Conserving
Cultural
Heritage

Editors

Maria J. Mosquera
M.L. Almoraima Gil

CRC Press
Teyhes & trwechs Greap
A BALEFWA 100K




CONSERVING CULTURAL HERITAGE



Taylor & Francis

Taylor & Francis Group

http://taylorandfrancis.com



PROCEEDINGS OF THE 3RD INTERNATIONAL CONGRESS ON SCIENCE AND TECHNOLOGY
FOR THE CONSERVATION OF CULTURAL HERITAGE (TECHNOHERITAGE 2017), MAY 21-24,

2017, CADIZ, SPAIN

Conserving Cultural Heritage

Editors
Maria J. Mosquera & M.L. Almoraima Gil

Departamento de Quimica Fisica, Universidad de Cadiz, Spain

CRC Press
Taylor & Francis Group

Boca Raton London New York Leiden

CRC Press is an imprint of the
Taylor & Francis Group, an informa business

A BALKEMA BOOK



CRC Press/Balkema is an imprint of the Taylor & Francis Group, an informa business

© 2018 Taylor & Francis Group, London, UK
© Cover design: Pedro Braza Lloret, pedrobraza@arquired.es

Typeset by MPS Limited, Chennai, India

All rights reserved. No part of this publication or the information contained herein may be
reproduced, stored in a retrieval system, or transmitted in any form or by any means, electronic,
mechanical, by photocopying, recording or otherwise, without written prior permission from
the publishers.

Although all care is taken to ensure integrity and the quality of this publication and the
information herein, no responsibility is assumed by the publishers nor the author for any
damage to the property or persons as a result of operation or use of this publication and/or
the information contained herein.

Published by: CRC Press/Balkema
Schipholweg 107C, 2316 XC Leiden, The Netherlands
e-mail: Pub.NL@taylorandfrancis.com
www.crepress.com — www.taylorandfrancis.com

ISBN: 978-1-138-06744-8 (hardback)
ISBN: 978-1-315-15864-8 (eBook)



Conserving Cultural Heritage — Mosquera & Almoraima Gil (Eds)
© 2018 Taylor & Francis Group, London, ISBN 978-1-138-06744-8

Table of contents

Preface
Organizing committee
Cesareo Sdiz Jiménez

Conference opening paper

Materials and methods for the conservation of cultural heritage
D. Chelazzi, R. Giorgi & P, Baglioni

Nanomaterials and other products for conservation

Protecting clay mortars through water-proof techniques
A. Karozou, M. Stefanidou & K. Matziaris

The efficacy of stone consolidants based on alkoxysilanes: Influence of solvent type
B. Sena da Fonseca, A.P. Ferreira Pinto, S. Pi¢carra & M.F Montemor

Evaluating the performance of calcium tartrate as a consolidant for soft limestone
C. Cardona & D. Vella

A study on the effect of 1064 nm Nd-YAG laser cleaning of gilded wood support
A. Gomez-Moron, A. Lara-Luque, M. Gonzdlez-Gonzalez & P, Ortiz

Removal of varnish residues and overpaints from a fifteenth century Spanish tempera
and gilded panel painting with a Pemulen™ TR2 gel
J. de Groot, D. de Man & K. Seymour

Controlling the effectiveness of the cleaning treatments of bronze using X-ray diffraction:

The equestrian sculpture of “El Cid Campeador” (Seville)
J.J. Martin-Del Rio, F.J. Alejandre-Sanchez, F.J. Blasco-Lopez,
J.A. Padilla Carmona & P. Soler-Nuiiez

Evaluation of ammonium phosphates as consolidating agent for carbonatic stone used
in Sicily

M. Martino, G. Milazzo, P Livreri, M.J. Mosquera & R. Giarrusso

Canvas consolidation survey and treatment requirements for the

NANORESTART project
M. Oriola, A. Nualart-Torroja, C. Ruiz-Recasens & G. Campo-Francés

