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Foreword     
 

The European Community cooperation network LabSTECH (Laboratories on Science 
and Technology for the conservation of the European Cultural Heritage) brings together eleven 
prestigious institutions, which all work in the field of science for conservation: 

the Italian Consortium for Science and Technology of Materials (Firenze, I);  
the Centre des Recherche et de Restauration des Musées de France (Paris, F); 
the Institut Royal du Patrimoine Artistique, KIK - IRPA (Bruxelles, B); 
the Scientific Department of the National Gallery of London (London, UK);  
the “Ormylia” Art Diagnosis Centre (Ormylia, Gr);  
the Opificio delle Pietre Dure (Firenze, I);  
the Bayerische Landesamt fur Denkmalpflege (Munchen, D);  
the Istituto Centrale per il Restauro (Roma, I);  
the Laboratorio Nacional de Engenharia Civil (Lisboa, P);  
the Intergovernamental Organization ICCROM (Roma),  
and, as extra-European partner, the Getty Conservation Institute (Los Angeles, USA). 
  

Within the network, the participating institutions are called to develop joint activities 
(rational use of European resources, materials and methods in conservation, data archiving, 
etc.) with the final goal to: 
• promote access to the most advanced European facilities and know-how; 
• foster exchange of know-how and operators; 
• discuss and propose standards; 
• spread good practices in conservation; 
• diffuse the highest level of research. 

All these activities are carried out to strengthen the efforts for the development of new 
applications and services in the field, but also to offer new opportunities to identify European 
research needs, which could then be prioritized and implemented. 

     It has been during the development of the LabSTECH activities that it is emerged the 
necessity to dedicate particular attention to the discussions on analytical studies of organic 
substances in artworks. The need was originated by the observation that a large number of 
different organic materials were used in artwork manufacturing and the methods used for 
their identification are often substantially different in the various laboratories. At first, a 
European survey has been carried out by the “Ormylia” Art Diagnosis Centre on the more 
frequently used analytical methodologies for binding media identification. Then, the 
discussions on advantages and limits of the various methods led to the idea of a workshop, 
where the opportunity would be offered to experts to debate the details of sampling and 
analytical problems.  

This booklet is a report on the workshop that was held in Amsterdam from March 26th 
to 28th 2003, perfectly organized by the “Ormylia” Art Diagnosis Centre with the cooperation 
of the Netherlands Institute for Cultural Heritage (ICN) and Getty Conservation Institute (GCI). 
The workshop was preceded by an interesting course on binding media identification, held by 
GCI and ICN. We are confident that the discussion on current status of studies on binding 
media identification, and more in general on organic substances in artworks, will be helpful 
for a substantial development of science for conservation, but also helpful for a more 
effective and scientifically–based European cultural heritage preservation.  

 
Prof. B.G.Brunetti 

LabSTECH Network Coordinator  
 INSTM - University  of Perugia 
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Preface     

 
The idea of organizing the Workshop on Binding Media Identification in art objects 

originated from the findings of the Survey on Binding Media Identification that was 
conducted within the framework of the LabSTECH EU project (http://www.chm.unipg.it/ 
chimgen/LabS-TECH.html). The main goal of the Survey was to investigate the methodo-
logies/strategies (including sampling, instrumental analysis, data treatment and inter-
pretation), which are nowadays used for the identification of binding media.       

The Survey demonstrated that there is a diversity of analytical approaches applied to  
the identification of binding media in art objects and that in some cases the identification is 
not straightforward. As a consequence, it was decided to organize a workshop where the 
scientists involved in such analyses could demonstrate and share their experiences and 
discuss their problems. This intention coincided with the proposal by the ICN and Getty 
Conservation Institute to offer a training course on binding media identification. And it was 
entirely natural to combine these two events into one joint workshop with two related parts: 
the training course and the discussion meeting. The idea of organizing such a workshop was 
eagerly supported by the conservator scientists and finally thirty-six researchers from twenty 
institutions in ten European countries and USA took part in the workshop.  

Here we present the abstracts of the presentations given at the discussion meeting. 
As it can be seen from the abstracts, the participants presented the methodologies applied 
at their institutions and discussed new approaches for sampling, analysis and data 
treatment. The resulting discussions allowed participants to compare different methodo-
logies/strategies and estimate their advantages and limits. Troubleshooting and the 
problems encountered during analysis were also discussed. Particular emphasis was given 
to the crucial question of the reliability of the applied analytical procedures and the 
comparability of the final results. 

 Unfortunately we failed to involve, as it was originally intended, art historians and 
conservators, the “final users” of the analytical results. We believe that they could formulate 
new objectives or questions, which could be tackled with the instrumentation now available.  
We hope that such discussions can take place at a future workshop, once we have agreed 
to organize workshops on a more regular basis.  

 One of the important outcomes of the workshop was the formation of the Users’ 
Group for Mass Spectrometry and Chromatography (MaSC). The main objectives of MaSC 
are listed in the attached announcement of the formation of the users’ group (page 34).          

 The main conclusion of the workshop was that the efficiency and comparability of 
binding media identification could be improved by the adoption of common reference 
standards and standard protocols in accordance with the generally accepted rules of Good 
Laboratory Practice. The reliability of the analysis could also be assured by the 
implementation of quality monitoring programs, which could be realized through joint 
European research projects.       

 In conclusion, on behalf of organizing committee, we wish to thank Dr Alberto de 
Tagle and Prof. J. Boon for their help in the organization of the meeting and preparing the 
scientific program. 

