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Microclimatic Measurements and Laboratory Research in Historical Buildings 
with Medieval Wall Paintings at Croatian Adriatic Coast 

In t roduc t ion 

Since 2001 the Department of Wall Paintings and Mosaics 
Conservation and ihc Science Laboratory (Croatian Conserva-
lion Institute) have been systematically observing changes of 
microclimatic conditions in historical buildings with wall paint­
ings and mosaics . The research is f inanced by the Croatian 
Ministry of Culture. Düring the last five years, microclimatic 
condi t ions were observed in seventeen historical buildings 
in inland and coastal parts of Croatia.1 In addition to measuring 
air temperature ( °C) and relative humidity ( rH%). in some 
buildings the temperature of the walls was also measured using 
the e lectronic device Testo data logger and the programme 
Testo Comfort Software basic. In these fully financed projects, 
the types and values of water-soluble salts were defined using 
chemical qual i ta t ive and quant i ta t ive analyses 2 and X-ray 
diffraction3 ; microbiological analyses were carried out when 
needed.4 

The historical buildings in Zadar. Dubrovnik and Ston with 
fragmentarily preserved medieval wall paintings which are pre-

sented in this paper are typical examples of the prcsent condi-
lion of this kind of historical monument on the central and 
southern Adrialic coastline in Croatia. Included are the resulls 
of laboratory examinations and two-year continuous microcli­
matic measurements in the apse of the south nave in the Cathe­
dra] of St Stosija (St Anastasia) (Fig. 1-2) and in the room on 
the first f loorof the bclfry of St Mary 's Church in a Benedictine 
convent in Zadar (Fig. 3-4) . From Dubrovnik. results are prc-
sented from microclimatic measuremenls in the subslructure of 
the Cathedral of Our Lady (Fig. 5 - 6 ) and from preliminary lab­
oratory research in the room above the sacrisiy in the Francis-
can monastery Mala brac'a in which microclimatic measure­
ments have not started yct because of construction work bcing 
done on the first floor (Fig. 7-8) . In addition to these monu-
ments in urban settings. this paper discusses a valuable monu­
ment of Early Romanesque architecture, located on an isolated 
hill close to Ston (the small Church of St Michael) (Fig. 17-18). 
which represents a group of historical buildings with fragments 
of wall paintings al isolated locations that are hard to approach 
for control and maintenance.5 

Zagreb. Sl Mark's Church. South Pönal; Ludbreg. Municipal Wed­
ding Hall; Ludbreg. Balthyany Castle. Chapel of St Cross; Sv. Kriz 
Zacretje, Chapel of St Anne; Gornja Stuhica - OrSic Castle. Cha­
pel of St Francis Xavier: Senkovec. Chapel of St Helena; Strigova. 
Church of Sl Jerome; Varazdin, Franciscan Monastery. Pharmacy; 
Sv. Ivan na Gorici. Church of St John; Oprtalj. Church of St Hele­
na; Slum. Church of St Matthew; Zadar. Cathedral of St Anastasia; 
Zadar. Belfry of the Church of St Mary; Dubrovnik. Kersa Palace; 
Dubrovnik. Cathedral; Ston. Church of St Michael; Pula. Cathe­
dral. 

2 Quantitative and qualitative chemical analyses of salts were carried 
out in the Science Laboratory of the Croatian Conservation Institute 
and in CEMTRA. Ltd. in Zagreb (Department for Products- Quality 
Control). 

3 Research of this type was carried out in the Mineralogic-Pctrogra-
phic Institute of Science-Mathemathical Faculty in Zagreb. 

4 Microbiological research was carried out at the Faculty of Chemical 
Engincering and Technology of Zagreb University. 
In the mcantime measurements have begun in Ihc small Church of 
Sl John at Silovo selo on Sipan island (Dubrovnik archipelago). 

ft Daniel V. THOMPSON. The materials and techniques of medieval 
paintings. New York, 1956. p. 72. 

7 Giusepe BERSA. L'arca e la Cappella di S. Anastasia nel duomo di 
Zara. in: Bollettino di Archcologia e storia dalmata XXXI. 1908. p. 
11- 26; - Nada KI.AIC* and Ivo PETRICIOLI, Zadar u srednjem vijeku 
II (do 1409.). (Zadar in Middle Ages. tili 1409) Zadar 1976. p. 266-
267. - In this apse, in semi-dome there was a depiction of Christ on 
the throne, holding the open book in his left hand with the sentence 
"Ego stim Alpha et Omega", on the left side of Christ there was a 
depiction of St Thomas Becket in archbishop's clothes with the sign 
"S. Thomas cantuarbensis". and St Anastasia was depicted right 
from Christ. A series of standing saints' figures was depicted below 
them. Yet in the year 1976 one could see only small fragments of 
Christ's figure and the throne, the lower pari of St Thomas Beckers 
figure. and in only one head and a pari of another one in central 
zone. 

