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The purpose of the work was to analyse lead white
from icons of the 15th-18th centuries, collected in
the Orthodox Art Department at the Castle Mu-
seum in Łańcut, using the neutron activation analy-
sis (NAA) method. These tests allowed to identify
concentration of trace elements in collected samples.
The achieved results provided a basis for the con-
clusion that lead white from analysed icons dem-
onstrates specific common characteristic features
and differs from lead white from panel paintings
from the Małopolska and Silesia regions. Identi-
fying similarities and differences in the applied lead
white would allow to create a “map” of its common
features and in the future would support the terri-
tory identification of the pigment, as well as the age,
origin and authenticity of an object under exam-
ination.

Lead white is a pigment most frequently used
for determining trace elements. This is due to its
features; having been varnished, lead white is re-
sistant to degradation and additionally, it is one of
the most frequently used pigments for the last twenty
centuries. Also, in the case of icon painting, lead
white is the only known white pigment used until
the 19th century [1-3].

The lead production process changed over time
and the analysis of impurities in the pigment can
be used to identify approximate date of its pro-
duction.
There are three potential methods for physical and
chemical classification of lead white:
- test of changes in the level of impurities by analy-

sing concentration of elements,
- test of changes in 206Pb/204Pb isotope ratio,
- analysis of crystal structure modification.
The crystal structure and the level of main impur-
ities are typical of the production method, while
the isotope ratio and trace impurities are related to
the origin of the mineral. Consequently, the analy-
sis of trace elements allows to determine the time
of the painting creation and its origin. Addition-
ally, it is possible to identify repainting and con-
servation activities, which is of key importance to
historians of art.

Based on to date quantitative analysis of trace
elements in lead white collected from paintings
from the 15th-19th century, it can be concluded

that lead white from regions south to Alps, found,
inter alia, in Venetian paintings, shows a higher
content of copper and manganese and lower con-
tent of sliver and antimony than lead white from
regions north to Alps, applied in northern Europe
[4-6].

The analysis included selected icons dated from
the 15th-18th century from the Orthodox Art De-
partment at the Castle Museum in Łańcut. Eigh-
teen icons were selected for the analysis, from
which samples of lead white were collected. Table
includes the description of the collected samples.
Collecting a sample including pure lead white in
the case of paintings such as icons is very difficult
due to the lavish gilding. 1-3 samples from each
object, with a mass from 0.1 to 1 mg were collected
after removing the varnish, from the top lights, in
order to ensure that they include pure lead white
without other pigment additives.

The analysis of lead white samples was carried
out using the instrumental NAA (INAA) method
without chemical separation, using standards of
analysed elements. After weighing and sealing in
quartz ampoules, samples were packed in pack-
ages including seven samples each together with
47 standards of determined elements such as Na,
K, Sc, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga ,Ge, As, Se,
Br, Rb, Sr, Zr, Mo, Ru, Ag, Cd, Sn, Sb, Te, Cs, Ba,
La, Ce, Pr, Nd, Sm, Eu, Tb, Dy, Ho, Er, Yb, Lu,
Hf, Ta, W, Ir, Au, Hg, Th and 238U. Small volumes
(0.001 ml) of solutions of appropriately grouped
elements were placed in quartz ampoules, evapo-
rated to dryness and sealed. Zinc (1 mg), tin (10
mg), iron (10 mg) and nickel (1 mg) standards were
additionally wrapped in an aluminium film. Addi-
tionally, scandium and gold standards were at-
tached to every sample series, to act as the moni-
tor of thermal neutron flux.

Samples were irradiated in the MARIA reac-
tor in Świerk, in a channel with a 8x1013 n/cm2s ther-
mal neutron flux. Samples were irradiated for 24
h and cooled for 8 h. Irradiated samples after tak-
ing out from the package were washed with an HCl
1:1 solution and then with alcohol to remove sur-
face contaminations. Standards were washed out
from ampoules or, in the case of scandium and
gold, dissolved together with the aluminium film
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and then predefined volumes from obtained solu-
tions (0.01-0.1 ml) were drawn to glass flat mea-
suring vessels and evaporated to dryness.