  

From the organizing committee, 

Andreas Tsakalof (OADC) 
Sophia Sotiropoulou (OADC) 
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Program     
  

Training course (24 - 26 March 2003) 
Michael Schilling (GCI),  
Henk van Keulen (ICN) 
Klaas Jan van den Berg (ICN) 

  
Monday 24 March 2003 
9:00 a.m. Welcome 
9:30 a.m. Opening of the course 

Morning – afternoon session 
 
Tuesday 25 March 2003 

Morning – afternoon session 
 
Wednesday 26 March 2003 

Morning session 
 

Discussion meeting (26 - 28 March 2003) 
Wednesday 26 March 2003 

Afternoon session 
Welcome 

 M. Schilling – GCI (USA), K. J. Van den Berg – ICN (Netherlands)  
Review of the training course 

 Sophia Sotiropoulou , Andreas Tsakalof  - OADC (Greece)  
Results of the LabSTECH Survey on binding media analysis 

Discussion 
 
 

Thursday 27 March 2003 
Morning session 

• New approaches for sampling and analysis, new criteria for binding media identification 
• SAMPLING 

 Jan Wouters - IRPA (Belgium) 
Micro drilling sampling method of multilayer objects: possibilities and limitations 

 Maria-Perla Colombini – University of Pisa (Italy) 
A novel approach for high selective micro-sampling of organic painting materials by Er-
YAG laser ablation 
 

• ANALYSIS 
 Jaap Boon – Amolf (Netherlands) 

Direct mass spectrometry of paint materials and samples from paintings and polychrome 
sculpture 

 Jan Wouters/Steven Staverwyns - IRPA (Belgium)  
Calibrated amino acid analysis by HPLC-FLUO at the sub-microgram of protein level. 

 Katrien Keune - Amolf (Netherlands) 
The imaging SIMS technique as tool to study pigment, binding media and metal soap 
distribution in paint cross sections from oil paintings. 
 

• DATA TREATMENT 
 Francesca Modugno – University of Pisa (Italy)  

Chemometric iussues: multivariate methods applied to the evaluation of amino acid 
profile data of proteinaceous binders. 

Discussion 
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Afternoon session 
• Formulation of the analytical objectives.  

 Giancarlo Lanterna – OPD (Italy) 
A possible protocol for analysis of organic materials in paintings. The OPD experience 

 M. Colombini / Ilaria Bonaduce  – University of Pisa (Italy) 
Reliability of analytical procedures for the simultaneous identification of different organic 
media in micro-samples from artworks.  

 
• Interpretation of results; criteria for acceptability and comparability of results. 

 Ursula Baumer – Doerner Institut (Germany) 
Binding media analyses at the Doerner-Institute: some examples 

 Ken Sutherland - PMA (USA) 
Issues in the quantitative GC analysis of fatty acids for binding medium identification  

 Catherine Higgitt –  NGL (UK) 
Pigment-medium interactions and pigment interference: Effects on interpretation of 
binding medium analysis  

Discussion 
 

Friday 28 March 2003 
Morning session 

• Establishment of a (GC)MS spectral  database for binding media investigations in cultural heritage 
materials  

 Alberto de Tagle and Klaas Jan Van den Berg – ICN (Netherlands) 
Discussion 

 
Afternoon session 

• Closing remarks 
17:00 p.m.: Closure of the Workshop  
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Participating institutions 
 
 
 Institution Country 
1 Interuniversity Consortium on Science and Technology of Materials - INSTM Italy 
2 Opificio delle Pietre Dure  - OPD Italy 
3 University of Pisa, Chemistry Deapartment Italy 
4 University of Torino, Department of Chemistry IFM Italy 
5 National Gallery of London - NGL - Scientific Department  UK 
6 Tate Britain - Conservation Science Department  UK 
7 The British Museum - Department of Scientific Research UK 
8 Centre de Recherche et de Restauration des Musées de France - C2RMF  France 
9 Laboratoire de Recherche des Monuments Historiques - LRMH France 
10 Institut Royal du Patrimoine Artistique  - KIK IRPA Belgium 
11 Doerner Institut Germany 
12 “ORMYLIA” Art Diagnosis Centre Greece 
13 Netherlands Institute for Cultural Heritage - ICN Netherlands 
14 FOM - AMOLF Netherlands 
15 The National Museum of Denmark - Department of Conservation Denmark 
16 Akademie der Bildenden Künste Austria 
17 Kunsthistorisches Museum mit MVK und OTM Austria 
18 Getty Conservation Institute - GCI USA 
19 Philadelphia Museum of Art - Conservation Department USA 
20 National Gallery of Art - Washington - Scientific Research Department USA 
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Organising Committee 
 
  
Klaas Jan van den Berg 
Netherlands Institute for Cultural Heritage  
e-mail: klaas.jan.vd.berg@icn.nl 
 
Michael Schilling 
Getty Conservation Institute, USA  
e-mail: mschilling@getty.edu 
 
Andreas Tsakalof 
“Ormylia” ArtDiagnosis Centre, Greece   
e-mail: diagnostiko@hal.forthnet.gr 
            a.tsakal@hovernet.gr 
 
Sophia Sotiropoulou 
“Ormylia” ArtDiagnosis Centre, Greece   
e-mail: diagnostiko@hal.forthnet.gr 

     sophiaso@hovernet.gr
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Training Course 
  

  

M. Schilling  

The Getty Conservation Institute  
1200 Getty Center Drive, Suite 700  
Los Angeles, CA 90049-1684, USA 
e-mail: mschilling@getty.edu  

   

  

K.J. van den Berg and Henk van Keulen 
Instituut Collectie Nederland 
Gabriël Metsustraat 8, Postbus 76709,  
1070 KA Amsterdam, The Netherlands 
e-mail: klaas.jan.vd.berg@icn.nl, 
                        henk.van.keulen@icn.nl  

  

  
 
A Workshop/training course on the quantitative analysis of proteins, oils and carbohydrates 
by GC/MS has been organised and conducted by M. Schilling (The Getty Conservation 
Institute, USA), K.J. van den Berg and H. van Keulen (Netherlands Institute of Cultural 
Heritage).  
 
The participants have been in detail acquainted with the methodologies used at GCI and 
ICN and have been given the opportunity to compare them with the methodologies used at 
their own institution through open discussion. All important steps including sample 
preparation, control and avoidance of contamination, software handling/ programming, GC 
setup, MS possibilities, have been presented and discussed with the participants in detail. 
In addition, possibilities for analysis of binding media (resins, oils, waxes, proteins etc.) with 
GCMS and Py-GCMS using in situ thermally assisted transesterification and methylation 
using quaternary ammonium salts (TMAH, MethPrep etc.) have been presented and 
discussed.  
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Discussion meeting 
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BBiinnddiinngg  mmeeddiiaa  iiddeennttiiffiiccaattiioonn  iinn  aarrtt  oobbjjeeccttss::  tthhee  ssttaattee  ooff  aarrtt  
iinn  EEuurrooppee..  RReessuullttss  ooff  aann  iinntteerrnnaattiioonnaall  ssuurrvveeyy  iinn  tthhee  
ffrraammeewwoorrkk  ooff  LLaabbSSTTEECCHH  NNeettwwoorrkk..    
 
