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The National Gallery of Modern Art in Rome is located near
the Villa Borghese Park. The storage is an underground
area of the building. Different kinds of modern artworks are
conserved. The study regards the environmental conditions
with the aim of improving the preservation of the collec-
tion. 

The method used consists in short-term monitoring pro-
grams (microclimate and air quality) carried out in four
rooms with different significant aspects. On the basis of
climatic data of Rome geographic area, the microclimatic
monitoring has been performed during the most critical
period (summer to autumn). For chemical control, the total
deposited particulate matter was evaluated using a proto-
type instrument to estimate the brilliance variation of 15
white marble samples exposed to the deposition. The solu-
ble salts in the deposited powder layer were determined by
ion chromatography. Aero-diffused microorganisms were
detected by aerobiological analyses. 

The results have pointed out the need of improving the
insulation of the masonry in one of the four rooms.
Successively further environmental investigations should
be planned to assess the effectiveness of the intervention
on the walls and to evaluate the efficiency of HVAC system
under the new, improved conditions.

1 Introduction

The National Gallery of Modern Art in Rome is located in the city, near

the Villa Borghese Park. Different kinds of modern artworks, such as

paintings on wood and on canvas, textiles, sculptures, etc. are exhib-

ited. The 75 rooms display the largest collection of 19th and 20th cen-

tury Italian painters and also many works of Italian and foreign optical

and pop art artists. The storage area of the Gallery, located in the

underground level, houses several masterpieces and it can be visited

by appointment. 
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Decay phenomena observed on some frames and

canvas paintings have highlighted the need to plan

an environmental monitoring programme. On the

basis of our experience1,2 and in order to reduce

the cost of the analyses, chemical, biological and

microclimatic monitoring have been performed in

2007 during a short period in accordance with the

storage management. The aim of the study was to

improve the environmental management of the col-

lection in the storage area and to control the effi-

ciency of heating, ventilating, and air conditioning

system (HVAC).

2 Materials and Methods

In the museum storage area, four rooms with dif-

ferent characteristics have been investigated:

- Room A with one of the walls affected by evapo-

ration phenomena, probably due to the embank-

ment behind the wall;

- Room C in the central part of the storage area

with low microclimate fluctuations;

- Room F with ascending dampness in the wall and

the efflorescence of salt;

- Room G, the entrance of the storage area with

several objects being housed here.

The method used consisted in a short-term moni-

toring programme carried out during the most crit-

ical period of the year, chosen on the basis of ref-

erences and historical climatic data of Rome geo-

graphic area.3,4

Microclimatic parameters (temperature and rela-

tive humidity) have been measured continuously

for three months, from July to September; the

HVAC system was running for the whole period.

The interval between microclimatic measurements

is one hour. Battery data loggers ESCORT-10D16,

placed in the four rooms were used.

For chemical control, the evaluation of the total

deposited particulate matter was carried out con-

sidering only the most critical room (room F). A

prototype instrument1,2 has been used to estimate

the brilliance variation (tri-chromatic parameters

L*, a*, b*) of 15 white marble samples exposed to

the deposition. The monitoring lasted 90 days, the

colorimetric measurements have been done twice

a day. The presence of soluble salts in the

deposited powder layer was determined by ion

chromatography.

Aerobiological analyses have been carried out at

the end of September in rooms A, C and F to

detect aero-diffused microorganisms. The air sam-

pling has been performed by an active impactor

sampler (Andersen cascade sampler).

Heterotrophic bacteria and fungi were considered.

Culture media adopted were Mycological Agar

(DID) for both microorganisms groups.3 After incu-

bation at 28 oC under aerobic condition, the cul-

tures were controlled at 7, 14 and 21 day time

points.The results were expressed as colony form-

ing units related to cubic metres of air (CFU/m3).