Measurements of activity of the samples and
standards prepared in such a way were carried out
using an HP germanium detector with an active vol-
ume of 80 cm3 and an energy resolving of 1.95 keV
for 1333 keV 60Co. The detector cooperates with a
S100 Canberra analyser, controlled by IBM/PS-2.
The analysis of complex gamma radiation spectra
was carried out using a micro-SAMPO program.
Eight measurements for each sample were per-
formed. Forty elements were identified and deter-
mined in the analysed samples.

Ultimately, 28 elements were selected for a
multi-parameter statistical analysis aimed at iden-
tifying the degree of similarity of analysed icons.
The clustering analysis using STATISTICA (Stat-
Soft) program was carried out to identify the simi-
larity degree of analysed objects. Distances be-
tween objects in the characteristic space (space
dimension equals the number of characteristic fea-
tures) are a direct point of entry for the clustering
analysis. Every object can be described using some
features that can be presented as real numbers –
in our case it was the concentration of elements in
the particular lead white sample. Similarity between
the analysed samples can be determined based on
the distribution of points in multidimensional space.
Hierarchical object clustering methods are used
most frequently. This allows to obtain a structure
arranged in a hierarchy, with increasing distance
corresponding to decreasing similarity. The result
is presented in form of a dendrogram (clustering
tree). The clustering analysis was carried out for
standardised variables.

The clustering analysis for all the tested 18 icons
was carried out. Results of this analysis are pre-

sented in Fig., which clearly shows division into
groups closely related to chronology of tested
icons. Icons from the 15th and 16th centuries are
much more alike than icons from the 17th and 18th
centuries. Probably, the applied lead white was
obtained from different sources that had changed
over time. Icons from the workshop of Jacenty and
Tymotej Rybotyccy (St. Cosmas and Damian –
marked as XIII on the diagram, Pantocrator –
marked as XIV and Deesis – marked as XV) are
much the same, which indicates that they used lead
white from the same source.

The aforementioned comparisons indicate that
lead white used in the analysed icon paintings, consti-
tuting a unified, very typical group that had under-
gone changes with time. Further qualification will
be feasible after obtaining the database from lead
white analysis of icons from other centres, such as
the Ukraine or Slovakia. As a result, it would allow
to compare characteristic features of lead white
used in important regions of icon paintings.

Fig. Cluster analysis of 18 analysed icons described 28 fea-
tures (feature number = determined element num-
ber); standardised variables.

Table. Description of the analysed samples.
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so due to additional binding of silver in the ma-
terial a synergic effect occurs and a higher anti-
bacterial activity of the materials can be obtained.

Preliminary electron paramagnetic resonance
(EPR) spectroscopy and scanning electron micro-
scopy (SEM) investigation of the materials were
carried out. SEM investigations suggest that metal-
lic silver creates 30-50 nm particles on the biocidal
materials grains. Three SEM images for non-mo-

dified TiO2-WG·QAC material, the material with
silver coating and UV irradiation and the same ma-
terial after HNO3 treatment that caused silver coat-
ing dissolution, are presented in Fig.

The combined system TiO2 photocatalyst–WG-
-QAC photocatalyst demonstrates particularly in-
teresting effects. TiO2-WG·QAC in comparison to
pure TiO2 significantly accelerates the reduction
of Cr6+ to Cr3+, it suggests photochemical syner-

The photochemical and photocatalytic properties
of TiO2 have been the subject of intensive investi-
gations in recent years [1-3]. One of the methods
applied in order to enhance the efficiency of photo-
catalytic properties is coating or dopping the ma-
terial with noble and transition metals [4,5].

Silica materials elaborated by coating of TiO2
or other carriers (e.g. dolomite) with salt of water
glass (WG) and quaternary N-alkylammonium

compound (QAC) were described previously [6].
In course of this research it was found out that
TiO2-WG·QAC materials bind Ag+ from aqueous
solutions and after UV irradiation reduction of
silver takes place. Photochemical reduction of Ag+

in these materials is much faster than for pure TiO2,
what suggests strong photochemical properties of
TiO2-WG·QAC. Silver is also an antibacterial agent
with an exceptionally broad spectrum of bacteria,
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Fig. SEM photomicrograph of: TiO2-WG·QAC material (a), TiO2-WG·QAC material with silver coating after UV irra-
diation (b), TiO2-WG·QAC material with silver coating after UV irradiation and HNO3 treatment (c).
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