Sotiropoulou S., Tsakalof A.K.  

 

 
 

“Ormylia” Art Diagnosis Center,  
Sacred Convent of Annunciation,  
63071 Ormylia-Chalkidiki,  
GREECE 
e-mail: diagnostiko@hal.forthnet.gr  

 
 

The identification of binding media used in paintings for pigments dispersion and fixation 
gives valuable information, which contributes substantially to the conclusions about the 
painting techniques applied. As it can be anticipated, this information is important both for 
art historians and conservators. But, even today, the process of identification is not 
straightforward and different approaches have been developed in different laboratories.  

In the framework of the EU Infrastructure Cooperation Network program “Laboratories on 
Science and Technology for the conservation of European Cultural Heritage “ (LabSTECH) a 
review of techniques and strategies used for the characterization of binding media has been 
endeavoured. The review comprises the experiences of the internationally distinguished 
European laboratories working in the field of scientific and technological applications to the 
study of cultural heritage and covers all the main steps of the analysis from sampling to the 
eventual treatment of the analytical results. The review is based on the questionnaire 
elaborated at the “Ormylia” Art Diagnosis Centre (Greece), which was disseminated between 
the participating laboratories. The questionnaire covered wide range of the details of the 
protein and lipid binding media analysis, including sampling, sample preparation, details of 
instrumental analysis, analytical data extracted from the analysis and ways of these data 
treatment. Except of the pure analytical aspects, the questions clarifying laboratory/group 
organization and profile were formulated (personnel, participation in EU projects and 
fundamental research, number of analysis per year and analysis price policy etc.). The 
laboratory profile information can be valuable for the development of interlaboratory 
cooperation in the field of binding media analysis in accordance with the main goals of LabS 
TECH program. 

According to the survey results a number of chromatography-based techniques are currently 
applied to the binding media identification and namely GC, GC-MS, Py-GC-MS, DTMS, HPLC. 
These techniques differ in their detection limits and correspondingly in the amount of 
sample required for the analysis. They also demand different sample preparation 
procedures and vary in the final information volume provided, analysis time and price.  

The survey results also revealed that even today the binding media analysis is not so much 
straightforward as soon as relatively small percentage of respondents claimed that they are 
entirely satisfied with the reliability of method applied. The review of the survey results gives 
a critical insight on the methods used for binding media identification. 
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NNeeww  aapppprrooaacchheess  ffoorr  ssaammpplliinngg  aanndd  aannaallyyssiiss,,  
nneeww  ccrriitteerriiaa  ffoorr  bbiinnddiinngg  mmeeddiiaa  iiddeennttiiffiiccaattiioonn..  

 
 

SSAAMMPPLLIINNGG  
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AA  mmiiccrrooddrriilllliinngg  ssaammpplliinngg  mmeetthhoodd  ffoorr  mmuullttiillaayyeerr  oobbjjeeccttss::  
ppoossssiibbiilliittiieess  aanndd  lliimmiittaattiioonnss..  
 

Jan Wouters*, Marina Van Bos and Steven Saverwyns 

 

 

Royal Institute for Cultural Heritage – (KIK- IRPA) 
Laboratory for Materials and Techniques 
Jubelpark 1, B-1000 Brussels, Belgium 
*e-mail:  jan.wouters@kikirpa.be 

 

 

A method was developed for the microsampling of sheet-like materials by microdrilling and 
for the embedding of these microsamples in polyester resin. From one embedded 
microcylinder with a diameter of 0.21 mm could be prepared by microtomy several nearly 
equivalent samples as 5 or 10 µm thin sections. According to the direction of sectioning 
could be prepared cross-sections, to study the stratigraphic structure of samples and 
parallel sections, to isolate one or more specific layers from a multi-layered structure.  

This way of sampling offers several advantages over more accidental ways of sample 
removal, e.g. at the damaged edge of a gap or tear. Microdrilling is highly specific area and 
can be executed at a predetermined spot on, e.g. an ink line or in a small painted area. It 
causes little damage, even in undegraded zones. The size, the structure and, hence, the 
way the microsample has to be manipulated and prepared for subsequent analyses is 
standardised and known to a large extent. This contributes to ease of interpretation and  to 
sample recovery. It also contributes to a restriction of sample consumption because a 
microdrilled cylinder represents the complete stratigraphy in one single sample. Also the 
generation of a series of sub-samples from one single cylinder and the application of 
various analytical techniques to each of them represent an advantageous flexibility. 

In general, good results were obtained with optical microscopic and SEM-EDX analyses of 
thin sections. FTIR analyses were not always successful. The polyester resin often disturbed 
mappings. On some occasions this could be overcome by lifting away a single grain from a 
thin section and pleating it between the windows of a diamond cell. Chromatographic 
analyses of binding media of paint, isolated by parallel sectioning of microcylinders occurred 
at a level close to the sensitivity threshold of classical chromatographic equipment (0.1 ppm 
per amino acid injected). With respect to amino acid analysis of proteinaceous binding 
media by HPLC could be obtained results which were statistically significant, after 
modification of the sample preparation procedure. Appropriate analyses of representative 
blanks must be executed together with each batch of unknowns, on a daily basis. HPLC 
analysis of organic dyes in paint lakes was only successful when a small amount of the 
paint was scraped away. However, by detecting aluminium and sulphur with SEM-EDX 
together with the observation of a transparent layer with the optical microscope, was good 
evidence for the presence of a glaze, containing the lake of alum with the organic dye. Also 
materials such as painted leather and paper, and even combinations of paper and 
parchment may be sampled and analysed following the same techniques.  