Pas t 

Fragmentation of medieval wall paintings and its causes 
"TEMPUS EDAX RERUM" 

Fragmentation of the wall paintings discussed here is the result 
of human destructive acts and of deterioration caused by natu­
ral processes occurring over the course of time. Examples of 
deterioration of wall paint ings caused primari ly by natural 
processes are the wall paintings in the south apse of the Cathe­
dral of St Anastasia and in the room on the first floor of the bel­
fry of St Mary's Church in Zadar, as well as the paintings in the 
Church of St Michael near Ston on the Pcljesae peninsula. In all 
three of these buildings the preserved fragments of wall paint­
ings were discovered in the last Century under several layers of 
plaster and lime coatings which were applied because of the bad 
condil ion of the wal ls (or possibly also as part of regulär 
hygienic measures following plague epidemics) rather than for 
change of fashion.6 

Wall paintings from the last quarter of the 13lh c. (1284), dis­
covered in 1905 in the northern apse of Zadar Cathedral. were 
mostly deteriorated immediately after their discovcry. Looking 
at the problem from today's perspective, it would have been bet­
ter if they had not been discovered at all. espccially considering 
the fact that not only the valuable wall paintings but also the 
interesting iconographic programme that decorated that apse 
(5. Thomas Becket) were lost.7 The actual causes of their dete­
rioration after discovery are not known. However. judging from 
the fragments of wall paintings in the south apse of the cathe­
dral, it cannot be very wrong to presume that, apart from possi-
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ble inadequate restoration. their condition at the lime and thc 
microcl imate in the cathedra] also contributed 10 their dete-
rioration. After removal of several layers of l ime coatings and 
plaster that protected the wall paintings from härm caused by 
crystallisation of salts on their surface and the area close to it. 
the destruct ive processes in fact cont inued at a fas ter pace. 
destroying the Monaco and the painted layers that were partly 
damaged earlier (Fig. 2). 

Wall paintings from the first half of the I 2 l h c . on the first f loor 
of the belfry of St Mary ' s Church in Zadar were discovered 
through an unhappy concurrence of events. fo l lowing heavy 
destruction of ihe town's centre just before the end of the Sec-
ond World War. Among other buildings. the convent complex. 
including the church. the Capitulum Hall and the Convent. suf-
fered damage. whereas the belfry remained unharmed. Because 
of sirong detonations in close vicinity to Ihe belfry, the upper 
plaster layers that covered the wall paintings feil off . 8 Conser-
vation-restoration research proved that the paintings had been in 
fragments before they were covered with plaster and lime-coat-
ed . and that iheir destruction was mainly caused by natural 
processes of delcrioration. Rainwater flowing down the open-
ings of the belfry for centuries onto ihe vaull and walls of ihe 
room on the first lloor. together wilh specific microcl imat ic 
condi t ions . contr ibuted to rapid dcieriorat ion of the painted 
layer. iiuonaco and lower plaster layers (Fig. 3). 

: t 

Fig. 2. Zadar. Cathedral of St Anastasia (Sv. SloSija). soulh apsc. wall 
painting. detail: lypical delcrioration of paini layer. 

Fig. 3. Zadar. Sl Mary's Church, belfry. soulh-east wall, wall painting. 
detail: sali efflorescences. 

> Fig. 5. Dubrovnik, Cathedral of Our Lady, ruins of the fornier Bizan-
line Cathedral wilh remains of wall paintings (second half of l l l h 

Century). 

> Fig. 6. Dubrovnik. Cathedral of Our Lady, wall painiings (see fig. 5). 
detail: white Square shows staie of conservalion before cleaning in 
1982-1984. 
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Fig. I. Zadar. Cathedral of Sl Anastasia (Sv. Stosija). soulh apse. wall 
p.iinting (c. 1284). detail. 