Hemp concrete for the sustainable retrofit of the vernacular architectural heritage
in the region of Senhaja Srair (Morocco)
M.P Saez-Pérez, JA. Duran-Sudrez & M. Brummer

Evaluation of cleaning procedures for the conservation of tarnished lead
T Palomar, B. Ramirez, JM. Vélix & E. Cano

Effectiveness of innovative nanomaterials with consolidant, hydrophobic and
photocatalytic properties on “Pietra di Noto”
G.M.C. Gemelli, F Elhaddad, M.J. Mosquera & F Fernandez

Au-TiO,/Si0; photocatalytic coatings for application on building materials
M. Luna, M.J. Mosquera, JM. Gatica & H. Vidal

Chromatic reintegration in marbles of historical heritage. Evaluation of its effectiveness
and durability outdoors
M.P. Saez-Pérez, JA. Duran-Suarez & J. Rodriguez-Gordillo

v

XI
X1

13

17

21

25

29

33

37

41

45

49

51

53



New technologies for analysis, protection and conservation

Virtual exhibitions and educational methodology research: An Americanist case study 59
R. Lopez Guzman & A. Contreras-Guerrero

Rising damp in heritage buildings hygro-regulated wall base ventilation system 63
A.S. Guimardes & V.P. de Freitas

Characterization of Roman mural paintings from the archaeological

site of Cercadilla (Cordoba, Spain) 67
A. Gil Torrano, JM. Martin Ramirez, R. Ortiz Calderon, P Ortiz Calderon,

M.C. Fuertes Santos & A. Gomez Moron

Analysis of materials during the restoration of Tota Pulchra 71
A. Kriznar, M.A. Respaldiza, A. Gomez Moron, L. Nufiez Casares,
E. Ferndndez Ruiz & L. Martin

Georeferencing of historical iconography for the knowledge of the built heritage 75
S. Acacia & M. Casanova

Technological characterization of polychromies on a Balearic medieval stone
altarpiece of the 15th century 79
L. Bosch Rubio, A. Gomez Moron & P. Ortiz Calderon

In situ evaluation of outdoor sculpture with a gel polymer electrolyte cell 83
B. Ramirez Barat, A. Crespo & E. Cano

3D imaging and pore analysis of yellow tuff: Study of the architectural decay
in Castel Nuovo 87
G. Mele, L. Gargiulo & B. Di Matteo

How analytical techniques are able to address archaeological questions:
A case study of a painted ceramic 91
I Donate, M. Medina, S. Celestino, E. Rodriguez, C. Pascual, P Recio, J. Barrio & A.1. Pardo

The global positioning (GPS) and geographic information systems (GIS) applied
to old maps georeferencing to obtain information for temporary studies 95
B. Jigena, D. Dominguez-Aiiino, C. Torrecillas, A. Fernandez-Ros, A. de Gil & M. Berrocoso

Isotopic composition of lead used in the El Giraldillo casting 99
JM. Gallardo, M.A. Hunt Ortiz & E. Diaz-Gutiérrez

A discussion on gamma radiation hazards related to granitic materials and its
implication on historical buildings use 103
J. Sanjurjo-Sanchez & C. Alves

Non-destructive assessment of weathering in granite blocks of historical buildings:
In situ gamma-ray spectrometry (GRS) 107
J. Sanjurjo-Sanchez, C. Arce Chamorro, M. Couto & C. Alves

A methodological proposal on GPR applications in historical-archaeological survey 111
L. Lagostena Barrios & J.A. Ruiz Gil

Digital heritage in SW Spain: The UCA agenda 113
J.A. Ruiz Gil & L. Lagdstena Barrios

Non-invasive analytical investigation of Mudéjar polychrome on the carpentry
of Alcdzar of Seville 117
M.D. Robador, M. A. Garrote, R. Perez-Maqueda, L. de Viguerie & J. Castaing

Spectroscopic and optical techniques applied to the characterization of an anonymous
painting of a Virgin with Child 121
M.J. Nuevo, A. Martin Sdanchez & M.A. Ojeda