In one particular application, 0.7 mm drillings of paper were used to perform pH 
measurements of paper on a microscale (40 µg of paper extracted in 5 µl of water). This 
procedure was positively evaluated in terms of precision and accuracy when performed on 
acid and neutral papers. 
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Selected references: 

Leopold Puchinger and Herbert Stachelberger: A new microsampling technique for parchment, in 
Microanalysis of parchment, R. Larsen, Archetype publications, 2002, pp.3-8. 

Jan Wouters, Johan Claeys, Karijn Lamens and Marina Van Bos: Evaluation of methods for the 
microanalysis of materials added to parchment, ibib., pp. 13-30. 

Steven Saverwyns, Valérie Sizaire and Jan Wouters: The acidity of paper: evalution of methods to 
measure the pH of paper samples, ICOM-Committee for Conservation, 13th Triennial Meeting, Rio de 
Janeiro, 2002,  pp. 628-634. 
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AA  nnoovveell  aapppprrooaacchh  ffoorr  hhiigghh  sseelleeccttiivvee  mmiiccrroo--ssaammpplliinngg  ooff  
oorrggaanniicc  ppaaiinnttiinngg  mmaatteerriiaallss  bbyy  EErr::YYAAGG  llaasseerr  aabbllaattiioonn  
 

Maria Perla Colombini1*, Giancarlo Lanterna2, Alessia Andreotti1, Maria Rizzi2 

 

 
 

1Dipartimento di Chimica e Chimica Industriale – Università di Pisa, via 
Risorgimento 35, 56126 Pisa, Italy. 
2Laboratorio Scientifico dell’Opificio delle Pietre Dure, V.le Strozzi, 
Firenze, Italy. 
*e-mail: perla@dcci.unipi.it 

 
 

Very little in the field of conservation generates as much controversy as the cleaning of 
surfaces, particularly the cleaning of paintings. Recently, an Er:YAG laser has been 
introduced for the ablation of the surface layer of a polychrome, and it has been 
demonstrated that this procedure does not damage the underlying painting while the 
overpainting and varnish are removed efficiently.  This cleaning procedure also enables the 
ablate materials to be collected, thus avoiding having to sample large areas (around 1 mg in 
size) as is usually the case when identifying organic materials. 

This paper presents a new procedure for sampling micro amounts of organic material from a 
painting using the ER:YAG laser technique. Optimised conditions for laser ablation are 
described. The procedure has been tested by sampling pictorial models and analysing the 
ablate material collected on a glass by gas chromatography - mass spectrometry, IR 
spectroscopy and SEM analysis. The results show that the laser energy does not 
significantly degrade the ablate organic material collected and that it is still possible to 
identify the media contained in the painting such as proteinaceous materials (egg, animal 
glue, casein or milk), natural resins (mastic, sandarac, dammar), and drying oils both 
employed alone or mixed together. 

Finally, the most significant results of the laser sampling procedure are presented for the 
identification of organic matter in a wooden painting “Madonna in trono col Bambino” of the 
13th century and in an easel painting which is a copy of Caravaggio’s “Incoronazione di 
spine” of the 17th century.   
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DDiirreecctt  mmaassss  ssppeeccttrroommeettrryy  ((DDTTMMSS  aanndd  LLDDIIMMSS))  ooff  ppaaiinntt  
mmaatteerriiaallss  aanndd  ssaammpplleess  ffrroomm  ppaaiinnttiinnggss..  
 

Jaap J. Boon* 

 

MOLART Painting Studies Group, FOM Institute AMOLF, Kruislaan 407, 
1098 SJ Amsterdam, The Netherlands 
 *e-mail: boon@amolf.nl 

 

 

Minute samples from paintings can be analysed by various direct mass spectrometric 
techniques using DTMS, LDIMS, MALDIMS and SIMS.  

Direct temperature resolved MS (DTMS) is a microanalytical technique for analysis of paint 
samples by thermal separation and ionisation of volatile and polymeric fractions evolved 
from a platinum/rhodium filament inside the ionisation chamber of the mass spectrometer 
(here a JEOL SX120-102A BEBE instrument). It is used as a screening technique for the 
presence of waxes, natural resin varnishes, synthetic varnishes, natural and synthetic dyes, 
asphalt and kassel earth pigment, oils and prepolymerised oils, fresh and aged oil paint and 
tempera paint, protein glues and other lining materials. The appearance temperature of 
certain compounds and the corresponding mass spectrometric signature are used for the 
assignment of the composition of the painting samples. Experiments are usually performed 
under 16eV electron ionisation conditions (mass range 20-1000; cycle time 1 sec). 
DTMS/MS can be utilized to identify preselected mass peaks.  

Laser Desorption Ionisation MS is used for surface desorption of samples and for analysis 
of polymeric fractions. The ions are produced with a nitrogen laser (337 nm) as such or 
after application of a matrix material (DHB) that enhances ionisation. LDI of modern acrylic 
paints with synthetic pigments with strongly absorbing chromophores makes it possible to 
analyse these insoluble pigments selectively. Under these circumstances we also see some 
of the additives such as the polyethyleenglycols that are used as compatibility agents. A 
special feature of LDMS is its sequential spot analysis capability, which makes it possible to 
obtain data on the separate paint layers within one sample.  

The methodology is discussed and the potential of these techniques for analysis of painting 
materials and minute painting samples made with traditional and modern media is 
illustrated. 

 

Selected references: 
Boon, J., and G. van der Doelen (1999), Advances in the current understanding of aged dammar and 
mastic triterpenoid varnishes on the molecular level, paper presented at Firnis: Material - Ästhetik - 
Geschichte: Proceedings of the International Colloquium, Herzog-Anton-Ulrich Museum 
Braunschweig, 15-17 June 1998. Arbeitsgemeinschaft der Restoratoren, Stegen. 
Van den Berg, K. J., J. J. Boon, I. Pastorova, and L. F. M. Spetter (2000),   Mass spectrometric 
methodology for the analysis of highly oxidised diterpenoid acids in Old Master paintings, Journal of 
Mass Spectrometry, 35, 512-533. 
Boon, J. J., Tom Learner (2002),  Analytical mass spectrometry of artists' acrylic emulsion paints by 
direct temperature resolved mass spectrometry and laser desorption ionisation mass spectrometry, 
Journal of Analytical and Applied Pyrolysis, 64, 327-344. 
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CCaalliibbrraatteedd  aammiinnoo  aacciidd  aannaallyyssiiss  bbyy  HHPPLLCC--FFLLUUOO  aatt  tthhee  ssuubb--
mmiiccrrooggrraamm  ooff  pprrootteeiinn  lleevveell..  
 
