.ail.com) based on infrared absorption and FT technique are able to satisfy the current requirement. However, the cost and complexities of such systems are prohibitive and most museums and art galleries are unlikely to be able to afford such system. The emphasis of the current research should be the reduction of cost and complexity of such optical devices without compromising the versatility and sensitivity. This is a tall order, but something within the reach of the scientific community. For this, innovative and dedicated research on the optical interactions with artwork materials and the environment are needed.

7. Rea Drakou suggested some actions for the R & D within the remit of the WG3 (Annex 3.8). It was emphasized that the research need to be focused onto special sensor development for applications in many applications such as hospital, factory, large public building etc. in addition to its application in artwork environment. Rea also suggested that such R&D works need to be supported by facilities and expertise for the generation of artificial environment and validation by acceptable laboratory analysis by conventional methods (HPLC, Mass spectroscopy, atomic absorption spectroscopy etc.) 

8. Because of the lack of time (late starting) the discussion on new tasks and the R&D collaboration/funding could not be held. It was agreed to defer this until the next meeting. It was also resolved that the priority of the next meeting will be to discuss and plan strategies for collaborative research and apply for funding for such research ventures.


Annex 3.1

WG3 – Real-time Optical Equipment for Environmental Aspects

Membership Profiles

	No.
	Name & Address
	Company

Acronym
	Relevant activities/expertise

	
	
	
	

	1
	Dr. Sheikh Rafi Ahmad
Head, Centre for Applied  Laser Spectroscopy,
DEOS,  RMCS, Shrivenham Swindon

UK - SN6 8LA

Tel.:
44 01793 785 233

Fax:
44 01793 785 774

ahmad@rmcs.cranfield.ac.uk
	CU
	· Applications of laser spectroscopy for environmental diagnosis.

· R & D in Raman Lidar for air borne species monitoring.

· R & D of optical sensor for on-line water quality monitoring.

· Raman spectroscopy of green-house gases

· Fluorescence tracer technology for automatic identification of plastics. 

	2
	Dr. Martin Cooper
National Museums & Galleries, Merseyside Laser Technology

Conservation Centre, Whitechapel, Liverpool, 

UK -  L1 6HZ

Tel:
44 0151 478 4904

Fax:
44 0151 478 4990

sculpture@nmgmcc1.demon.co.uk
	NMGM
	· Use of commercial equipment for the measurement of indoor air quality:

· Hydrogen sulphides, organic acids, aldehydes and VOCs .

· Sampling of dust particles for retrospective analysis by particle counter

· Measurement of light level, temperature, humidity.

· Vibration analysis and integrated pest management policy

· Laser/Optical technology   ?

	3
	Dr. Roxana Radvan
National Institute of Research and Development for Optoelectronics, Platforma Magurele, 1 Atomistilor, Bucharest. Romania.
Tel:
401 420 10 01

Fax:
401 420 10 01

Radvan@ionea.ionea.ro
	NIRDO
	· Microclimate monitoring system and data storage and processing.

· Monitoring of trace gases in indoor environment.

· Laser/Optical technology?

	4
	Prof. Alessandra Andreoni
Dipartimento di Scienze Chimiche, Fisiche e Matematiche dell' Università

Agli Studi dell' Insubria,

Via Valleggio 11, IT-22100 Como, Italy.

Tel:
39 031 23 86 210

Fax:
39 031 23 86 119

Andreoni@fis.unico.it
	FMUAI
	· Development of novel laser sources. – parametric generation of ultra-fast tuneable lasers.

· Time-resolved laser spectroscopy with ultra-fast laser pulses.

· Development of elctro-optic instrumentation for signal detection and data analysis.

	5
	Dr. Vivi Tornari
Dr. Vassilis Zafiropulos

Inst. of Electronic Structure & Laser (I.E.S.L.), Foundation for Research and Technology - Hellas (F.O.R.T.H.), Vasilika Vouton P.O. Box 1527,
GR- 71110 Heraklion, Greece.
Tel:
+30 81391394

             +30 81391485
Fax:
+30 81391305
vivitor@iesl.forth.gr
zafir@iesl.forth.gr
	FORTH
	· Real time holographic techniques: Influence of environmental changes.