Comparative Raman spectroscopy of historical beads of different stages of degradation 125
LA. Balakhnina, N.N. Brandt, A.Yu. Chikishev, A.A. Mankova, 1.G. Shpachenko,
E.A. Morozova, TV, Yuryeva & V.A. Yuryev

VI



Ways to make history and archaeology with non-invasive techniques. The application of
GIS, RPA and GPR in the Roman city Hasta Regia
P, Trapero Fernandez

Scientific and technical study of glasses of a possible Venetian mirror from the
Virgen de la Encina Basilica at Ponferrada (Ledn, Spain)
J. Pena-Poza, F Agua, M. Garcia-Heras & M.A. Villegas

Environmental pH monitoring with optical sensors at the Monastery of
Santa Maria la Real de Nieva (Segovia, Spain)
J. Pena-Poza, S. San José, C. Gil & M.A. Villegas

Etruscan render mortars from Domus dei Dolia (Vetuldnia, Italy)
S. Rafanelli, P Moita, J. Mirdo, A. Carvalho, P. Braga, R. Vicente, C. Galacho,
C. Dias, A. Candeias, M. Beltrame & G. Coradeschi

3D laser scanning applied to diagnosis in vaults
A. Tirado, R. Ortiz & P Ortiz

Near infrared applied to forecasting of pathologies in Alamillo Bridge (Seville, Spain)
C. Torrecillas, D. Seda, B. Jigena, I. Barbero & M. Berrocoso

Noninvasive investigation of common, painted and glazed Islamic pottery (10th—13th century)

from the cities of Mértola and Evora (Portugal) using portable XRF spectrometry
M. Beltrame, S.G. Martinez, L.J. Gongalves, J. Santos, F. Branco, A. Candeias & J. Mirdo

Were late prehistoric stelae painted? Digital image analysis-based research of the
late prehistoric stelae of Mirasiviene (Lora del Rio, Sevilla) and Montoro
(Montoro, Cérdoba), South Spain

M.A. Rogerio-Candelera, L. Garcia Sanjuan, M. Diaz-Guardamino Uribe &
D.W Wheatley

20th century cultural heritage

Sculptural ensemble: “Hombre y mujer” by May Cavestany: Materials and deterioration
A.M. Barberena-Ferndandez & M.T. Blanco-Varela

Application of traditional Japanese technology in large format 20th century paper
G.M. Contreras Zamorano

Relationships in the presence of iron, copper, and zinc in iron gall inks of the
Valencian manuscripts from the 13th to the 17th centuries
G.M. Contreras Zamorano

Determination of the presence of wine in the medieval Valencian inks of the
Municipal Archive of Cocentaina by HPLC-Ms/Ms
G. Fernandez-Martinez

Producing hydrophobic concretes
J.G. Coneo, F Elhaddad & M.J. Mosquera

Nanotechnologies for contemporary art conservation: Some applications on plastics
M. Gomez, D. Reggio, M. Lazzari, I. Rodriguez-Arias & M.A. Lopez-Quintela

Contemporary paints: Materials identification and fabrication techniques
D. Reggio, C. Garcia, M. Gomez, M. Lazzari & T. Lopez-Moran

The Spanish civil optical telegraphy network. An opportunity for study and conservation
A. Alonso Dura, S. Tormo Esteve & P Bértolo Valero

A non-destructive approach to the study of 20th century gelatine negatives
M. Nunes, C. Miguel, A.T. Caldeira & T. Ferreira

Concrete fagade conservation of the Peru Pavilion of Seville (1927). Analysis of decay
V. Flores-Alés, EJ. Alejandre, F.J. Blasco, JR. Baeza & R. Villegas

VII

129

133

137

141

145

149

153

157

163

167

171

175

179

181

185

189

193

197



Ti0,/Si0; photocatalysts for application as self-cleaning coatings on historic concrete
S. Khannyra, M. Luna, R. Zarzuela, M.J. Mosquera & M. Addou