Jan Wouters* and Karijn Lamens 

 

 

Royal Institute for Cultural Heritage – (KIK- IRPA) 
Laboratory for Materials and Techniques 
Jubelpark 1, B-1000 Brussels, Belgium 
*e-mail: jan.wouters@kikirpa.be 

 

 

A protein sample was put and eventually dried in a pyrolysed tube and hydrolysed in the gas 
phase of  6 N HCl and 1 % (v/v) of phenol, after several evacuations and purgings of the 
hydrolysis vessel with nitrogen. Hydrolysis occurred at 110°C for 20 hours. Residues were 
dissolved in 0,1 N HCl. Amino acid analyses were performed with the “Waters AccQ.Tag 
Amino Acid Analysis Method”, involving pre-column derivatisation, reversed-phase 
separation and fluorescence detection (ex 250 nm, em 395 nm) of individual amino acids.  

Calibration was performed with an amino acid standard solution of 50 pmol per amino acid. 
A blank involved all possible contaminations from labware, reagents and manipulations.  

Amino acid compositions were represented as mole% of individual amino acids. Amounts of 
proteins were calculated by summing up the amounts of individual amino acids, obtained 
after calibration. All data could be used to be expressed following other calculation methods 
such as weight %, nitrogen % or carbon %, or to calculate parameters for particular needs 
such as B/A (the ratio of molar fractions of basic over acid amino acids) or CF (collagen 
factor: the sum of the molar fractions of alanine, glycine, hydroxyproline and proline). 

The observation of over 400 analyses of standard mixtures, executed over a six-year period, 
allowed to calculate the error that must be associated with an HPLC-FLUO amino acid 
analysis result, due to sources of error such as the standard mixture itself and its dilution, 
external contaminations, the efficiency of hydrolysis and recovery of the residue, the 
derivatisation procedure, the reproducibility and accuracy of injection, the quality of 
separation, the integration algorithm and manual corrections of this integration result. It 
appeared that an error of 6 % should be taken into account for each amino acid. Hence, a 
calibrated result may display 8 to 9 % of error. This should be taken into account when 
using a statistical evaluation and matching procedure. 

This methodology was applied in the analysis of proteins present in different materials and 
structures of objects of art and culture such as binding media of paint, modifyers of artificial 
marble, textile fibres, leather, parchment and gelatin prepared from archaeological bone for 
radiocarbon dating purposes. It appeared that calibrated amino acid analysis are useful 
tools to identify the biological provenance of proteinaceous materials and to contribute to 
the damage assessment of objects using samples, the protein content of which may be as 
low as 1 microgram.   
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TThhee  iimmaaggiinngg  SSIIMMSS  tteecchhnniiqquuee  aass  ttooooll  ttoo  ssttuuddyy  ppiiggmmeenntt,,  
bbiinnddiinngg  mmeeddiiaa  aanndd  mmeettaall  ssooaapp  ddiissttrriibbuuttiioonn  iinn  ppaaiinntt  ccrroossss  
sseeccttiioonnss  ffrroomm  ooiill  ppaaiinnttiinnggss..  
 
Katrien Keune 

 

 

MOLART Painting Studies Group, FOM Institute AMOLF, Kruislaan 407, 
1098 SJ Amsterdam, The Netherlands 
 *e-mail: keune@amolf.nl 

 

 

 

Secondary Ion Mass Spectrometry (SIMS) is an analytical surface characterization technique 
that uses a high-energy ion beam to generate secondary ions of the analytes. Imaging SIMS 
of a paint cross-section gives the possibility to study the nature and the distribution of 
pigment and binding media components simultaneously in a single sample. The interaction 
between organic and inorganic compounds can be studied in this manner on a molecular 
level while keeping the spatial distribution.  

In my talk, a few examples of SIMS studies of paint cross sections will be presented. I will 
especially focus on the important chemical process of metal carboxylate (metal soap) 
formation, which takes place in oil paintings. Metal soaps are formed by reaction of metals 
originating from pigments and/or driers with free acid groups from fatty acids and diacids 
resulting from the aging oil paint.  Metal carboxylate bonds have a stabilizing function in the 
oil network of a painting where they form ionic polymer structures. In the mean time, we 
have found many examples where metal soaps aggregate to organic rich masses, undergo 
swelling and eventually protrude through the surface paint layers and varnish. To obtain a 
better understanding of the important factors that play a role in these aging processes, the 
distribution of elements, characteristic oil derived fragments and metal soaps in a paint 
layer is examined with imaging SIMS. The SIMS results will be supported with data from 
related microspectroscopic techniques such as Light Microscopy, Scanning Electron 
Microscopy with Energy Dispersive X-ray Spectroscopy and Imaging-Fourier Transform 
Infrared (FTIR). 
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DDaattaa  ttrreeaattmmeenntt  
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CChheemmoommeettrriicc  iissssuueess::  mmuullttiivvaarriiaattee  mmeetthhooddss  aapppplliieedd  ttoo  tthhee  
eevvaalluuaattiioonn  ooff  aammiinnoo  aacciidd  pprrooffiillee  ddaattaa  ooff  pprrootteeiinnaacceeoouuss  
bbiinnddeerrss..  
 

Maria Perla Colombini1, Francesca Modugno1*  

 

 
 

1Dipartimento di Chimica e Chimica Industriale – Università di Pisa, via 
Risorgimento 35, 56126 Pisa,  
Italy. 
*e-mail: frances@dcci.unipi.it 

 

 

Multivariate chemometric techniques of data handling are a precious tool to draw 
information from large sets of chemical data, in which many variables are associated to 
each studied object. Although in the field of conservation science they have not yet attained 
a diffusion comparable to other fields of analytical chemistry, a variety of chemometric 
approaches have been proved extremely useful in the study of cultural heritage, in 
particular to investigate the structure of tables of data (pattern recognition) and to assess 
the belonging of objects to specific groups by mean of classification models. 