· On-line process monitoring by holographic interferometry

· Laser-based analytical techniques for analysis of environmental attack (encrustation). These techniques are Laser Induced Breakdown Spectroscopy (LIBS) and Laser Induced Fluorescence (LIF) combined with Laser Ablation.

· Scalar aging properties in varnishes and connection with environmental history.

	6
	Dr. Ing. Wolfgang Kautek
Laboratory of Thin Film Technology, Federal Institute for Materials Research & Testing, Unter den Eichen 87

D-12205 Berlin, Germany.

Tel: +49 30 8104 1822

Fax: +49 30 8104 1827

Wolfgang.Kautek@bam.de 
	BAM
	· Extensive facilities and wide range of expertise in laser spectroscopic systems for environmental monitoring and  basic research.

· Stae-of-the-art non-optical technologies include: X-ray diffraction, Scanning electron microscope, auger Electron spectroscopy, profilometry etc.

	7
	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
	MC
	· Real time laser spectroscopic techniques: Influence of environmental changes

· On-line process monitoring by laser spectroscopic techniques and optical techniques

· Field exposure studies of treated limestones and mortars by conservation products and evaluation of the surface characteristics through laser spectroscopic and optical techniques.

	8
	Luca Fiorani,

ENEA, Via Fermi 45,

00044 Frascati, Italy

Tel: +39-06 94005861

Fax: +39-06 94005312

Fiorani@frascati.enea.it
	ENEA
	· DIAL and Fluorescence Lidars for monitoring atmospheric species, vegetation and sea water.

·  Laser induced breakdown spectroscopy for heavy metal detection in soil.

· Infrared and photoacoustic spectroscopy for trace gas analysis.

	8
	Dr Rea Drakou,

Demokritos Univ. of Thrace,

Lab. Of Atmos. Poll. Sc. & Techn. GR 6700, Xanthi, Greece.

Tel: +30-541 62954

Fax: + 30- 541 73488

Kdrakos@otenet.gr
	DUT
	· Measurement of parameters of airborne particulate (concentration, size distribution and chemical composition) and  concentration of O3, NOx, VOCs etc.

· Modelling and predicting of indoor air quality –based on data on outdoor concentrations and the building design and other environmental parameters.

· Laser/Optical Technology?

	9
	Dr Simon Watts*

School of Biological and Molecular Sc. Oxford Brookes University, Headington, Oxford OX3 0BP, UK
	OBU
	· Sampling protocol and retrospective analysis of pollutants by conventional physical and chemical techniques.

· Laser/Optical techniques  ?

	10
	Dr Anna Grazia Mignani

IROE-CNR

Optics and Photonics Dept.

Via Panciatichi 64

I-50127 Firenze, Italy

tel +39-055-4235 262

fax +39-055-4379 569 or 410 893.email:mignani@iroe.fi.cnr.it
	IROE
	· optical fiber sensors for:

environmental monitoring (lighting, pollutants)

· structural monitoring (cracks, strains)

- absorption and reflectance spectroscoy in the VIS



	
	


Annex 3.2

Task 2: Laser and Optical Methods in Monitoring, Analysis and Diagnosis – Synthesis of contributions

	Source
	Methods
	Laser Parameters(wavelength, nm; pulse width, ns)


	Objectives (Species/parameter to be monitored)
	Comments

	R Drakou (DUTH)
	Light Scattering
	Commercial system (wl ?)
	Aerosol size distribution
	Not suitable for sized < 0.3 (m

	 D H Nettleton (NPL)
	Hantzsck reaction/LIF
	253 and 400 (Dye laser), ?          
	Formaldehyde (Fl.at 510 nm)
	Uncertainty and complication due to initial wet chemistry

