
COALITION 
No. 26, December 2014 

 

2 
 

ISSN    1579-8410 
www.rtphc.csic.es/boletin.htm 

PREVENTIVE CONSERVATION IN 

MUSEUMS. A CHALLENGE FOR 

INNOVATIVE PROCEDURES 

 

J. Peña-Poza1, C. Gil2, M.A. 
Villegas1 and M. García-Heras1 

 

1Institute of History. CCHS-CSIC. Madrid, Spain 
2Faculty of Education. Campus María Zambrano. 
University of Valladolid. Segovia & Glass 
National Center. La Granja (Segovia), Spain 

 

Introduction 
Preventive conservation plays an essential role in 
management of museums since suitable 
maintenance of collections depends on its 
appropriate and sustainable preservation over 
time. Preventive conservation may be defined as 
a strategy based on a systematic method of work 
which aims at identifying, assessing, and 
controlling risks of deterioration of cultural 
goods, acting on the source of problems. Such 
problems use to be of external nature to the 
cultural good and are mainly connected with its 
surrounding environment (Ashley-Smith, 1999). 
 
Preventive conservation is a strategy in which it 
is not required to intervene directly in cultural 
goods. This strategy is, therefore, different to 
curative conservation in which it is required 
direct intervention in the own cultural good to 
prevent its loss or irreversible deterioration. 
Preventive conservation thereby attempts to 
slow the rate of deterioration of cultural goods, 
being more effective and economical than 
curative conservation. 
 
In museums, microclimate conditions and 
atmospheric pollution, either from indoor or 
from outdoor, are the most influential agents in 
preventive conservation. Indoor agents are 
related with museum buildings, showcases, and 
holdings. Among the main indoor pollutants can 
be mentioned acetic and formic acids emitted, 
for instance, by certain kinds of woods. On the 
other hand, outdoor agents are related with 
urban, rural or marine environments. The main 
outdoor pollutants are NOx, SO2, O3 and H2S. 

Much of pollutants are not especially dangerous 
for themselves. However, when they combine 
with a high relative humidity a synergic effect is 
produced which considerably increases the risk 
of contamination. Acid pollutants are dangerous 
for a great part of materials present in many 
museological collections. Any deviation from the 
theoretical neutrality (pH=7) means in fact a 
potential risk, generally by acid shock, which 
results in alteration, deterioration, and corrosion, 
depending on nature of material. The most 
sensitive materials to acidic environments are 
metals, paper, textiles, polychrome pigments, 
and so on. 
 
Common European strategy on conservation 
of Cultural Heritage and the Spanish National 
Plan on Preventive Conservation 
At a European scale, those aspects concerned 
with preventive conservation have only received 
a significant impulse in the last two decades 
from organizations such as the International 
Council of Museums (ICOM) or the International 
Centre for the Study of the Conservation and 
Restoration of Cultural Property (ICCROM). This 
latter promoted the meeting of Vantaa in Finland 
in 2000 (Vantaa Meeting, 2000). Principal 
foundations for a common European strategy on 
conservation of Cultural Heritage were 
established at this meeting. With respect to 
preventive conservation in museums the 
following lines of action were adopted: 
 
 Institutional planning. Institutions should 

establish priorities in preventive conservation 
based on studies in museums with public 
collections, giving raise to technical rules. 

 
 Developing strategies. Implantation of 

preventive conservation in museums through 
multidisciplinary groups of specialists from 
within and outside of museums, carrying out 
studies and procedures of risks assessment. 

 
 Training of specialists. Promoting knowledge 

of preventive conservation through post-
grade courses to stimulate scientific and 
technical research basic and applied to 
preventive conservation. 

 
 Dissemination and public awareness. Through 

internet and other information technologies, 
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as well as through international and national 
conferences and meetings to promote the 
exchange of information on preventive 
conservation. 

 
The first Spanish National Plan on Preventive 
Conservation was approved by the former 
Ministry of Culture (currently Ministry of 
Education, Culture, and Sport) in March, 2011. 
This plan includes all the lines of action adopted 
in the Vantaa Meeting as far as preventive 
conservation concerns (National Plan, 2011). 
 
A challenge for innovative procedures 
An accurate evaluation of the indoor and 
outdoor environmental characteristics, either 
outside the building or inside in exhibition halls, 
showcases, and holdings, can be a useful tool to 
reveal potential risks of chemical degradations 
and/or alterations of cultural goods, thereby 
allowing preventive decision makings on 
conservation of museum collections. 
 

 
Figure 1. (a) Exhibition halls of the Navy Museum of 
Madrid, and (b) the Technological Museum of Glass of La 
Granja. 
 