The application of multivariate analysis on amino acid data relative to proteinaceous 
binders, collected by GC-MS analysis, are here discussed. In particular, the use of principal 
component analysis (PCA) to explore a data set of amino acid composition of reference 
paint layers and of samples from historical Italian paintings is illustrated. Moreover, the use 
of counterpropagation Kohonen artificial neural networks (Cp-ANN) as supervised method of 
pattern recognition is discussed. As an example, the construction of a classification model 
for the identification of proteinaceous adhesives from the supports of Italian panel paintings 
of the 12th-16th century is reported. 

 

 

 



24 

 
 
 
 
 
 
 
 
 

FFoorrmmuullaattiioonn  ooff  tthhee  aannaallyyttiiccaall  oobbjjeeccttiivveess..  
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AA  ppoossssiibbllee  pprroottooccooll  ffoorr  aannaallyyssiiss  ooff  oorrggaanniicc  mmaatteerriiaallss  iinn  
ppaaiinnttiinnggss..  TThhee  OOPPDD  eexxppeerriieennccee..  

 

Giancarlo Lanterna 

 

  

 
Opificio delle Pietre Dure e Laboratori di Restauro 

Laboratorio di Chimica 
viale Filippo Strozzi, 1, 50129 – Firenze,  
Italy.  
e-mail: giancarlo.lanterna@tiscali.it  

 

 

Sampling, and specially sampling organic materials in polychrome artworks, is a very critical 
step of an entire analytical project. Depending on taken materials, the answer of 
instrumental analyses could be completely misinterpreted. Many factors occur getting more 
complex the care in sampling. Often the history of a painting or polychrome artwork, also 
collected by long time in museum, is not well known. The following cases are the most 
frequent, alone or the whole lot. 

1) History of previous restorations 

In many cases the artwork life was troubled and suffered various intervention, hard or soft. 
In any case many external materials of organic nature could be in contact and mixed with 
the original ones. Interventions made to safe the paint layer crack and fall, made by wax 
and resins. Relining or operations of painting transfer on other support could affect the 
purity of organic binders, mediums and adhesives. It is absolutely necessary to have a 
precise idea on the ancient works of restoration, by an historical research, that helps both 
the restorer and the scientist to point the sampling area. 

2) Technical operations 

In the normal restoration operations of polychromes, generally are necessary several steps 
of technological intervention. An example could be the "facing" of painted surface for 
transportation or safety. In many cases, also the usual operation done by the restorers 
applying on the surface mould solvents, as white spirit, contributes to move and lead some 
fragments of organic materials displaced from their position and remixed in closest layers. 

3) Particular complexity of paint layers 

Many great past masters of painting were owners of a huge skill and painting technique, so 
it is necessary and advisable to know the layering and the thickness (or, better, the 
sharpness) of layers in order to avoid any oversampling that could confuse the 
interpretation of results. 

4) Ageing and lack of homogeneity for the paint layers 

Ageing and alteration (loss of natural plasticizers, shrinking of surface and cracks) could 
introduce materials from the surface to inside the layers. In that way any small addition of 
products could penetrate into the surface through the layers. In many cases the change in 
the physical properties of the organic materials (generally the trend is towards a 
mineralization) transform the sampling in a step with minor control on the selectivity. Often 
it is impossible to separate the upper and lower layers by scraping gently with scalpel. 
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5) Materials reactivity and interactions 

In some cases, binders could react directly with pigments when occurs any change in the 
environment parameters, like moisture, light, temperature. On the other hand, it is not 
unlikely that in ancient intervention of hard cleaning the paint layers could been in contact 
with strongly acid or alkaline means. In both cases, the medium could be deep transformed 
or denatured. (case of smalt and copper pigments in alkali) 

6) Samples care and storage 

In recent studies carried out together with Getty Conservation Institute, I remember the 
surprise when we found polypropylene in a sample of Coppo di Marcovaldo varnishes. The 
pollutant polymer comes from the border of (naturally!) polypropylene sample holder, when 
the restorers tapped with scalpel on the border to put in the dusty sample. In that case it is 
enough to warn the samplers of this possibility. 

7) Materials removal 

In case of superficial layers removal (i.e. a varnish), restorers get off grams of material using 
specific means (solvents, reactants etc.). If we prepare a set of pure or conditioned 
materials, like glass rods, cotton, solvents etc, and restorers keep care not to contaminate 
the samples, we will be able to collect a large amount of material that could be 
characterised by analytical methods. Knowing the residual of materials used for the 
removal, it is possible to interpret the analytical results. 

 

In addition, an important help could be received by applying non invasive techniques 
(special photographic techniques, RX, UV, IR reflectography, XRF and so on) before any 
sampling, in order to be able to choose the right spot where collecting materials. 

In any case, following the experience acquired in those years, a possible protocol for the 
characterisation could be the following: 

a) Knowledge as broad as possible of the events that the art object suffered 
(movement, change of destination, theft, disaster etc) 

b) Deep knowledge of the past restorations and conservation events (in case also 
knowledge of materials and techniques employed) 

c) Precise history of the recent conservative treatments (facing, relining, colour 
consolidation) and positioning of them 

d) Knowledge of materials used for maintenance or restoration and positioning of 
areas on the surface. 

e) Cross reference of non invasive data 
f) Knowledge at least of a cross section concerning the sampling area 
g) Use of appropriate sampling tools and equipment 
h) Use of the appropriate sample holders and storage conditions 
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RReelliiaabbiilliittyy  ooff  aannaallyyttiiccaall  pprroocceedduurreess  ffoorr  tthhee  ssiimmuullttaanneeoouuss  
iiddeennttiiffiiccaattiioonn  ooff  ddiiffffeerreenntt  oorrggaanniicc  mmeeddiiaa  iinn  mmiiccrroo--ssaammpplleess  
ffrroomm  aarrttwwoorrkkss  
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1Dipartimento di Chimica e Chimica Industriale – Università di Pisa, via 
Risorgimento 35, 56126 Pisa,  
Italy. 
*e-mail: perla@dcci.unipi.it 

 

 

The characterisation of organic media in micro-samples from artworks entails to solve 
important analytical problems mainly related to the heterogeneity of the occurring matter. 
The need to identify both natural and synthetic organic materials in micro-samples requires 
the use of pyrolysis techniques coupled to GC-MS analysis. However, due to the generally 
complex relationship between original compounds and their pyrolysis products, interaction 
between pyrolysis products of materials present in mixture, and possible interferences 
caused by inorganic materials, the further use of traditional GC-MS techniques seems still 
amenable. In fact, these techniques, despite labour consuming sample pre-treatment is 
usually required with risks of sample loss and contamination, provide information both on 
natural material composition and degradation products.     