	 L Fiorani et al (ENEA)
	UV-IR DIAL 
	Tunable-220-750 (Dye laser) and 9-11 (m (CO2 laser)
	Dust, humidity and pollutants
	Allows range-resolved, sensitive measurements of different atmospheric species. Complex system

	S R Ahmad

(CU)
	Raman Lidar
	308 (15) Excimer laser
	Water vapour
	Allows special profiles of many atmospheric species. Complex system

	 N Marvelaki (IESL-FORTH)
	LIBS
	248(30) and 1064 (7) –KrF & Nd-YAG lasers
	Composition monitoring/characterisation during laser cleaning of stone.
	Identified Ca, Si, Al, Fe, Ti & K

	V Tornari

(IESL-Forth)
	Holographic Interferometry
	694-Ruby and 647-Kr-ion lasers
	Environmental effects on Artwork materials
	Allows monitoring of both smooth and abrupt dimensional changes.


Annex 3.3-a

Task 3 : Current and Future Demands for Research in the field of WG2/3 – Synthesis of Contributions

	Source
	Field of Application
	Specific methodology
	R & D Status/Need

	
	
	
	

	R Drakou

(DUTH)
	Environmental monitoring
	Phase Doppler Anemometry
	Needs industrial collaboration for commercial system development

	V Palleschi

(IFAM-CNR)
	Material analysis
	LIBS, Micro-Raman, Holography
	Needs further spectroscopic research. Collaboration exists with an EU Network

	S Watts
	Environmental Monitoring
	Sampling and Laboratory Analysis
	Collaboration exist with SILPROT. Need for on-line measurement methods

	G Aberg

(IET)
	Material Analysis
	Optical Techniques
	Needs research for validation of Optical techniques

	M Castillecjo
	Pigment Analysis
	LIBS, Raman Spectroscopy
	Collaboration exists with CSIC,FORTH (Greece), FOB-AMOLF9NL), ISQ9Portugal) and Conservators in Spain

	Degringny

(ARC’Antique)
	Material analysis
	TRE LIBS
	Needs industrial collaboration for system miniaturization

	L Pantani

(CNR-IROE)
	Biodegradation in Stone
	LIF,

LIDAR
	R & D needs for improvement in reliability of data and standardization

	G Fornetti

(ENEA-FIS-SPET)
	Cathalogation
	Image processing
	R & D needs in color imaging and more accurate measurement for the cathalogation of small artwork

	V Tornari

(FORTH-IESL)
	Environmental effects on artwork
	Laser techniques and image processing
	R & D needs for studies on long-term effects of treatments of artwork


Annex 3.3-b

	Main achieved goals in the field of WG3
	Current demands – highest priority for further research
	Demands for research as lower priorities
	Means of meeting these demands

	
	
	
	

	1.Characterization of artworks mechanical stability and structural integrity in long- term recording

run by means of sequential holographic interferometry (HI)

2.Recording of sample and artworks responses (HI) under smooth and abrupt environmental

Changes

3.Recording of sample and artwork responses (HI) under laser ablation

4.Input of laser and optical diagnostic techniques for a non- destructive or micro- destructive

characterization of environmental encrustation

5,Consistent view of how some of the main tarnish agents work, what leads to their provenant

concentration and ways to control silver tarnish

6.Validated analytical methodologies for monitoring OCS, H 2 S and organic acids
	1.Comprehensive experiments should be performed to correlate environmental sensors reading to

actual condition of the artwork that is being monitored.

2.Recording technologies for whole field image acquisition should be developed to sequentially

record the artwork.