Significance of cultural heritage. Policies for conservation

Fuzzy logic applied to the analysis of the heritage buildings’ performance
A.J. Prieto, JM. Macias-Bernal, FJ. Alejandre, M.J. Chadvez, A. Silva & P, Ortiz

Analysis and structure of water distribution system in the distribution depot of the
Carmona Gate as a way of supplying water to the Royal Alcazar of Seville
C. Bandrés Mariscal, M.D. Robador Gonzdlez & A. Albardonedo Freire

A new approach for lighting energy management
B. Garcia-Fernandez, A. Alvarez Fernandez-Balbuena & D. Vazquez-Molini

Monitoring and modelling, a proposed method to assess the refurbishment projects
in historic buildings

C.M. Murioz Gonzdlez, A. Leén Rodriguez, I. Acosta Garcia,

M.A. Campano Laborda & J. Navarro Casas

Inhabitants’ social values for consideration in urban heritage conservation policy
in Darmo area, Surabaya, Indonesia
E.Y. Astuti

The Nerja Cave as a conservation model for the subterranean cultural heritage
L.E. Fernandez, C. Lifian & Y. del Rosal

Public institutions as deposits for lean-intensive-care cultural heritage objects
JM. Gallardo, R. Sepulveda, F. Medina & E. Diaz-Gutiérrez

Stone alteration and tourism
J. Sanjurjo-Sanchez & C. Alves

Surveying buildings as an essential tool for conservation tasks: The
Royal Hospital in Granada (Spain)
J.E Reinoso-Gordo, C. Leén-Robles, J.L. Ramirez-Macias & F.J. Ariza-Lépez

Vulnerability study of three monumental gates from the 12th century (Marchena, Spain)
J. Benitez, R. Ortiz & P Ortiz

Preparing cultural heritage for a natural disaster
K. Bennett & K. McLeod

Towards zero emission refurbishment in historic urban districts
A. Loli & C. Bertolin

A disaster risk management plan for Suasa archeological park (Italy)
L. Nobile

The current built environment of the medieval forts on Arwad Island, Syria
M. Hassan, H. Xie & T. Rahmoun

Optimizing damage and color fidelity in museum illumination with a mathematical model
S. Mayorga, D. Vazquez, A.A. Ferndandez-Balbuena & B. Garcia-Ferndandez

Working methodology for the development of a master plan of action on the
historical immovable heritage
J.M. Aragon, JA. Ruiz, M.L.A. Gil & D. Zorrilla

Deterioration of cultural heritage

Natural stone decay: Artificial ageing tests versus natural weathering
R. Bellopede, L. Zichella, P Marini & N.M. Luodes

Intensive damage due to salt crystallisation by rising damp in the Colegio
Santo Domingo of Orihuela (Spain)
D. Benavente, C. Pla, JM. Elena-Carbonell, Y. Spairani & C.M. Grossi

VIII

201

205

209

213

217

221

225

229

233

237

241

245

247

251

255

259

263

269

273



Ship ballasts in the Bay of Cadiz: Their use as pavements in the Cadiz Old City quarters
during the 17th—19th century. Petrological and archacometric approach
S. Dominguez-Bella, J. Martinez Lopez & L. Criach

The Mosaic of Baco (Puente Melchor, Cadiz), a new archaecometric approach
A. Durante Macias, S. Dominguez-Bella & D. Bernal Casasola

Marble sculptures crack fixing by metallic staples
JM. Gallardo, E. Diaz-Gutiérrez & J.A. Lopez

Biodeterioration: Fundamentals, present and future perspectives.
Session in honour of Prof. Cesareo Sdiz Jiménez

Antimicrobial activity of essential oils: A green alternative to treat cultural heritage
N. Macro, C. Sbrana, S. Legnaioli & E. Galli

Microorganisms and monuments: Forty years of heritage conservation
B. Hermosin, L. Laiz, V. Jurado, A.Z. Miller & M.A. Rogerio-Candelera

Two decades using molecular techniques to study biodeterioration of cultural heritage:
An amazing biotechnological development
G. Piiiar & K. Sterflinger