Fif. 4. Zadar. St Mary's Church. belfry, south-easl wall, wall painting 
(first half of I2 ln ceniury). detail: Christ. 
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Fig. 7. Dubrovnik. Franciscan Monasiery Mala braca. room above 
sacristy vauli. wall paintings (firsi half of 14,h Century), detail (after 
excavation). 

cathcdral was crected in ils place. If data about changes in the 
Adriatic sea levd (aecording to which the level dsea approxi-
matelv 1 mm a year) could be at least partly considered and 
applied to Dubrovnik. then sea level could have risen as much 
as 60 cm in the period from the 6 , h lo the 12 ,h c.1' However. even 
a risc in sea level of half this much could have caused problems 
in ihat period; hence the cathedral was ereclcd on the heaped-
up area. One more fact leads to the conclusion ihat desiruction 

In terms of the material of the intonaco, which consists of 
slaked Ihne and sand together with a lot of brick-powder. wall 
paint ings f rom the be l f ry of St Mary ' s Church in Zadar 
are similar to those in the Church of St Michael near Ston. 
Augmentat ion of the paintings in Ston. from the second half 
of the 1 l , h c , is caused by capillary moisture in the foundation 
which completely destroyed the paintings on the lower parts 
of the wall, ra inwater leaking through the badly maintained 
roof. and perhaps also the impact of airborne salts from the 
sal t-pans near S ton (still the subject of rescarch) (Fig. 13 
and 18). 

As opposed to deter ioral ion primarily caused by natural 
processes , in the example s f rom Dubrovnik human impact 
caused the worst harm to the wall paintings. although it is pos-
sible ihat primary damages caused by natural processes aide 
behind the harm done by humans. Thus the actual cause ol the 
ruin of the original Byzantine cathedral from the 6 l h c . with its 
wall paintings from the second half of the 1 l , h c . might in fact 
he found primarily in the slow but continuous rise of sea level 
and possible flooding of its lower parts (the naves). In the 12ül 

c the Byzantine cathedral was pulled down, and a Romanesque 

8 Croatian Conservation Institute. Archive, dossier no 59/4. 
9 G . D i DONATO. R. SABADINI. L .L .A . VI-RMEERSEN. A . M . NEGREDO. 

E. CARMINATI. Multi-Disciplinary approach to sea-level change in 
the Adriatic area and in the Po-Delta: insights htm tnodelling and 
stratigraphy analysis. IGBP/GAIM Report Series Report 8. EGS 
Vening Meines/. Conference I: "Global and regional Sca-Lcvel 
Changes and the hydrological eyele". October 4-6. 1999. Loiri-
Porto San Paolo. Sardinia Italy - http://gaim.sr.unh.eduiPnxlucis/ 
Reports/Report_8/report8.pdf - South-Westem coast of England 
sinks 2 mm a year. Sonic Roman p lace in London had heen buill 
5 m under the actual sea level. Features of Sea-Level Change (October 
2004). 

fr. 

Fig. 8. Dubrovnik. Franciscan Monasiery Mala braca. room above 
sacristy vaull. detail: angel (aftei cunscrvalion-rcstauration). 
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Fig. 9. Table showing harmfulness of salts, according to Ausirian 
Standard B 3355-1. 
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Fig. 13. Table showing concentralion of Ihe main salls in sea water of 
Mediterranean. 
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Fig. 10. Table showing laboratory analysesof Chlorides (Cl*) forZadar. Fig. 14. Zadar. Cathedra! and Belfry: Table showing parallel measur-
Dubrovnik and Slon. ings of leinperature and relative humidity. 
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Fig. I I . Table showing laboratory analyscs of nitrates (NO}*) for 
Zadar. Dubrovnik and Ston. 

Fig. 15. Dubrovnik. Cathedral of Our Lady (above) and Kersa palace 
(bclow): Table showing parallel measurings of temperature and relati­
ve humidity. 

Fig. 12. Table showing laboratory analyses of sulphates (S04
2") for 

Zadar. Dubrovnik and Ston. 
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Fig. 16. Table showing salts and averagc value of temperature ("C) and 
relative humidity {%) and equilibrium of relative humidity for Zadar. 
Dubrovnik and Ston. 
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of the Byzant ine cathedral could have been caused by ihe rise 
in the sea level: the f loor of ihe R o m a n e s q u e cathedral was 
placed at a much h igher point in relation to the floor of the for­
mer ca thedra l . w h o s e wal l s we re demol i shed to a height of 
somewhat more than 2 m above the floor. T h e main reason for 
(hat could have been an effor t to avoid possible flooding in the 
in l ine ' 0 (Fig. 5 - 6 ) . 

An example of f ragmenta t ion of wall paintings from the first 
half of the I4 l h c. where damage was mainly caused by human 
impact involves the paint ings preserved on the walls above the 
vault of the sacristy in the Franciscan monastery Mala braca in 
Dubrovnik. The initial damage to the wall paintings occurred on 
the eastern wall of the sacristy af ter a chapel with an altar was 
added there at the end of the 15 ,h c. Soon after replacing the 
original wooden beam in the sacristy with a vault made of stone 
and tufa. the wall paint ings above the vault. which were dam-
aged but still visible. were buried under rubble material. What 
happened to the wall paint ings in the sacristy remains unknown: 
the results of prel iminary conservation-restoration probing were 
negative (Fig. 7 - 8 ) . 