The design of new protocols of tracking and 
control through the development of 
environmental optical sensors (García-Heras et. 
al., 2005) and their corresponding portable 
electronic devices for in situ evaluation and 
measurement (Llorente-Alonso et al., 2013) is an 
innovative procedure applied to preventive 
conservation in museums. The following sections 
show two exploratory and outstanding 
experiences carried out in two different 
museums with very distinct characteristics: the 
Navy Museum of Madrid, and the Technological 
Museum of Glass of La Granja (Segovia) (Fig. 1), 
both located in Spain. The research is part of an 
ongoing project on the application of new 
methodologies for the management of 
preventive conservation in museums, whose 

main goals are aimed at implementing the 
existing Spanish National Plan on Preventive 
Conservation in all aspects concerned with 
environmental control in museums and within 
the framework of the principal lines of action 
mentioned above of the Vantaa Meeting. 
 
An outstanding experience in the Navy 
Museum of Madrid 
The Navy Museum of Madrid is a state institution 
devoted to conservation, dissemination and 
research of the Spanish Navy history. The 
museum belongs to the Ministry of Defense and 
was firstly founded in 1792 in Cádiz and 
definitely settled in Madrid in 1932. Its collection 
is rich and diverse, ranging from navigation 
instruments to ships’ models for shipyards. 
 

 
 
Figure 2. One of the sensors installed inside a showcase 
containing a fusil from a shipwreck (Navy Museum of 
Madrid). 
 
The outstanding experience consisted on the 
evaluation of its conservation environment, 
bearing in mind all the possible indoor situations 
and influence of the outdoor urban environment, 
which corresponds to a heavy traffic area of 
downtown Madrid. The evaluation was carried 
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out in June 2013 through 21 sensors installed in 
different positions, either indoor (in exhibition 
halls and inside showcases) (Fig. 2) or outdoor. 
 
Many of the pH results vary in the range 6.5-7.5 
(Fig. 3a), which indicates no dangerous deviation 
from the theoretical neutrality (pH=7), i.e. no 
acid risk is expected. However, the pH of the 
outdoor positions 2 and 21 (Fig. 3a) shows the 
largest pH variations and even some values 
below pH=6.0. These results are coherent with 
environmental pollution of an urban area with 
intense traffic. The values obtained can be of 
great relevance to inform on the risk of lengthy 
and indiscriminate ventilation that could be a 
threat for the conservation of collections. 
Concerning the average of the pH results (in the 
6.0-6.5 range) from positions 8, 13, and 16 
(inside showcases containing different materials), 
the sensors detected phenomena connected 
with acid emissions and with residual 
chlorides/sulphides in some materials. 

 
 
Figure 3. (a) Average pH values (black squares) recorded 
by sensors installed in indoor and outdoor positions. (b) 
Evolution of the environmental pH recorded in some 
representative indoor and outdoor positions (Navy 
Museum of Madrid). 
 
When starting an investigation campaign on 
objects of cultural heritage, sampling methods,  
Figure 3b shows the pH evolution with time for 
some representative positions during the 

evaluation carried out. It is important to note 
that after 24 h of continuous exposure of 
sensors, the pH values obtained are stabilized 
and their response is reliable enough to be 
considered the equivalent pH of the air. The 
sensor 2, installed in a balcony facing the Paseo 
del Prado street, recorded the most acid 
environment. Those data taken after 100 h of 
exposure were not depicted since the pH values 
fall outside the corresponding calibration curve 
of that sensor. The evolution of the sensor 16, 
installed inside a showcase containing several 
corroded weapons, presents a strong pH 
decrease after 25 h of exposure and then a 
stabilization near pH=5.8. This is due to an acid 
local environment which causes corrosion of 
metallic elements. The sensor 17 shows a stable 
pH evolution close to 7.0, which is the 
representative environment of the indoor 
exhibition halls. The pH evolution in position 19 
is stable in the 6.5-7.0 range, which is due to a 
local environment originated by small acid 
emissions from materials contained inside the 
showcase in which the sensor was installed 
(paper, leather, textile, metals, etc.). 
 
The experience in the Navy Museum of Madrid 
indicated that this museum undertakes a proper 
management of air and ventilation procedures, 
which means that the building behaves as an 
effective barrier against urban pollution. Building 
materials such as mortars, paint and textile walls, 
panels and other decorative and exhibition 
elements contribute to absorb residual 
pollutants and outdoor moisture. 
 