3.Long- term study of induced influences due to any treatment, transportation or handling to

standardize conservation practices in a universal way

4.Employment of laser systems for assessing and monitoring environmental influences on untreated

and/ or treated art objects

5.Tests on naturally exposed materials - Tests on materials exposed to artificial atmosphere in

climate chamber

6.Comparison between laser / optical and traditional strain gauges for monitoring of art objects

7.Phase Doppler anemometer for measuring particle deposition velocity and particle size

8.Assessment of dose of pollutants experienced by an artefact

Optical methodology to assess dose (based on artefact)

The function of display and storage cases
	1,Development of methodologies for continues monitoring of artworks under real environmental

conditions / cycles

2.Laser systems for assessing the environmental impact of conservation interventions, such as

consolidation and protection

3.Monitoring for the sake of “knowing what the concentrations are”
	1.Implementation of collaborative projects among laboratories with diverse structural diagnostic

techniques, environmental sensor developers and in close collaboration with art conservators

2.For environmental monitoring applications / measurements, collaboration between Institutes,

Companies and Museums

	
	
	
	


Annex 3.4

Typical (UK) Indoors and Outdoors Levels & Recommended Maximum Exposure Levels (RMEL)

	
	Concentration in parts per billion (ppb)

	Pollutant Species
	Outdoor
	Indoor
	Enclosed

(showcase)
	RMEL

	Sulphur dioxide

       (SO2)
	3 - 20 
	0 - 15 
	    nil


	   nila

< 4 b

	Nitrogen dioxide

      (NO2)
	10 - 40 
	1- 20
	    nil
	  nila

< 5b

	Ozone

  (O3)
	5 - 25
	0 – 10
	     nil
	< 13a

  nilb

	Hydrogen sulphide (H2 S)
	0.1 – 0.8
	0 – 0.5
	0 – 0.7 c
	    ?

	Carbonyl sulphide (COS)
	0 – 0.5
	0 – 0.5
	0 – 0.5 c
	   ?

	Formaldehyde

   (HCHO)
	    nil
	< 30
	100 – 1000 c
	   ?

	Formic acid           (HCOOH)
	    nil
	< 30
	100 – 1000 c
	   ?

	Airborne particulate
	20 – 30 (g.m-3
	20 – 100

(g.m-3
	       nil
	   ?


a – paper/parchment environment

b – general museum environment

c – possible internal sources
Annex 3.5

Critical Review : Conventional Monitoring Technologies – Simon Watts

Annex 3.6

State-o- the-Art of Optical Diagnostic technologies – Anna Mignani

Annex 3.7

Comparison between Existing Air Quality Measurement Technologies

	

	Characteristics
	MMOS 
	MOS
(Sn02)
	Colormetric 
	Pelistor 
	Infrared 

	Stability
	Good
	Good
	Poor
	Good
	Excellent

	Lifetime
	5 years+
	5 years +
	2 years
	5 years + 
	5 years +


	Costs
	Low cost
	Low cost
	Medium
	Medium
	Very high

	Size
	Small
	Small
	Small
	Small
	Large

	Resolution

	Good ± 5%
	Poor ± 20%
	poor ± 33%
	Poor ± 33%
	Excellent ± 1%

	Accuracy and repeatability
	Good
	Poor
	Poor
	Poor
	Excellent

	Temperature stability
	Excellent
	Good
	Poor 

	Excellent
	Excellent

	Humidity Stability
	good
	Poor
	Poor
	Good
	Excellent

	Interferent gas resistance
	Good
	Poor
	Very Poor
	Very Poor
	Excellent

	Zero drift
	Excellent
	Poor
	Poor
	Poor
	Excellent

	Set up time
	5 - 30 minutes
	2 - 5 days 
	5 minutes
	5 minutes
	30 minutes

	Detection range
	1 ppm - 100%
	10 ppm - 100%
	50 ppm - 10,000 ppm (
	10 ppm - 100%
	1 ppm - 100%

	Speed of response
	Fast
	Fast
	Slow
	Fast
	Fast

	Likely failure modes
	None

	Poisoning 
	False alarm
	Poisoning

	Light source fail



Annex 3.8

Outlook and Plan of action for R&D - Rea Drakou

Well known deteriorating factors for the works of art, are the rapid changes of temperature and relative humidity, strong lighting levels (natural or artificial), the growth of micro-organisms and also the deposition of several pollutants on works of art (Thomson G. 1978; Camuffo 1998). It is now recognized that it is essential to monitor and control the atmospheric quality both at the indoor and outdoor environment, where cultural properties are exposed, in order to elongate their lifetime and aesthetic value, and to investigate the interaction of the several factors affecting them (E.C. Research Workshop, 1995).