P resen t 

Summary of results of microclimatie measurements and lahora-
tary analyses 

"NATURA NON FAC/TSALTUS" 

The primary aim of the research on the condition of the wall 
paintings in the buildings mentioned was to discover the causes 
of their rapid deteriorat ion and to evaluate the role of the micro-
climate in these processes. T h e following steps concern analy­
ses of the results and establ ishment of acceptable solutions for 
stabilising microcl imat ie condit ions in rooms with wall paint­
ings. 

I . a b o r a t o r y r e s e a r c h had been carried out sporadically over 
longer periods of t ime in some buildings. and results from the 
last few years. e.g. in Ston. prompted the beginning of system-
atic microcl imat ie measurements . 

The analyses of salts carried out so far showed thal carbon-
aies ( C 0 3 ) and hydrogen carbonaies ( H C 0 3 ) are found in 
samples f rom Z a d a r ( the be l f ry of St M a r y ' s Church) . 
Dubrovnik (the Franciscan monastery Mala braca) and Ston 
(Church of St Michae l ) . Calcite ( C a C 0 3 ) was ident if ied 
by X-ray diff ract ion in all three buildings: in addition nesque-
honite ( M g C O , 1 3 H 2 0 ) was found in Zadar. hydromagnesite 
( M g 5 / O H ( C Ö 3 ) 2 / 2 4 H 2 0 ) in Dubrovnik and dolomiie 
(CaMg ( C O , ) 2 ) in Ston. 

Chlorides ( C D were identified in harmful concentrations in 
samples f rom all the buildings analysed. The concentration of 
Chlorides is Iower than 0 .21% in Dubrovnik. and higher in Ston. 

Based upon analyses of results of archaeological research it is sup-
posed that the sea level in Dubrovnik rose approximately 2 metres 
in the last 2(KX) years: at the same time the uround level of the coast 
sank approximately 1 metre. so the total rise of sea level is approxi­
mately 3 metres. Antun NICCTI(\ Povijcst dubrovaOke luke. Dubrov­
nik 1996 . p. 23. 

where it reaches 0.38' . ; . However. it should be emphasised that 
the samples taken f rom Ston were f rom new plaster. In both 
buildings in Zadar the concentrat ion of salts is much higher; in 
the cathedral it reaches 1.21 %, and in two samples taken from the 
belfry the defined concentrations were 3.5% and 5.8%. Hallte 
(NaCI) was identified by X-ray diffract ion (Fig. 9 and 10). 

Nitrates ( N 0 3 ' ) were found in harmful concentrations in the 
belfry of St M a r y ' s Church in Z a d a r and in the Church of 
St Michael in Ston. The highest concentra t ion in Zadar was 
0.83% and in Ston was 0 .390%. Possibly harmful concentra­
tions of nitrates were also found in the Franciscan monastery 
Mala braca in Dubrovnik (0 .12%) (Fig. 9 and I I ) . 

The ha rmfu l con ten t s of soluble sulphates ( S O 4 ) we re 
defined by evaporation in both buildings in Zadar: they were 
absent in Dubrovnik. but present in possibly harmful concen­
trations in Ston. Thenardite ( N a 2 S 0 4 ) was found in the belfry 
of St Mary ' s Church in Zadar and in the Church of St Michael 
in Ston; in addi t ion gypsum ( C a S 0 4 " 2 H 2 0 ) , hexahydrite 
( M g S 0 4 6 H 2 0 ) and epsomite ( M g S 0 4 7 H , Ö ) were identified 
(Fig. 9 -12 ) . 

The summary of periodic laboratory analyses of salts in plaslers 
f rom the two churches in Zadar carried out so far showed a 
gradual growth of chlorides (CT) and sulphates ( S 0 4 " ' ( f rom 
1973 to 2001. In the Cathedral of St Anastasia chlorides (CaCI2 

and MgCI 2 ) and sulphates (MgS() 4 ) measured less than 1.00% 
in 1973: in 2001. analyses showed that both chlorides and sul­
phates had increased to more than 1.00%. Analyses from 1971 
proved that concentrat ions of chlorides (CT) in the belfry of 
St Mary 's Church were harmful (1.02% and 0.57'/r). and con­
centrations of sulphates ( S O 4 ) were possibly harmful (0.16% 
and 0 .24%). Analyses in 2001 showed a slight increase of chlo­
rides (0.74% and 1.05%) and a significant increase of sulphates 
(3.28% and 2.30%). A number of stone samples f rom the wall 
on the first f loor of the belfry of St Mary ' s Church were also 
analysed in 2003. At that time. all analysed samples had harm­
ful concentrations of chlorides (CK) and sulphates ( S 0 4 "). and 
five of seven samples measured had harmful concentrations of 
nitrates ( N 0 3 ) . 