This lecture presents a protocol for a reliable identification of organic materials in micro-
samples taken from artworks. This protocol entails the application of two analytical 
procedures on different aliquots of the same micro-sample, one based on Pyrolysis-
silylation-GC/MS and the other on GC/MS technique. The use of both methods allows the 
recognition of markers and the quantification of some significant compounds that can be 
used for the identification of materials in samples. Moreover, it enables the study of 
degradation mechanisms experienced by each class of organic materials, that is useful for 
the evaluation of the state of conservation of an artwork. Testing and validation of analytical 
procedures together with associated problems in the characterisation of materials are 
discussed. Case studies relative to the diagnosis of samples from old artworks are critically 
presented. 
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IInntteerrpprreettaattiioonn  ooff  rreessuullttss;;  ccrriitteerriiaa  ffoorr  
aacccceeppttaabbiilliittyy  aanndd  ccoommppaarraabbiilliittyy  ooff  rreessuullttss..  
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BBiinnddiinngg  mmeeddiiaa  aannaallyysseess  aatt  tthhee  DDooeerrnneerr--IInnssttiittuuttee::  ssoommee  
eexxaammpplleess  
 
Ursula Baumer* and Johann Koller  

 
Doerner Institut of the Bayerischen Staatsgemäldesammlungen (Germany) 
Barerstr. 29 
D – 80799 Munich 
*e-mail: baumer.u@doerner-institut.de 

 

 

 

‘Doerner-Institut’  

The Doerner-Institute belongs to the Bayerische Staatsgemäldesammlungen. This is a 
governmental painting collection comprising three great museums in Munich (Alte 
Pinakothek, Neue Pinakothek and Pinakothek der Moderne) and several smaller museums 
in Bavaria (~ 30.000 works of art). Beside a department with curators for all periods of art, 
a laboratory and a conservation section are enclosed to the Bayerische Staats 
gemäldesammlungen. These two sections are nowadays called ‘Doerner-Institut’. 

 

Analysis Methods 

So-called ‘non-destructive’ methods – without harming the works of art – like microscopy, X-
ray-photographs, IR-reflectograpy and computer-aided image-processing are preferably 
applied in our institute. However, in many cases it is inevitable to take samples for analysis 
to determine pigments and binding materials. Pigment analyses are usually done with 
scanning electron microscopy, with energy-dispersive X-ray microanalysis (SEM/EDX) and X-
ray diffractometry. Binding media analyses are conducted basically with gas 
chromatography and gas chromatography combined with mass spectrometry. Further 
informations are available by Fourier Transform Infrared Spectroscopy (FTIR) and Amino 
Acid Analysis (AAA). 

 

Binding media analysis 

Binding media analyses are applied to several fields of research. The focal point in this 
review is – due to the large painting collections in the Munich museums – the investigation 
of varnishes, binding media and painting media of paintings.  

Mechanically removed samples for binding media analyses are subjected to a step-by-step 
extraction. Figure 1 shows a scheme of all possible extraction stages. In practice, however, 
several focal points have evolved from this general procedure. They are closely related to 
the type of sample and vary slightly. 

The extracted components are mainly analysed by GC or GC/MS. For certain applications – 
first of all in ground layers and tempera paintings, a further analysis method has been 
established (AAA).  
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Fig. 1: Extraction scheme for binding media analysis  
 
 

Basic rules 

Beside this another point has to be stressed. Our analyses are strongly based on old recipes 
and sources. Whenever we get analytical results differing from these historical sources, we 
do not turn the old reports into ridicule but look for a modification of our analysis and 
authentic reference material. For example, heat bodied oils, as frequently presented in 
English literature were never used in historical paintings. Boiled oils which often are 
confused with heat bodied oils were applied on paintings. Bodied oils played an important 
role in 19th and early 20th century technical varnishes (stand oils, oil varnishes). Attempts of 
paint manufacturer in the 20th century to introduce these bodied oils into tube paints met 
with a wretched end. 

 

Examples 

Typical examples from paintings in the Munich collection (Tintoretto and Dürer) are 
elucidating the practical way of binding media analysis: 

Jacopo Tintoretto – ‘Prestezza art’ of the 16th century with severe problems 

Jacopo Tintoretto's Gonzaga Cycle, a group of eight paintings, showing the rise of the ruling 
family of Mantua. Created between 1578 and 1580 it was once part of an elaborate 
program of decoration devoted to the history of the Gonzaga family in the Palazzo Ducale in 
Mantua and is now on display in the Alte Pinakothek in Munich. 

Albrecht Dürer – Analysis and conservation work after an acid attack 

The Munich collection of paintings by Dürer, a German painter from 1471-1528, is the 
largest in the world. On April 21st 1988 five Dürer panels were severely damaged by an acid 
attack in the Alte Pinakothek.  
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IIssssuueess  iinn  tthhee  qquuaannttiittaattiivvee  GGCC  aannaallyyssiiss  ooff  ffaattttyy  aacciiddss  ffoorr  
bbiinnddiinngg  mmeeddiiuumm  iiddeennttiiffiiccaattiioonn  
 
Ken Sutherland 

 

 

Philadelphia Museum of Art - Conservation Department 
BOX 7646, Philadelphia PA 19101, USA 
e-mail: ksutherland@philadelphiamuseum.org 

 

 
 