Detecting cells with low RNA content colonizing artworks non-invasively: RNA-FISH
R. Vieira, M. Pazian, M. Gonzdlez-Pérez, A. Pereira, A. Candeias & A.T. Caldeira

Stone biodegradation and mitigation—the case of Convent of Christ, Portugal
T Rosado, M. Silva, R. Santos, A. Galvao, J. Mirdo, A. Candeias & A.T. Caldeira

Modified SiO,-AgNPs for biocide/superhydrophobic treatments for stone
R. Zarzuela, M.L.A. Gil, M.J. Mosquera & M. Carbu

Assessing the effect of different coloured lighting in controlling biological colonization
P. Sanmartin, D. Vazquez-Nion, B. Silva, B. Prieto & J. Arines

Underwater cultural heritage

Non-destructive study of the degradation processes in underwater metallic materials
E. Estalayo, J. Aramendia, K. Castro, JM. Madariaga, L. Garcia & 1. Garcia-Camino

Archaeometric study of waterlogged wood from the Roman cryptoporticus of Lisbon
G. Coradeschi, A. Manhita, C. Barrocas Dias, N. Mota, A. Caessa, C. Nozes,
L. Sadori, FE Branco & L. Gongalves

A general method to recover and stabilize super-fragile materials from
underwater archaeological sites
L.C. Zambrano, M.L.A. Gil & M. Bethencourt

Conference closing paper

The Roman necropolis of Carmona, Spain: 10 years of research
S. Sanchez-Moral, J.C. Carniaveras, D. Benavente, A. Fernandez-Cortes, S. Cuezva,
J. Elez, M.A. Rogerio-Candelera, V. Jurado & C. Saiz-Jimenez

Author index

IX

277

281

285

291

295

299

303

307

311

313

319

323

327

333

337



Conserving Cultural Heritage — Mosquera & Almoraima Gil (Eds)
© 2018 Taylor & Francis Group, London, ISBN 978-1-138-06744-8

Analysis of materials during the restoration of 7ota Pulchra

A. Kriznar

Department of Sculpture and Art Theory, Faculty of Fine Arts, University of Seville, Spain
Centro Nacional de Aceleradores (CNA), University of Seville-CSIC-Junta de Andalucia, Seville, Spain

M.A. Respaldiza

Department of Atomic, Molecular and Nuclear Physics, Faculty of Physics, University of Seville, Spain
Centro Nacional e Aceleradores (CNA), University of Seville-CSIC-Junta de Andalucia, Seville, Spain

A. Gémez Mordn, L. Nuiiez Casares, E. Fernandez Ruiz & L. Martin
Instituto Andaluz de Patrimonio Historico (IAPH), Seville, Spain

ABSTRACT: Tota Pulchra (around 1600), a high quality copy of a painting made by an anonymous artist
copying probably an Italian painter Giuseppe Cesari, was recently restored due to its bad conservation state.
Before and during its intervention, the artwork was analysed in order to get information about materials and
painting technique and help at the restoration process. Several invasive and non-invasive techniques for material
identification have been used. Extracted samples were studied with OM, SEM-EDX, FTIR and GC-MS. The
results revealed the usual palette for the 16th century, linseed oil binder, chalk based preparation and a complex
pigment mixture for priming, as well as several later interventions. Under the OM, also organic fibers from the
canvas were identified as flax support for the painting.

1 INTRODUCTION

1.1 Tota Pulchra

Origin and authorship of this canvas are unknown,
but according to its style, it can be situated around
1600. It is probably a copy of a painting made by
Giuseppe Cesari (1568—-1640), an Italian Mannerist
painter, much valued in Rome by the Popes and high
society. He developed a personal style characterized
by strong colours and chiaro-scuros, and was known
as a fresco and as a canvas painter (Rottgen 2002).
One of his artworks known as Inmaculada was sent
to a College of Jesuits in Seville (today at the Royal
Academy of Fine Arts of San Fernando in Madrid),
where it became very famous and was probably copied
several times. One of these copies can be found today
at the Royal Academy of Fine Arts of St. Elisabeth
of Hungary in Seville. Due to its bad conservation
state, it was recently restored by the professionals of
the Andalusian Centre for Cultural Heritage (Centro
Andaluz de Patrimonio Histérico — IAPH) and during
that time, also several material analyses were carried
out to support the intervention process.