An expert to be able to propose cost-effective strategies to achieve the favorable environmental conditions in the place where an artefact is exposed, he needs modern tools to fully investigate all the factors affecting the object either found outdoors or indoors. A complete environmental monitoring program, for example for a museum (indoors) or for a monument (outdoors), has to include the following measurements:   

1. Temperature, relative humidity, air flow near the surfaces: 

Temperature and relative humidity have to be recorded on the surfaces of the artefacts and also in the air in the vicinity of the object. These data will show the temperature and relative humidity variations on the surface of the objects and will be used to investigate the causes for these variations. Also, these data will be used to track the air movement from the air to the surfaces or vice versa. Air flow near the surfaces of a work of art is a crucial factor for atmospheric species deposition on the surfaces, affecting also the temperature and the humidity of the object.

These data until now were obtained by convectional electronic sensors. A new laser-based monitoring system could be developed to measure simultaneously temperature, relative humidity and the wind field near surfaces. LDA is a method which can investigate the wind field near surfaces, but it is not developed to be applied in real environmental conditions.

2. Air pollutants, such us O3, NOx, CO2 etc. 

Indoor or outdoor measurements, or both in case of an indoor air quality study, of some key air pollutants are essential, not only because most of them  have adverse effects on works of art. These data may also indicate many other aspects of the problem. For example:

· O3 indoor/outdoor levels: the building characteristics, the existence of indoor hydrocarbon sources.

· NOx levels: the impact of the traffic.

· CO2 indoor/outdoor concentrations: the building’s air exchange rate and the indoor levels are related to microbial air contamination.
Convectional continuous analyzers could be compared with a laser-based monitoring system. The idea is to develop a system, like DOAS used outdoors, which can measure air pollutants based on light absorption. DOAS uses a Xenon lamp as light source. Perhaps could be modified to use a laser as light source and a cell where the air sample could be brought and examined, like in a Tunable Diode laser absorption spectrometer.

3. Airborne particulate matter: 

Measurements of the number concentration, size distribution and chemical composition of the suspended PM indoors and outdoors, at the vicinity of the artefacts. Particle number concentration is a parameter characterizing air quality in general terms and is related to the operating parameters of the ventilation and filtration systems of the building. 

Laser-based systems that are capable of detecting particles over a nominal size range of 0.09-3μm optical diameter or 0.05-47 μm, and classifying them, according to the amount of light scattered in the forward direction, into 32 size channels, exist in the market. But, as far we know, there are only experimental systems for the detection of the chemical composition of the particles, on line. 

4. Determination of atmospheric pollutant deposition velocities. 

This is a difficult task, especially for airborne particles, which deposition velocities are very small, in the range of 10-6 to 10-5 m/s, in the case of indoor vertical surfaces indoors.

The PDA is a promising method in the study of both particle size and the perpendicular to the surface particle velocity. 

5. The above measurements have to be accompanied by long-term monitoring of the chemical composition of the material of the surfaces of cultural objects, to assess the alteration of the composition throughout the year, in order to establish qualitative and quantitative links between the chemical composition of the material of cultural property and the environmental factors. The analytical measurements could be carried out with special instrumentation (LIBS, LIF etc)

.

6. To conclude R&D on environmental monitoring have to focus in: 

· The development of special sensors based on laser techniques as diagnostic tools for environmental monitoring. This development has to be based on comparisons of these systems with the conventional analytical methods used for the measurements of the concentrations of atmospheric pollutants and the other microclimate parameters, in situ.

· These laser sensors may have many environmental applications, for example in hospitals, schools, offices etc.

· Another aspect, is to conduct experiments in test chambers with a selected range of materials and controlled microclimatic conditions. These experiments could lead to investigate quantitative relationships between artefacts degradation and environmental parameters versus time and to lead the research in some key factors affecting the works of art.

