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The Art and Science of NDT at the
Hermitage Museum
by Alexander Iosifovich Kosolapov
EDITOR’S NOTE

This article is an excerpt from a research paper originally published in Russian in the journal
NDT World. It was translated into English courtesy of the editors of NDT World and
was condensed for publication in The NDT Technician. We hope you enjoy this behind-the-scenes
peek into nondestructive testing at the world-famous Hermitage Museum.

Introduction
The history of the scientific and technical
expertise at the State Hermitage Museum
in St. Petersburg, Russia, begins in the
early twentieth century, the time when
some chemists initiated their participation
in the development of procedures for the
restoration of artworks and in solving
other problems of a chemical nature. In
1936, T.N. Sil’chenko created one of the
first X-ray rooms in a museum in Russia,
which was later transformed into a physics
X-ray laboratory. In 1955, I.L. Nogid
created a small chemical laboratory. These
two laboratories existed independently
of each other, at first as part of the
restoration department, and then as part
of the museum science department. In
1997, the laboratories merged to form
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the Scientific and Technical Expertise
Department (STED). Currently, STED
includes two laboratories: a technical and
technology expertise laboratory and a
physics-chemical examination laboratory.
The staff includes 16 employees, mostly
physicists and chemists, as well as a
biologist (botanist) and an art historian.
STED’s main functions are as follows:
l to authenticate artworks
l to participate in restoration projects,
in terms of the scientific development
of procedures and creation of technical
documentation
l to support operations on the
classification of our collections
Described in this article are the main
nondestructive testing (NDT) devices used
in STED and some examples of their usage.
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Unmasking Counterfeits

(a)

(b)
Figure 1. Ian Provost’s “A Virgin with a Baby”: (a) original photo; (b) a preparatory
drawing revealed by infrared reflectogram.
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One of the main functions of STED is to
identify forgeries. The extent of business
on the sale and purchase of artworks in the
world amounts annually to many tens of
billions of dollars, with the market prices
for artwork continuously growing from
year to year. It is natural that among the
sold and purchased articles there will be
falsifications or simply improperly defined
articles.
The history of forgeries goes far back,
starting from the ancient times. The
museum’s purchasing committee often
comes across forgeries and imitations.
Quite often it gives rise to disagreements
when defining the authenticity of an
object “by sight,” using history and stylistic
similarities (methods traditionally used by
professional art historians), together with
an assessment on the basis of analytical
methods (obtained by STED).
In general, scientific and technical
expertise methods can be divided into
two large groups: destructive methods
(laboratory methods) that require
taking a sample from the material, and
nondestructive methods that do not require
taking out a sample. In our view, however,
this is quite a conditional division since
there are methods that can be used in both
versions. For example, Raman spectroscopy
is a technique in which the object can be
investigated using a Raman microscope
both with taking a sample and without
taking a sample, depending on the size of
the investigated object. Also, many Raman
sets are provided with remote probes suited
for NDT of the nonvarnished surface
of old paintings (old varnish provides
strong luminescence, which masks the
useful signal). Similarly, X-ray structural
analysis can be used both for the whole
object (nondestructive method) and for a
sample taken from the material (destructive
method).

Included in the group of traditional
NDT techniques can be versions of optical
microscopy, which allow an object placed
on a table or easel to be tested directly.
These techniques represent radiographic
analysis in various wavelengths, from
very soft rays for fluoroscopic viewing of
monetary notes or paper to very hard rays
for penetrating through heavier materials.
In X-ray imaging there are a number of
modern nondestructive techniques used,
namely X-ray emission imaging used for
paintings that are opaque to X-rays. Finally,
there are many versions of computed
tomographic (CT) techniques.
Also included in this group are
specialized photography methods, including
fluorescent and infrared photography. X-ray
structural analysis and Raman spectroscopy
can be used for the nondestructive
investigation of minerals and gems. The
same can be said about X-ray fluorescence
analysis performed in the open air. Electron
microscopy investigation is carried out, as
a rule, on samples taken from materials,
but in some cases, it can be considered an
NDT method, provided the microscope
chamber can accommodate the whole
object under test.
Destructive methods include X-ray
structural and Raman analysis performed
on samples, most versions of electron
microscopy investigation, all types of
chromatography analysis required for
determining organic materials on paintings,
infrared spectroscopy (in most cases),
and practically all known methods for
determining the age of materials, including
thermo luminescence for ceramics and
radiocarbon dating for organic materials.
When testing, it is always desirable
to have a reference artwork by the same
artist made within the given period of
time to compare with the article under
investigation.
Let’s now refer to the scientific and
technical methods used in the Hermitage
STED.

Thermal/Infrared Testing and
Fluorescent Photography
Infrared reflectography enables experts to
detect free carbon that can be contained
in paint-covered materials (for example,
a preparatory carbon or pencil drawing
under the layers of paint). For this task a
high-resolution camera is used. Camera
resolution is 4K × 4K pixels and the
camera is equipped with an interference
filter mounted directly on the detector to
enable operation in ~1.7 µm wavelength.
Figure 1a shows a photo of the painting
“A Virgin with a Baby” by the Dutch
artist Ian Provost (1465–1529) from
the Hermitage collection. An infrared
reflectogram reveals a preparatory drawing
on this painting, as shown in Figure 1b.
The drawing does not coincide in all details
with the final visible artwork of the artist
(for example, compare the position of the
Virgin’s belt). The differences stand for solid

proof of the fact that it is not a copy. This
method also frequently reveals unreadable,
“faded away” signatures of the artists.
Another type of NDT examination used
is fluorescent photography. In this case,
the paint layers of the painting produce
luminescence. The absorbed radiation
is in the ultraviolet (UV) region of the
spectrum, and thus invisible to the human
eye, while the emitted light is in the
visible region, which gives the fluorescent
substance a distinct color that can be seen
only when exposed to UV light. In Figure
2, the “Lady’s Portrait” by K. Makovsky
shows clear contrast spots on the lady’s
face and in the background in the form
of visible luminescence. In this case, the
spots are produced due to application of
zinc-titanium white alongside the lead
white paint (which does not produce color
luminescence), producing a brown-green
color luminescence. Photographing the
visible luminescence image caused by UV