Preliminary research on water-soluble salts and microbiologi-
cal investigations were carried out on the recently discovered 
f ragments of wall paint ings in Ihe room above the vault of Ihe 
sacristy in the Franciscan monastery Mala braca in Dubrovnik. 
In the analyses of water-soluble salts carried out so far. possi­
bly harmful concentra t ions of chlorides (CI ) were found in 
onc. and harmful concentrat ions in two, of four analysed sam-
ples : nitrates (N0 3 ~) were a l so found in poss ib ly h a r m f u l 
concent ra t ions . T h e ca rbona tes calcite ( C a C 0 3 ) and hydro­
magnesite ( M g 5 / O H ( C 0 3 ) 2 / 2 4 H 2 0 ) were def ined by X-ray 
diffraction. 

Based on laboratory analyses of plaster samples and crystal-
lised salts f rom the Church of St Michael in Ston carried out so 
far. it could be concluded that certain types of harmful salts are 
determined by the very strueture of the wall paintings' support , 
the use of s laked l ime of do lomi te or igin. Th i s could then 
explain the presence of magnesium sulphate in several forms 
(epsomite. hexahidrit). Never thc less . its appea rance can be 
related to airbornc salts that could make their way f rom the sea 
in wind-dr iven rain. T h e idenl i f icat ion of haltte (NaCI) and 
ha rmfu l concen t ra t ions of chlorides in all the bu i ld ings 
analysed also lead to the same eonclusion (Fig. 13). 
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Fig. 17. Ston. Church of St Michael, inierior. wall paintings (second 
half of II"1 cemury). detail. Fig. 19. Zadar. Cathedral of St Anastasia (Sv. Slosija). south apse. wall 

paintings (1971). 

The two-year average of mic roc l imat ic m c a s u r e m e n t s in two 
buildings in Zadar proved that there wei t also larger aberrations 
in iheir microclintatic conditions. Mcasurements in the south 
nave apse of Saint Anastasia 's Cathedra! showed that +23.19 °C 
was ihe average air temperalure in the spring-summer period, 
and the average relative air humidi ty was 64 .17%. In t he 
autumn-winter period +15.45 °C was the average air tempera-
ture. and the average relative air humidity was 56.629t. Meas-
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Fig. 18. Ston. Church of St Michael, wall paintings (see fig. 17). detail 
sali ineru.station. 

urements earried out at the same tinie OD the G m lloor of the 
belfry of St Mary ' s Church showed a microclimale similar to 
that in the cathedral during the sp r ing - summer period - the 
average air temperature inside the belfry was +22.56 °C. and 
the relative air humidity was 68.49%. However. in Ihe autumn-
winter period the average air temperature inside the belfry was 
+ 12.02 °C. while the relative air humidity was 70.22%. The dif-
ference in the autumn-winter period appeared partly due to cen­
tral heating in the cathedral . and in the belfry of St Mary's 
Church probably due to insufficiently sealed openings bclween 
the belfry and the Capilulum Hall, f rom which heated air flows 
into the belfry and condenses on the walls of the first lloor rOOffl 
(Fig. 14). 

Mcasurements over one year in the substrueture of the Cathe­
dral of Our Lady in Dubrovnik showed air temperature oscillfr 
tions f rom +7.0 °C in Fcbruary to +20.6 °C in August. The rel­
ative air humidity oscillated between 60.9% and 99.71% during 
the year. Both ex t reme points of relative air humidity were 
measured in February. at an interval of two weeks . while the air 
temperature oscillated between + 8 . 0 °C and +7 .7 °C. i.e. 0 .3 °C 
(Fig. 15 above). The results of measuring air temperature (°C) 
and relative air humidity (rH) in Kersa l 'alacc. localcd approxi-
malely 3(X) m f rom the cathedral in Dubrovnik. should be men-
tioned for comparison (Fig. 15 below). T h e temperalure was 
measured in an unheated room on the Brat l loor of Ihe palace, 
with Windows to the west. On the s ame day that the lowest per-
cent of 60.09% relative air humidity with an air temperature of 
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+8.00 °C was measured in the cathedral (February 12. 2004 at 
14:00 h), the measurements in Kersa Palace showed a relative 
air humidity of 29.70% and an air temperature of 13.81 °C. On 
the day with the highest percent of relative air humidity in the 
cathedral in the year (99.71%) and an air temperature of 7.7 °C 
(February 26, 2004 at 23:00 h). the measurements in Kersa 
Palace showed 83.20% relative air humidity and an air temper­
ature of 15.08 °C. Measurements are just going to begin in the 
room above the sacristy vault in the Franciscan monastery Mala 
braca in Dubrovnik. 

