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Abstract. Art works are affected by environmental factors as light, temperature, 

humidity.  Air pollutants are also implicated in their degradation. The pollution in 

museums has two sources: the air from outside, which brings usually dust and 

inorganic particles, and the inside sources – the materials used for casings (sealants, 

textiles placed on the display cases, varnishes, wood) that emanate organic 

compounds. The dust is composed of particles with a diameter of approximately 

2µm or higher, which come from soil (silica) or animal and vegetal residues (skin 

cells, pollen). They facilitate water condensation on objects surface and biologic 

attack. The inorganic compounds are a result of materials combustion (SO2, NO2, 

NO) and in presence of water they form acidic compounds which affect the museum 

objects. The organic compounds are usually peroxides, acids, phthalates, 

formaldehyde. The effects of these pollutants are: soiling, surface discolouration, 

embrittlement, corrosion. Therefore, conservators are interested in monitoring the 

pollution degree in the display cases or in the museum air and in analyzing the 

effects of pollutants on the exhibited objects. They use different methods for 

pollutants identification, like direct reading devices based on colorimetry, that can 

be read after few minutes and hours (they interact with the pollutants in 

atmosphere), or indirect reading samples that require a laboratory. The information 

gathered is used for the identification of pollution source and to analyze the 

concentration of pollutants needed to provoke damages on the surfaces of art 

objects. This paper is a review of pollutants that affect the art objects and of the 

monitoring systems used for their identification and measuring. 
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Introduction 

The museums have objects made of different materials (metals, textiles, wood 

etc.) which degrade in time under the influence of various factors like light, 

humidity, temperature, biological factors, and pollutants. The pollutants can be dust 

particles and gases brought from outside through the ventilation system or by 

visitors, alkaline particles from building renovation, volatile compounds released 

by the materials used in restoration or in making of display cases. Because of the 

various materials used for casings and display the indoor pollutants can have higher 

concentrations than the particles and gases brought from exterior [Thickett, 2004]. 

The dust is carried inside the museum by natural ventilation or by visitors’ 

shoes or clothes. It is made of particles of organic and inorganic origins like soil, 

soot, textile fibers, vegetal or insect fragments, skin cells, hair. Some of them have 

large dimensions (soil particles go from 1-300 µm) [Yoon, 2000; Lloyd, 2011] and 

land on objects due to force of gravity, others are smaller and interact with the 

objects through Brownian movement or electrostatic forces [Nazaroff, 1993]. The 

soot is a result of fuel burning and forms black deposits on the objects. The 

presence of dust brings the following disadvantages: it helps water vapours 

condensate on the object’s surface [Moldoveanu, 2010]; its particles adsorb 

gaseous pollutants like SO2 from the atmosphere and facilitate the object’s contact 

with more aggressive substances [Thickett, 2004], the organic particles are a source 

of food for microorganisms which produce exopolymers that embed other dust 

particles and change the aspect of the art objects [Tarnowski et al., 2004]; the 

abrasive particles can lead to little scratches on the objects’ surface when removed. 

Gases like SO2, NOx, nitric and sulphuric acid are brought from outside and 

affect the museum objects by reacting with the component materials. Some of the 

degradations that occur are: decomposition of limestone, disolouring and rigidity of 

leather, brittleness of textiles, efflorescence of fossils, metal corrosion. 

There are also alkaline particles that are released by the new concrete and 

affect the protein materials by decreasing their tensile strength [Slade, 2003].  

The volatile organic compounds (VOC) can be emitted by materials used for 

the conservation of objects, for example the solvent used for dammar varnish 

releases aliphatic and aromatic compounds [Schieweck, 2008]. Also, the materials 

used for the display cases present a risk for pollution. The dyes used to colour the 

textiles, the cloths made of wool, rubber emanate sulphur compounds which 

interact with organic objects like bones. The wood components degrade under the 

influence of  light, humidity, oxygen or high temperatures creating volatile 

compounds like aldehydes (formaldehyde), and organic acids (acetic acid, formic 

acid). The quantity of VOC emitted depends on the type of wood, the period of its 

harvest, the drying method (air dried wood release a smaller quantity of VOC) 

[Thickett, 2004]. The adhesives used in the MDF fabrication, urea-formaldehyde, 
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phenol-formaldehyde or melamine-formaldehyde, can release formaldehyde if the 

polymer isn’t cured or the polymerization was incomplete [Schieweck, 2008]. 

Other materials that emit VOC are the lakes, paints, sealants (polyurethane foams). 

These VOC can be absorbed by other materials from the cases and released slowly 

in time, continuing their action on the displayed objects, even though the source of 

pollution was removed [Tétreault, 1994]. 

For the monitoring of these pollutants there are different devices which can 

show the type of substances that are affecting the collections, their concentration 

and their disposition in the museums rooms. 

 

Monitoring tools 

The dust that is brought inside the museum by ventilation or visitors can be 

sampled with the help of adhesive strips (labels made of vinyl or Teflon, or even 

usual labels), placed near the objects or at ground level. The strips are positioned 

vertically or horizontally and left for a certain period of time (days or weeks) 

[Lloyd, 2011]. The small particles can be analyzed with the help of optical 

microscopy, SEM or ion chromatography and the results are used to identify the 

source of pollution [Smolík, 2013]. A correlation can be made between the type of 

weather, the number of visitors, the place of the strips and the particles 

concentration [Yoon, 2000]. For dust collection there can also be used cellulose 

filters placed horizontally [Smolík, 2013]. 