1.2 Conservation state

The conservation state of the painting was very
degraded, principally due to a fracture in the lower
part of the canvas, but also due to natural processes
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of ageing of the materials and to some unfortunate
interventions in the past. Therefore, the restoration was
principally directed towards the removing and repair-
ing of the existing damages, but also to return to the
painting its aesthetic presentation.

2 OBJECTIVES AND EXPERIMENTAL

2.1 Objectives of the analyses

To support the intervention, the painting was analysed
before and during the process. The objectives of the
analyses were to get information on (a) support/canvas,
(b) preparation and priming, (c) pigment palette of the
artist, (d) binder and varnish used, (e) inner structure
of the painting, (f) preparatory drawing and possible
pentimenti, (g) later interventions, and with all these,
(h) the painting technique and artwork’s history. The
information should allow the restorers to better distin-
guish original parts from later additions and to carry
out supported cleaning of the painting surface, as well
as to use the same or similar materials as the original
ones.

2.2 Experimental procedure

For the analysis of the painting, non-invasive and
invasive techniques were selected (Artioli 2010,
Volpin & Appolonia 2002). Among the first ones,



Figure 1.
(1600).

Caption of Tota Pulchra by Giuseppe Cesari

the examination with transmitted light and UV
fluorescence was applied to see later interventions,
then infrared reflectography (IRR) was used to detect
possible preparatory drawing and at the end radiogra-
phy for the inner structure of the painting. As non-
invasive technique also X-Ray Fluorescence (XRF)
(Fig. 2) was carried out directly in situ to identify
inorganic materials (preparation, priming, pigments)
present in the painting. A tungsten (W) tube was used,
always under the same measurement conditions (volt-
age 34 kV, cathode current 80 mA and time of 200 sec)
to compare the spectra obtained (Seccaroni & Moioli
2004).

Besides, three samples of colour layers (Virgin’s
blue coat and pink tunic, angel’s knee) and one of tex-
tile fibers from the canvas were extracted. The first
three were prepared as cross-sections in a polished
methacrylate resin and studied under optical micro-
scope (OM) and scanning electron microscope (SEM)
with energy dispersive X-Ray Spectroscopy (EDS)
at the IAPH laboratories. Organic fibers were stud-
ied under OM. For identification of organic materials,
such as binders, varnishes and lakes, Gas Chromatog-
raphy with Mass Spectroscopy (GC-MS) and Fourier
Transform Infrared Spectroscopy (FTIR) in transmis-
sion and in ATR mode at the Arte-Lab in Madrid.
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Figure 2. Caption of in situ XRF analysis. The equipment
uses RX30 EIS S.L. X-Ray generator of 30 kV and Amptek
SDD detector with energy resolution 140 keV.

Figure 3.

(a) Caption of linseed fibers under OM.
(b) Caption of a cross-section under OM (x20). Virgin’s pink
tunic. Preparation (1), dark underpainting (2), light pink (3)
and varnish (4) layers can be distinguished.

3 RESULTS

3.1 Painting support

Support for the painting is composed of canvas, and
preparation. The analysis by OM of textile fibers from
the canvas showed characteristic image of linseed
fibers (Fig. 3a), which allows identification of flax
support. This was covered with a thin layer of prepa-
ration, made of chalk, identified with XRF and SEM-
EDS. It seems that there are not two separate layers
of preparation and priming, but that they are com-
bined; chalk is mixed, with other pigments, applied
to give to the surface a common darker tone which
facilitates later colour modelling and makes painting
quicker (Fig. 3b). Material analyses identified earths
(Fe), traces of lead white (Pb), vermilion (Hg), lead-tin
yellow (Pb, Sn) and azurite (Cu). The presence of azu-
rite in priming surprises due to its elevated cost, but
under OM blue particles can be identified. Also, some
pirite and titanium oxide (rutile) nodules are observed.