In the Church of St Michael near Ston on the Peljesac peninsu-
la. preliminary analyses of water-soluble salts have been carried 
out, and microciimatic measurements were staned in the sum-
mer of 2004. Their results relate only to pari of the summer and 
early autumn period of the year 2004. Düring the measurement 
period the lowest air temperature was +18.30 °C and the high­
est was +29.82 °C, while relative air humidity oscillated between 
27.60% and 80.90%. 

k - V 

Future 

Possible Solutions for the mkrocliwate in the conservatiön and 
presentation of wall painiings 

"TEMPORA MUTANTUR (NOS ET MUTAMUR IN ILLIS)" 

Based on these reflections, it can be concluded that the problem 
of increasing fragmentat ion of the support of the painted layer 
in the south apse of Saint Anastasia 's Cathedral in Zadar could 
be solved in a manner similar to one suggested some thirty 
years ago: either by taking the wall paintings off the wall, con-
serving both the wall and the wall paintings. and rcturning the 
wall paintings in situ; or by trying to stabilise the microclimate 
in the apse of the south nave, af ter which certain conservation-
restoration procedures can be applied to the wall paintings with-
out taking them off the wall. Considering the fact that both 
actions require stabilisation, it seems safer to preserve the wall 
paintings and carry out all procedures needed to conserve them 
without removing them. However, on the other hand. if these 
actions are not undertaken as soon as possible. it could be too 
late for the wall paintings, and so the firsl Solution mentioned 
should not be incautiously refused (Fig. 19-20) . One of the 
ideas for improving microciimatic conditions in the south apse 
is to install a glass partition between the apse and the nave, so 
that the apse would be isolated and an adequate microclimate 
would be easier to establish (Fig. 21). 

The discovery of large quantities of water-soluble salts in the 
stone and in analysed plaster samples after all the necessary 
steps had been taken to prevent rainwater f lowing along the 
openings at higher floors of the belfry ofSt Mary's Church led 
to the conclusion that solving the problem of harmful effects of 
salts should also include Stabilising microciimatic conditions in 
the room in which the wall paintings were located and in the 
rooms that Surround it directly (the stairway and the narrow 
passage between the ground-level entrance and the stairway) 
(Fig. 22). In view of the results from temperature (°C) and rel­
ative humidity (%rH) measurements carried out so far on the 
first f loor of the belfry. a detailed study of stabilisation of its 
microclimate is planned. This study anticipates that Ihe first 
floor room should be closed off by a glass partition towards the 

Fig. 20. Zadar. Cathedral of St Anastasia (Sv. StoSija), south apse, wall 
paintings (2004). 

Capitulum Hall and the stairway isolated from the hall by a 
glass door. The partitioning of the Capitulum Hall by means of 
a glass wall in front of the belfry in the line of two semi-
columns is also being taken into consideration. The plan also 
anticipates stabilisation of the microclimate in the narrow pas­
sage between the belfry. the church and Ihe altic of the Capitu­
lum Hall, which leads lo ihe stairway to the upper belfry floors. 
One of ihe most delicate questions in ihe microclimate project 
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Fig. 21. Zadar. Cathedral of St Anastasia (Sv. Stoäija). floor plan: anti-
cipated glass partiiion bciween souili nave and apse. 
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will involve selecting the stable value for the temperature and 
relative humidity in the room on the first f loor of the bclfry, 
cons ider ing the fact that analyses of salts showed that the 
analyscd salts are of different equilibrium relative humidity 
(Fig. 16) ." 