Microbiological analyses of the colonization of

humid walls and some paintings were also carried

out. Fungal genera were identified by microscopic

observations and according to the monographs of

Barron, Domsch et al. and Ellis.5-7

3 Results

Microclimatic monitoring has pointed out values

frequently near the upper threshold for paintings

conservation (RH > 60%, T > 20 oC, Figure 1)

despite the operation of the HVAC system. In the

analyzed period the day-night fluctuation deter-

mines a daily average variation of about 1 oC of

temperature and 5% of relative humidity, as high-

lighted in graphs for the months of July (Figures 2

and 3).

The total microbial charge in all analysed rooms is

very low (48-107 CFU/m3). The average quantity

of fungi is larger than that of bacteria (Figure 4).

The source of airborne fungi should be related to

the colonisations on humid walls. The highest air-

borne spores diffusion was detected in room F with

predominance of species isolated from the wall
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Figure 1: Temperature and relative humidity range of the entire mon-

itoring period (July-September 2007).

Figure 2: Temperature daily average of room F (during July 2007).



(Cladosporium, Penicillium) whereas the species

growing on paintings appertained mainly to the

genus Aspergillus (Figure 5). 

In room F, during the period of investigation of 90

days, no significant variation of brilliance has been

recorded although a layer of dust has been detect-

ed on the surface both of samples and artefacts

(Table 1). For this reason the nature of deposited

particulate matter has been investigated by ion

chromatography. The presence of soluble salts in

the dust has been determined; the results are

expressed in μg/cm2 as average calculated on the

fifteen samples exposed. The principal ions are

calcium, potassium, sodium, sulphate and chloride

(Tab. 2); the results are expressed as salts depo-

sition per cm2 of sample surface. Probably these

ions are present as sulphate and chloride; this

hypothesis could confirm the white colour of the

dust and could be the cause of any brilliance vari-

ation. Their presence in the particulate matter

could be related to the efflorescence constituted

by calcium sulphate and potassium- and sodium-

chloride found on the walls. 

From the results some conclusions may be drawn.

The microclimatic behavior of the storage area is

rather stable during the whole analyzed period but

the air conditioning system should be improved to

provide better control of the relative humidity

which constantly exceeds the accepted range for

paintings conservation. In spite of the low airborne

fungal concentration, these conditions favor micro-

bial colonization on paintings, especially in room

F, where the most critical conditions exist from the

thermohygrometric point of view. 

The presence of soluble salts in the deposited

powder layer is likely to be associated with the

covering plaster and with evaporation processes

which can cause the diffusion of efflorescence-

inducing compounds in the air. 

4 Conclusions

The results of the environmental monitoring have

first of all pointed out a critical environmental situ-

ation for some storage areas of the museum. The

evaporation phenomena of the walls in contact

with the embankment of the upper garden give rise

to unsuitable indoor microclimatic conditions (RH

> 65%). In particular the room F needs a structur-

al intervention on the masonry to remove the wall’s

dampness and, moreover, a general revision of the

insulation of the external walls should be done.

Indeed this situation represents a constant threat,

especially in rainy periods, when water infiltrations

may occur with severe consequences on the RH

values.

© by M O R A N A RTD d.o.o.

A museum storage environmental case study, e-PS, 2010, 7, 55-58

57

Room Sample Y*t0 Y*t90 days ΔY*

F 
Carrara

Marble
21.0 ± 0.9 22.8 ± 0.7 1.8 ± 1.1

Cl- NO3
- SO4

2- Na+ NH4
+ K+ Ca2+

3391 818 1479 2298 228 1038 48465

Figure 3: Relative humidity daily average of room F (during July

2007).

Figure 4: Average of microbial charge in the storage rooms.

Figure 5: Number of different genera of airborne fungi in the storage

rooms.

Table 1: Variation in brillance of the marble samplers.

Table 2 : Average concentration of ions deposited to the sampler sur-

face (μg/cm2).



Successively further environmental investigations

could be carried out to assess the efficiency of the

interventions in relation with the actual HVAC sys-

tem. In fact, during the investigated seasons, the

values of T and RH%, did not completely match

the suggested range for paintings conservation8 so

it is possible that with a better wall insulation the

actual HVAC system will be able to maintain T and

RH% inside the suitable range.
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