The use of fatty acid ratios from GC analysis to distinguish oil types is one of the few widely 
adopted quantitative procedures for the characterisation of organic materials in artworks. 
On the basis of the relative proportions of several fatty acids (primarily palmitic, stearic and 
azelaic acids) distinctions can often be made between drying and non-drying oil (e.g. egg vs. 
linseed oil); different types of drying oil (e.g. linseed vs. walnut); or oils that have undergone 
different pretreatments (i.e. heat bodied vs. “cold pressed” oils). Despite the widespread 
acceptance of such interpretations, there is a relative dearth of published reference data, 
and diagnoses are often necessarily subjective, relying on the analyst’s own experiences. 
Interpretations are often based on one or two analyses, with opportunities for more 
statistically reliable treatments using larger numbers of samples limited. This is particularly 
a problem when dealing with samples consisting of multiple layers/mixed media, or when 
contamination is a potential problem. Measurements of fatty acid ratios are also subject to 
variability, dependent on factors such as sample preparation methods, instrument response 
and quantitation procedures. A greater degree of standardisation of analytical and 
quantitation procedures, and the compilation of reference data from a wider range of known 
samples, would be valuable. 
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PPiiggmmeenntt--mmeeddiiuumm  iinntteerraaccttiioonnss  aanndd  ppiiggmmeenntt  iinntteerrffeerreennccee::  
EEffffeeccttss  oonn  iinntteerrpprreettaattiioonn  ooff  bbiinnddiinngg  mmeeddiiuumm  aannaallyyssiiss    
 
Catherine Higgitt 

 

  

National Gallery Scientific Department 
Trafalgar Square, WC2N 5DN, London, United Kingdom 
e-mail: catherine.higgitt@ng-london.org.uk 
  

  
 

The presence of metal-ion containing pigments in samples for binding medium analysis can 
affect the results obtained in a number of ways. For example, the presence of metal ions in 
protein-containing samples can both interfere with amino acid recovery and with the 
derivatisation procedure, potentially affecting the interpretation of analytical results. The 
presence of different pigments in drying oils is also known to influence the precise fatty acid 
profile obtained – iron salts lead to high levels of oxidative degradation products, copper 
salts seem to stabilize unsaturated species and inhibit degradation. A very clear illustration 
of the problem comes from oil paints containing pigments where lead carboxylate formation 
is possible – GC analysis of such films often shows lowered azelate levels despite the 
absence of any proteinaceous material in the sample (by IR).  

 

I propose to lead a discussion based on the ideas listed above, perhaps tackling the 
following questions: 

 

• How widespread are these types of problem? 

• Do people have other examples? 

• Does it depend on the analytical technique (derivatisation procedure, type of 
instrumentation – HPLC/GC/py/etc)?  

• Is it necessary before any analysis (from staining tests to the latest hyphenated 
technique) to know what pigments are present to fully understand the results? Can you 
look at the binding medium in isolation? 

• Is it clear what components you are actually seeing by your chosen analytical procedure 
– with oils, do you see all fatty acids present or do you (or can you chose to) 
discriminate between free fatty acids, triglycerides, carboxylates, mono- or 
dicarboxylics? 
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EEssttaabblliisshhmmeenntt  ooff  aa  ((GGCC))MMSS  ssppeeccttrraall    ddaattaabbaassee  ffoorr  bbiinnddiinngg  
mmeeddiiaa  iinnvveessttiiggaattiioonnss  iinn  ccuullttuurraall  hheerriittaaggee  mmaatteerriiaallss    
 
Alberto de Tagle and Klaas Jan van den Berg  

 

  

Instituut Collectie Nederland 
Gabriël Metsustraat 8, Postbus 76709,  
1070 KA Amsterdam, The Netherlands 
e-mail: Alberto.de.tagle@icn.nl 
             klaas.jan.vd.berg@icn.nl  

 

 

An open discussion session has been initiated by Dr Alberto de Tagle on the need to 
establish and coordinate a users group. The discussion concluded to the decision to found the 
Users’ Group for Mass Spectrometry and Chromatography (MaSC). The announcement on the 
foundation and main objectives of the users’ group is given below. 
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FFoouunnddaattiioonn  ooff  tthhee  UUsseerrss’’  GGrroouupp  ffoorr  MMaassss  
SSppeeccttrroommeettrryy  aanndd  CChhrroommaattooggrraapphhyy  ((MMaaSSCC))..      

  
AAnnnnoouunncceemmeenntt     
 
We hereby announce the foundation of the Users’ Group for Mass Spectrometry and 
Chromatography (MaSC). The group was established at the workshop on ‘Binding Media 
Identification in Art Objects’ organised by the “Ormylia” Art Diagnosis Centre (organiser of 
the workshop on behalf of the European Union ‘LabSTECH’ programme), the Netherlands 
Institute for Cultural Heritage (ICN) and the Getty Conservation Institute (GCI), involving also 
the Institute for Atomic and Molecular Physics (AMOLF). In this workshop, which was 
attended by 36 researchers from 21 institutions in 10 countries, it became clear that there 
is a great desire for more interaction and discussion among conservation scientists. 

 

The aim of MaSC is to create a discussion forum for conservation scientists that want to 
exchange information regarding  

1) sample taking strategies and protocols,  

2) preparation of samples,  

3) chromatographic and mass spectrometric analysis,  

4) data treatment and interpretation of results.   

 

The first task of the group will be to investigate possibilities for the creation of a database, 
which will contain mass spectra relevant to conservation scientists. 

 

The organising committee of the users’ group consists of 

Coordinators:  Klaas Jan van den Berg (ICN, the Netherlands)  

   Christopher Maines (NGA, USA),  

Members:   Ester Ferreira (FOM-AMOLF, the Netherlands),  

   Catherine Higgit (NGL, UK),  

   Ken Sutherland (PMA, UK) 

   Andreas Tsakalof (OADC, Greece).  

 

The new users’ group operate under the umbrella of the ICOM-CC Scientific Research 
Working Group, and aims to organise a meeting once every one or two years. Whenever 
possible, these meetings will be arranged to coincide with interim and triennial meetings of 
ICOM-CC or similar organisations.  

If you are interested in joining the Users’ Group for Mass Spectrometry and Chromatography 
(MaSC), please complete the membership form attached and return to Catherine Higgitt 
(catherine.higgitt@ng-london.org.uk). 
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