In the two historical buildings in Dubrovnik the discovery of 
fragmentary remains of wall paintings that had been preserved 
for eenturies under heaps of rubble material (in the Franciscan 
monastery) or earth (in the cathedral) produced problems about 
how lo eonserve and present them. The ineasurements of tem­
perature (CC) and relative humidity (%rH) taken in the substruc-
ture of the Cathedral of Our Lady in Dubrovnik. showed that 
the actual microclimatic eonditions did not harm the discovered 
fragments of wall paintings. at least not visibly (Fig. 6), so the 
resulls of these measurements will be direct indicators for the 
architects as they work out how to present these discoveries to 
the public. The Baroque cathedral was seismically retrofitted in 
the 1980s. The f indings of o lder architectural layers of the 
cathedral were preserved by mcans of construetive interven-
tioiis, and they can be seen under the present lloor of thick con-
crete block. On the insulation board attached to its lower side 
there are visible Condensed water drops that are dripping all the 
timc (Fig. 5). In the substrueture space there are also visible 
puddles of water (i.e.. sea level is higher than ground level at 
these locations in the space under the cathedral). However. in 
gcneral there are no damages visible on the wall paintings. 
although it should be emphasised that water-soluble Salt sam-
plcs were not analysed during microclimatic measurements, so 
the possible harm that could occur due to significanl lowering 
of humidity is not predictable. The ideal projeel for presenta-
tion of the room under the cathedral and in front of it. made in 
the spring of 2004. involves a plan to present these older sub-
struetures to the public as a museum. The project speeifies the 
"lack of space in Walking areas and the necessity of maintain-
ing a special cl imaie" and researchers therefore suggest visits in 
groups of not more than twenly people. Visits to the museum 
are planned to last 10-20 minutes and to include not more than 
a thousand visitors a day. 

The recent accidental discovery of wal l-paint ing f ragments 
from the 14 ,h Century under the present f loor above the sac-
risty vault in the Franciscan monastery Mala braca in 
Dubrovnik made the comprehensive construetion work on the 

l-'ig. 22. Zaclar. St Mary's Church, lloor plan: anlieipaied glass par-
titions between belfry and CBpitulum hall as between capiiulum hall 
Bnd Mairway. 

first l loor of the eastern monastery wing even more compli-
cated. After discovery of the f ragments , the quest ion of their 
conservation and protection arose. In view of the fact that six 
rooms, three of them with a ba throom, were being planned 
above the sacristy. the initial plan was to take the paintings off 
the wall, put them on a new support and display them on the 
walls of the cloister. However. this was not aeeepted by con-
servators and restorers. who insisted on protection of the wall 
paint ings in situ. The project now ant ie ipates Controlling the 
condit ion of the wall paintings by means of several openings 
in the f loors of the newly built rooms above. Research carried 
out so far included X-ray diffract ion of samples of crystallised 
salts on the surface of the wall paintings; qualitative and quan­
titative chemical investigations of sali samples f rom pulps and 
microbiological research on samples of fungi from cellulose 
pulps. Their results warned of potential problems to be expect-
ed soon if a stabile microcl imate is not established in the new 
small space s andwiched be tween the vault and the lloor 
(Fig. 23-24) . Microcl imatic measurements in the interposed 
space above the sacristy vault are therefore planned for aller 
terminat ion of the cons t rue t ion work . which will close the 
space off completely. The project antieipates using tubes built 
into the wal ls which will connec t the s p a c e with the wall 
paint ings to the attic and provide passive Ventilation. In case 
such Ventilation is not adequate. the tubes could be used for 
addi t ional act ive Ventilation (br inging in air with a certain 
temperature and humidity). Video-controls will be used for the 
long-term control of the wall paintings' condition. 

S u m m a r y 

The text presents the results of mcasuring temperature ("C) and 
relative humidity (% rH). together with the results of qualitative 
and quanti tat ive chemical analyses and X-ray diffract ion ol 
water-soluble salts, and microbiological analyses that were car­
ried out so far in a few historical bui ldings with remains of 
medieval wall paintings at central and south pari of the Croat-
ian Adriat ic coas t (the south nave apse of Saint Anastasia 's 
Cathedral and the room on the first floor of the belfry of St 
Mary ' s Church in Zadar: the substrueture of Cathedral of Our 
Lady and the room above the vault in the Franciscan Monastery 
Mala braca in Dubrovnik; Church of St Michael near Ston at 
Pcljesac peninsula). The researches in the buildings were car­
ried out with the purpose to determine their microclimatic eon­
ditions and relevant factors that these eonditions influence deci-
sively, like water-soluble salts and microbiological damages, so 
the satisfactory eondi t ions of protection and conservation of 
wall paintings could be chosen based upon these results. The 
laboratory researches and microclimatic measuring carried out 
so far showed that stabile microcl imate should be provided. 
considering ihe equilibrium relative humidity (<pR

c/f) of present 

11 Andreas ARNOLD and Konrad ZKHNDHR. Monitoring Wall Painiings 
affecied by soluble Salts. in: The Conservation of Wall Paintings 
(Proccedings of a Symposium organi/ed by ihe Courtland Institute 
of Art and the Paul Getty Institute. London. July 13-16. 1987). 
Getly Conservation Institute 1991, pp. 103-135: Cliford PR» I A " 
Experi Chemical Model for determining ihe environmental tO0-
dilions needed lo prevent sali damage in porous materials. European 
Communites. 2000. 
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Fig. 23. Dubrovnik. Franciscan Monastery Mo/« fcrtjca, room above sacristy vaull. east wall: graphic documenialion of conservalion-rcsiauralion 
works. 

water-soluble salls, which is one of the basic prerequisite con-
ditions for preserving ihe remained fragments of medieval wall 
paimings. 