3.2 Pigments and binders

Most of the pigments were identified with non-
destructive XRF technique and also confirmed with
SEM-EDS or FTIR. In some cases, the last two



Figure 4.
of the Virgin Mary, made of lead white (Pb), vermilion (Hg),
red or/and yellow ochres (Fe) and a Cu based green pigment.
(b) Capture of XRF spectrum of a gray cloud in the back-
ground. Blue smalt (K, Co, Ni, As), lead white (Pb), red ochre
(Fe), vermilion (Hg) and umber (Mn, Fe) are identified.

(a) Caption of XRF spectrum showing carnation

techniques cleared the doubts in identification by XRE,
which can be limited due to several factors (Secca-
roni & Moioli 2004). With XRF different colours and
tonalities were selected, in order to get the whole
palette and also to find out how the shades and high-
lights were carried out. The pigments used are general
for the time between the 16th and the 17th centuries
(Eastaugh 2008, West Fitzhugh 2012): lead white
(identified by Pb peaks), which was used also in car-
nations (Fig. 4a) and for highlights; for yellow colour,
the painter used mostly yellow ochre (Fe), while led-tin
yellow (Pb, Sn) was used for highlights or to repro-
duce gold (stars, Virgin’s aureole). There were three
substances used for red colour: red ochre (Fe) and ver-
milion (Hg) identified by XRF and EDS, but also red
lake, identified by FTIR.

As for blue colour, the artist chose two pigments:
expensive azurite (Cu) for more important areas like
Virgin’s or angel’s vestments or for shades on white
cloths. Also, violet colour was obtained mixing azurite
with vermilion, red ochre and lead white. On the other
hand, much cheaper blue smalt (K, Co, Ni, As) was
applied in wider areas of background, as sky, clouds
(Fig. 4b) or the sea. This pigment also suffered non-
reversible chemical changes, has darkened and lost its
blue hue (Eastaugh et al. 2008, West Fitzhugh et al.
2012), As green pigment, a copper based one was used,
which cannot be identified precisely due to character-
istic Cu chemical element, identical for several green
pigments. Having in mind the time of the artwork, it
could be verdigris or copper resinate. For shades and
darker hues, umber (Mn, Fe) and bone black (Ca) were
added. For identifying organic materials, GC-MS was
the best solution; it allowed to precisely characterize
the binder used by Cesari as linseed oil and therefore
to confirm the painting technique as oil one.

3.3 Preparatory drawing and inner structure

Unfortunately, no preparatory drawing was discovered
by IRR, however it helped revealing some later inter-
ventions not observed under the UV light, as well for
general location of Fe and Pb based pigments. On
the other hand, radiography showed that the canvas
is composed of 4 vertical stripes and also showed
some deeper later interventions, together with the
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Figure 5. (a) Caption of a detail under UV light, (b) capture
ofradiography detail. Retouches, the line between two canvas
strips and canvas structure can be observed.

identification of the areas painted with Pb or Hg based
pigments.

3.4 Later interventions

They were discovered combining transversal and UV
light (Fig. 5a), IRR, radiography (Fig. 5b) and XRF
elemental analysis. In the retouched areas, the pres-
ence of modern pigments from the end of 19th and
beginning of the 20th centuries were discovered, such
as titanium (Ti) and zinc (Zn) whites, and rarely (Cd)
cadmium yellow.

4 CONCLUSIONS

Material analysis of Tota Pulchra identified pigment
palette common for the 16th century, linseed oil as
the binder and a complex mixture of pigments for the
preparation layer on linen canvas. The artwork was
accordingly relined, surface consolidated and cleaned,
lacunas were plastered and chromatically reintegrated,
following the analytical results. The restored painting
has returned to its collection.
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