Figure 2. K. Makovsky’s “Lady’s Portrait” showing visible luminescence generated
by UV radiation.
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radiation is not only a useful nondestructive
way to determine inscriptions on paintings
but also a good means to restore discolored
(faded away) texts written with iron gall
ink on documents.

Radiographic Testing
A good example of X-ray radiography
in our workshop was of Rembrandt’s
“Danaya,” which was examined after being
subjected to an acid attack (Figure 3).
X-ray imaging shows changes introduced
by Rembrandt in his initial design. The
hand and leg look different compared to
those in the final version. Such a finding
unambiguously confirms the originality
of this artwork. (Also seen are the drips
of acid splashed onto the painting,
which inflicted substantial damage due
to dissolving the paint layers to various
depths, in some places down to the primer.)
Another very useful express test for
material composition is X-ray fluorescence

analysis (XFA). Nowadays, XFA is a
standard analytical procedure widely used
in museums. The technique is fast and
effective, and can reveal paint on a painting
that does not coincide with the assumed
time of creation, as well as determining
posterior types of metal alloys in articles
and evaluating composition of enamels,
glasses, and more.
Among the newest equipment of
interest may be the Raman system. Apart
from the Raman-Fourier spectrometer,
this equipment also includes a Raman
microscope (a set with three lasers—green,
red, and infrared) and two remote probes.
The Raman microscope is our first tool
for determining the authenticity of gems
in jewelry and in the lamina analysis
of micropolished sections, as well as in
identifying phthalocyanine paints.
Raman scattering (usually referred to as
combination scattering in Russia) is also
perfectly suited for determining artistic

Figure 3. Radiographic imaging of Rembrandt’s “Danaya” after a vandal’s attack (an
assembly of 64 X-ray images, each measuring 30 cm × 40 cm).
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pigments and other materials, and in many
cases successfully competes with older X-ray
structural analysis methods based on the
recording of diffraction of monochromatic
X-ray radiation on the crystal lattice of
minerals and metals. To investigate X-ray
diffraction of materials (when determining
crystal structure), two devices are used in
the Hermitage. One is a diffractometer
with a three-dimensional solid body
sensor, and the other is a Russian-made
diffractometer equipped with a so-called
Gandolfi head. The technique is of interest
not only for phase analysis, but it also
brings new possibilities in distinguishing
cast coins and medals (counterfeit) from
those hammered (original), based on the
nature of residual elastic stress.

Electron and Optical Microscopy
Scanning electron microscopes are also
commonly used. These microscopes include
roentgen-fluorescence energy-dispersive
analyzers, which can determine chemical
composition at selected points and perform
mapping of the distribution of chemical
elements in an object’s image.
Optical microscopy in combination
with electron microscopy can be used to
effectively investigate the polished sections
of paint layers (the polished section refers
to the image of the polished flank of a
painting’s paint layer). The lower layer is
usually the primer, followed by paint layers
one after another. The composition of
layers can be determined using a Raman
microscope or an X-ray fluorescence
analyzer with an electron microscope.
For the works of some artists, comparing
polished sections is quite informative.
The bonding agent used in the paint
layer is one of the most important
components in identifying paintings. A
wide range of bonding agents, from egg
distemper to modified oils, was used at
different times. This is why it is important
to determine the type and composition of
the bonding agent used by the artist. To

roughly determine the type of the bonding
agent, the infrared spectroscopy technique is
usually used.

Example
To this end, let us provide an example of the
importance of NDT at the State Hermitage
Museum.
The original of the painting named “In
a Café” was made by Russian avant-gardist
B.D. Grigorjev (1886–1939) in 1913 in
Paris and now resides in the Hermitage. A
forgery was sold to a St. Petersburg collector.
Figures 4a and 4b show both paintings. Both
are signed with Grigorjev’s monogram in the
lower right corner. Visually, by all accounts,
forgery is not revealed. However, scientific
investigation revealed the following for the
painting shown in Figure 4b:
l Blue and green phthalocyanine paints that
appeared only at the end of 1930s were
used.
l The binding agent of the paint layer was
modified oil with glyphtal resins, this
agent having appeared in Russia in the
1970s (approximately 10 to 15 years
earlier abroad).
l The painting’s base is a laminated carton
with pine spruce inclusions, which
testifies to Russian or Finnish origin.
This carton was produced using a special
machine that first appeared in the 1970s.
l Infrared reflectography revealed quite
a professional preparatory drawing
beneath the paint. According to known
information, Grigorjev did not make use
of a preparatory drawing.
Thus, the cumulative technical evidence
enabled STED to determine that the
painting sold to the St. Petersburg collector
(Figure 4b) was forged in the 1970s. h
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(c)
Figure 4. B.D. Grigorjev’s “In a Café”: (a) original painting; (b) counterfeit; (c) infrared
reflectography of the counterfeit revealing a preparatory drawing under the paint.
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