Zusammenfassung 

Raumklimatische Messungen und Laboruntersuchungen 
in Denkmälern mit mittelalterlichen Wandmalereien an 
der kroatischen Adriaküste 

Der Beitrag referiert d ie Ergebnisse naturwissenschaft l icher 
Untersuchungen, mit denen die Schadensursachen bei einigen 
stark gefährdeten Zeugnissen mittelalterlicher Wandmalerei in 
Kroatien analysiert wurden. Es handelt sich um Denkmäler an 
der mittleren und südlichen Adriaküste, im einzelnen um die 
Siidapsis der Kathedrale Sankt Anastasia und eine Obergeschoß­
kapelle im Glockenturm der Marienkirche von Zadar. um die 
Unterkirche der Kathedrale Unserer Lieben Frau in Dubrovnik 
und einen Raum Uber der Sakristei des dortigen Franziskaner­
klosters sowie um die Michaelskirche bei Ston auf der Halbin­
sel Peljesac. Verglichen wurden die Messungen von Temperatur 
und relativer Feuchte mit den Ergebnissen quali tativer und 
quantitativer Salzanalysen (X-ray-Diffraktometer) auf der einen 
und mikrobiologischen Analysen auf der anderen Seite. Die 
Untersuchungen soll ten der Bes t immung der mikroklimati­
schen Bedingungen und der diese Bedingungen definierenden 
Faktoren dienen, um sowohl unter dem Aspekt der Salzbela­
stung wie der mikrobiologischen Schädigungen verträglichere 
raumklimatische Voraussetzungen für den präventiven Schutz 

und die Konservierung der Wandmalereien festzulegen. Labor­
untersuchungen und Kl imamessungen zeigten die Notwen­
digkeit e ines stabilen Raumkl imas , um die vorhandenen 
wasserlöslichen Salze in Lösung zu halten und die durch Aus­
kristallisierung entstehenden Schadensprozesse zu vermeiden. 

Sommario 

Misurazioni ambientali e ricerche 
di lahoratorio nei monumenti con pitture murali 
della costa adriatica croata 

II contributo riferisce i risultati dellc ricerche scicntillchc sulle 
pitture murali medioevali in Croatia. le quali sono atlaccate ad 
un grave degrado causato da sali solubili. Le analisi chimiche 
sui sali solubili - sia quantitative che qualitative - e le analisi 
microbiologiche sono State eseguite su diversi monumenti sto-
rici c o n res t i d i p i t t u r e m u r a l i s i tua t i l u n g o la c o s t a a d r i a t i c a 

centrale e meridionale della Croatia. Tra questi si ricorda l'apsi-
de meridionale della Cattedrale di Sant 'Anastasia e una capella 
superiore nella torre campanaria di Santa Maria di Zadar. della 
cripta della Cattedrale della Beata Vergine a Dubrovnik e 
dell 'ambiente soprastante l 'estradosso della volta nel convento 
francescano di Mala hraca nella medesima cittä c. inline, della 
chiesa di San Michele presso Ston sulla pcnisola di Peljesac. 
Sono stati confrontati i dati delle misurazioni su temperatura e 
umiditä sia con i risultati delle analisi qualitative e quantitative 
dei sali, sia con i dati dcllc analisi biologiche. Le ricerche crano 
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Fig. 24. Dubrovnik. Franciscan Monastery Mala bracu. capilulum and sacristy: cross seclion. 

finalizzate a siabilire quali particolari condizioni microclimati-
chc e generali favorivano la cristallizzazionc dei sali e lo svilup-
p<) degli altacchi biologici. Solo con una prolc/ione preventiva 
e con correllc premcssc climatichc si polcvano creare Ic eondi-
zioni per una corretta conserva/ionc delle pitture murali. Tutte 

le ricerche di laboralorio e le misurazioni c l imal iche hanno 
dimostrato la necessitä di stabilizzare il c l ima ambientale in 
m o d o da trovare un equilibrio che possa mantencre i sali in 
soluzione, impcdendo, cosi. il verificarsi del dannoso processo 
dclla crislallizzazione. 
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