An outstanding experience in the 
Technological Museum of Glass of La Granja 
(Segovia) 
The Technological Museum of Glass of La Granja 
is placed in the former building of the Royal 
Glass Factory, constructed in the time of the king 
Charles the Third and refurbished in the 80s of 
the twentieth century. The museum belongs to 
the National Glass Centre Foundation and its 
collection is almost entirely formed by glass 
items from sixteenth century to contemporary 
glass artworks. 
 
In this case, the outstanding experience also 
consisted on evaluating the conservation 
environment indoor and outdoor the museum. 
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The evaluation was carried out in July 2013 
through 18 sensors installed in different 
exhibition halls (Fig. 4), in the area of modern 
glass production, in the library (room 
environment and inside the sheets of some 
ancient books), as well as outside the building to 
check the outdoor environment. 
 

 
 
Figure 4. One of the sensors installed outside of a 
showcase containing glass items (Technological Museum 
of Glass of La Granja). 
 
Figure 5a shows that pH average values from 
most of the indoor sensors (V1 to V14) vary in 
the range 6.5-7.5, which indicates an essentially 
neutral pH. Moreover, sensor positions show a 
considerably stability against changes of the 
environmental pH. In the library, the lowest pH 
average value (pH=6.7) corresponds to a sensor 
installed inside the sheets of a book of 1907 
(V12), while results from more ancient books of 
1757 (V10) and 1873 (V11) were 7.0 and 7.2, 
respectively. This small difference can be 
explained by the acid emissions of the paper 
produced by modern industrial procedures. On 
the contrary, the outdoor positions V15 to V18 
(Figure 5a) show the largest pH variations which 
are located in the acid range 5.7-6.4. The 

differences between maximum and minimum 
values of pH highlight the instability of these 
positions against the outdoor acidity. These 
results indicate that in the external façades of the 
building where traffic circulates the 
environmental pH is lower than 6.0 (e.g. position 
V18), while in some internal courtyards (e.g., 
position V15) the air quality is better (pH=6.4). 

 
Figure 5. a) Average pH values recorded by sensors 
installed in indoor (black circles in the museum halls and 
black squares in the library) and outdoor (black 
rhombuses) positions. b) Evolution of the environmental 
pH recorded in some representative indoor and outdoor 
positions (Technological Museum of Glass of La Granja). 
 
Figure 5b shows the pH evolution with time for 
three representative positions. The V1 sensor, 
installed at the rear of the glass melting furnace, 
shows a decreasing trend of pH values, which 
indicates an acidic environment in the 
surroundings of the furnace. This is probably 
promoted by the glass raw materials and/or the 
furnace combustible (natural gas). The pH 
evolution of the V14 sensor, located in the library 
hall, is characteristic of a stable area against 
acidity changes. These values are very similar to 
other indoor positions in the museum (pH ~7.0), 
which confirm that preventive conservation 
conditions are adequate either in the museum or 
in the library. The evolution of pH for the V15 
sensor also exhibits a decreasing habit coherent 
with values recorded by other outdoor sensors, 
even though the most acid values were 
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registered by the V16 sensor (pH=5.7) installed 
in the outside façade of the building housing the 
laboratory. In outdoor positions, the possible 
degradation of sensors due to weathering or 
aging processes is not suspected, since the 
period of evaluation was as short as seven days. 
 
The experience in the Technological Museum of 
Glass of La Granja likewise indicated that this 
museum has an appropriate environment for 
preventive conservation of its collections, which 
are almost entirely formed by glass items. Such 
experience has served to completely exclude the 
acid risk, which results especially dangerous for 
conservation of glass cultural goods when 
combines with an elevated relative humidity. In 
this case, the results also mean that the own 
building contribute to absorb outdoor moisture 
and pollutants. 
 
Concluding remarks 
The application of new methodologies for 
tracking environmental parameters, such as pH, 
for the management of preventive conservation 
in museums is an innovative avenue in the issue 
of Cultural Heritage conservation. The 
development of a systematic method of work to 
identify, asses, and control risks of deterioration 
is a more effective and economical strategy than 
curative conservation since a direct intervention 
in cultural goods is not required. Such innovative 
strategy is in agreement with the main lines of 
action of ICCROM foundations for European 
Cultural Heritage care and constitutes an 
implementation of the Spanish National Plan on 
Preventive Conservation. The systematic method 
of work has proved to be useful in two 
exploratory and outstanding experiences carried 
out in two different museums: the Navy Museum 
of Madrid, and the Technological Museum of 
Glass of La Granja (Segovia). In both cases the 
method has not only served to confirm that they 
have an appropriate environment for 
conservation of their collections, but also to 
count on an effective tool of alert for those 
specific places and showcases in which some 
potential risks can be detected. 
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