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Conservation research can be defined as the work of
scientists and others who pursue their investigations into
the study and the conservation of cultural heritage.
Conservation research as such is a form of applied research,
which is focused on the conservation of material aspects of
cultural heritage. It includes scientific studies where (art)
historical, conservational and/or chemical, biological and
physical methods are used. Therefore, conservation research
is basically interdisciplinary in its approach.

Within this context, natural scientists apply both exami-
nations of objects (works of art and science) using scientific
methods as well as conservation science, which is a branch
of natural science that is concerned with the physical/
material aspects of works of art and science, their
deterioration and conservation. Scientific and technological
disciplines, such as conservation science, rely on measure-
ments of physical and chemical properties. Such measure-
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ments are central to, for example, analytical chemistry, that
branch of chemistry concerned with determining the
qualitative and quantitative identity of a substance.

Chemistry was first applied to the conservation field in
the eighteenth century, gradually assuming a fundamental
role, owing to the increased number of objects and
collections exhibited in museums. Today, chemistry, and
analytical chemistry in particular, plays a crucial role in the
characterization of the nature of heritage materials, in the
study of ancient production techniques, as well as
supporting archacometric studies (provenance, dating,
attribution), detecting causes and mechanisms of degra-
dation and developing and evaluating the performance of
restoration materials and methods.

Ancient artworks, such as paintings, are complex
heterogeneous systems often characterized by a multilayer
structure. Therefore, the examination of artworks is often
complicated by the difficulties in physically separating the
different layers owing to their thickness (1-200 pm).
Moreover, a single layer is often composed of a mixture
of various compounds both of organic and of inorganic
nature. Such substances are not distributed homogeneously
and numerous interactions between them, as well as
degradation and ageing phenomena, may take place. To
have a deepened understanding of these phenomena,
advanced analytical techniques are therefore not only
required at a molecular level to characterize the nature of
the compounds but also to obtain chemical and physical
information about ongoing changes. Another important
issue to be taken into serious account is the need to reduce
to a minimum the number and amount of samples collected
from artworks. For this reason it is always advisable to
follow a methodological approach where non-destructive
and microdestructive techniques can be combined in an
integrated way.

@ Springer



2886

R. Mazzeo et al.

In the last few years research efforts have been devoted
to the development of non-destructive techniques [X-ray
radiography and computer tomography, X-ray fluorescence
(XRF), multispectral imaging system, portable Raman and
Fourier transform infrared (FTIR) spectroscopy]. Even
though they are extremely useful, because of their non-
destructiveness and possibility to be used in situ, they
cannot provide a detailed stratigraphic characterization of
the areas analysed. In this regard microdestructive analyt-
ical techniques applied to sample cross-sections, which
allow the identification and the contemporary spatial
location of both the organic and the inorganic components,
have been widely studied and developed. In particular,
special attention has been paid to the development of
stratigraphic analytical techniques capable of detecting
organic substances. Indeed, their characterization is a more
difficult task because of their higher chemical variability,
low concentration and tendency to be degraded by
internal and environmental factors. The 2008 special
issue of Analytical and Bioanalytical Chemistry entitled
“Characterization of Paintings” was actually devoted to
this particular research issue.

During recent decades, the interest of the scientific
community in conservation and restoration has increased
owing to a growing understanding that the causes of
deterioration, the characterization of the state of conserva-
tion and the development and testing of new conservation—
restoration materials and methods are a priority for the
correct safeguarding of cultural heritage. This trend is likely
to continue as the scientific community involved in
conservation is shifting its interest somewhat from the
application of analytical techniques aimed at gaining
profound knowledge of the constitution of heritage materials
and of ancient production techniques, to problem-solving
approaches that favour research studies aimed at providing
feasible and lasting solutions to concrete conservation
problems. The need for such a change comes mainly and
directly from conservator-restorers who are confronted with
real problems on a daily basis and thus ask for reliable
solutions. It is the guest editors’ opinion that this change
should be further nurtured and this Special Issue is aimed in
this direction by presenting advanced research in analytical
chemistry for cultural heritage within a wider perspective.

This includes the development of new analytical proto-
cols for the evaluation of the performance of innovative
bioprotective treatments for ancient metals and the study of
alteration processes which took place on modern materials,
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contemporary works of art, mortars and pigments. Of great
interest are the papers dealing with the use of synchrotron
radiation (SR)-based techniques (SR X-ray diffraction and
SR-FTIR spectroscopy, X-ray absorption spectroscopy)
as well as those related to the development of new
biomolecular methods (ELISA, mitochondrial DNA,
surface-enhanced Raman scattering nanotag-complexed
antibodies) for protein recognition and localization, for the
understanding of the biological origin of animal glues and for
the development of a multiplexed chemiluminescent immu-
nochemical imaging technique for the simultaneous localiza-
tion of different proteins in paint cross-sections. Such
techniques are able to provide information on the organic
substances employed and, in perspective, may be suitable to
support archeometric studies.

The development of new multianalytical approaches
and protocols for the identification of heritage materials
such as natural resins and colorants is also presented and
discussed.

Traditional analytical techniques have been improved in
terms of both new sample preparation procedures, which
allowed a greater number of heritage materials to be
examined, and interpretation of results thanks to the great
support provided by multivariate analyses which allow the
characterization and the chemical mapping and imaging of
unknown substances to be better performed.

Another important research issue which is well presented
in this Special Issue concerns the use of advanced non-
destructive methods such as NMR and 2D imaging
performed with a portable XRF instrument.

Rocco Mazzeo is Professor of
Chemistry for Cultural Heritage
at Bologna University, where he
is actively involved in formal
education in science for conser-
vation and performs research in
micro-FTIR mapping and imag-
ing spectroscopic techniques
applied to the study of painted
works of art.



Analytical chemistry for cultural heritage: a key discipline in conservation research

2887

Aldo Roda is Professor of Ana-
lytical Chemistry at Bologna
University. His main research
interests include the develop-
ment of ultrasensitive bio-
chemiluminescence imaging
techniques for the localization of
target molecules (proteins,
nucleic acids) in biological sam-
ples, such as cells and tissues.

Silvia Prati is Researcher of
Chemistry for Cultural Heritage
at Bologna University, where
she is actively involved in for-
mal education in science for con-
servation and performs research
in micro-FTIR mapping and
imaging spectroscopic techni-
ques applied to the study of
painted works of art.

@ Springer



	Analytical chemistry for cultural heritage: a key discipline in conservation research


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