More sophisticated devices created for measuring the size and concentration 

of particles in the air are the optical instruments like nephelometers, based on light 

scattering, or aethalometers, which use light absorption. The nephelometers have a 

small chamber illuminated by laser, in which air with particles is drawn. These 

particles reflect the light, which is captured and transformed into electric pulses by 

a photodetector. The pulses are analyzed by a computer that converts the 

information into data about particles. Depending on the reflectivity of the particles, 

the device may consider them larger or smaller than they really are. Because of the 

size of the chamber, a single measurement is not enough; therefore, to obtain a 

realistic analysis of the air, several samplings are required, in different points of the 

room [Westby, 2011]. Aethalometers are used to determine the concentration of the 

black carbon particles, resulted after fuel combustion. The particles from the 

sampled air are retained on a quartz fiber filter and absorb a part of the light 

emitted by a LED lamp. The rest of the light passes the filter and reaches a diode 

placed under it. The amount of light received by the diode is inversely proportional 

to the particle concentration. The data are converted and analyzed by a computer 

[Hansen, 2000]. 

To identify the gases and VOC and to determine their concentrations, different 

devices based on active or passive sampling can be used. The active sampling uses 
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the absorption of polluted air into a tube, with the help of a pump. The gases 

cumulate in a sorbent material (charcoal) and they are thermally desorbed into a 

gas –chromatograph, where they are analyzed [Hatchfield, 2004].  Other type of 

active sampling uses tubes with a colour changing sorbent and a scale. The 

concentration of the gases is indicated by the level of the colour changed sorbent 

[Druzik, 1991].  

The passive sampling method comprises devices (badges, diffusion tubes, 

dosimeters) that absorb freely the pollutants. They have a diffusion medium for 

gases – air or gels. The identification of gases or the concentration of the pollutants 

can be realized immediately because the gases change the colours of samples, or 

they require laboratory analysis, usually made at the company that provides the 

instruments.   

Badges are small passive sampling devices. There are two types: with a 

sensitive surface that changes its colour in the presence of a specific gas or with 

synthetic carbon/charcoal encapsulated in Teflon, with a diffusion space of 1 cm 

height. The badges are usually created for the working personal, therefore they 

require circulating air. They detect pollutants in concentration of ppm or ppb. They 

can be analyzed directly, by comparison with references provided by the 

manufacturer, or in a laboratory [Hatchfield, 2004; Grzywacz, 2006]. 

The diffusion tubes are used for identification of gases like SO2, NO2, H2S, 

O3, carbonyl sulfide or VOC, and are based on gases diffusion from high to low 

concentrations [Hatchfield, 2004]. There are tubes made of glass that contain a 

specific material that reacts with a specific pollutant (e.g. pH indicators for SO2 

and acetic acid), resulting a colour changing correlated with the time of exposure 

(hours) and concentration [Grzywacz, 2006]. Other tubes are made of acrylic or 

polypropylene, with a cap at each end. At the beginning the tubes are closed at both 

ends, but when are used for sampling they are opened at the lower end and 

positioned vertically in an area with circulating air, for 2 -4 weeks. In the upper cap 

there is a sorbent material, like triethanolamine for NO2. They measure 

concentration of ppm, but they are less accurate than electric devices [Targa 2008; 

Nash, 2010; http://www.ormantineusa.com/]. The tubes are analyzed in a 

laboratory. There are also diffusion tubes that contain an absorbent (charcoal) that 

will impregnate with pollutants. This type of diffusion tubes require, too, a longer 

time for exposure (weeks) and can detect smaller amounts of pollutants (ppb). The 

analysis of the pollutants is made at the producer company, by heating the 

absorbent material and transferring it to a GC-MS or by spectrophotometry 

[http://www.ormantineusa.com/]. 

The dosimeters are made of polymeric films, metals, textiles. The polymeric 

films change their spectra after interacting with pollutants and this fact can be used 

to determine the pollutants and their concentration [Slade, 2003]. The metal 
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dosimeters made of copper, silver and lead corrode when in contact with pollutants 

like chlorides, sulphides, acids and the corrosion products can be identified using 

FT-IR, for example. The dosimeters can also be weighed, so the concentration of 

pollutants can be evaluated [Grzywacz, 2006].  

Metal samples made of lead, copper and silver are also used in Oddy tests 

which verify the safety of the materials used in display cases. The material tested is 

put in a glass recipient, where is also a test tube filled with distilled water and 

closed with a cotton ball. The metal sample is bound with a thread which is caught 

in the recipient lid. The recipient is placed in an oven at 60°C, for 28 days. The 

unsafe materials lead to a high degree of corrosion of the metal samples [Thickett, 

2004;Grzywacz, 2006].  

Other methods of measuring pollutants use sensors that transform the contact 

with the gases into electric signal, like electrochemical sensors or semiconductors. 

The electrochemical sensors are made of two electrodes, inserted in an electrolyte, 

and united by a resistor. The electrolyte is separated from the environment by a 

Teflon membrane that allows gas to enter. It also has an activated charcoal filter 

that retains the unwanted gas. The electrodes used are a sensing electrode, whose 

material reacts with the gas by a red/ox mechanism, and a counter electrode. The 

current that passes through resistor is proportional to the gas concentration (ppm) 

[Göpel, 2008, http://www.intlsensor.com/pdf/electrochemical.pdf]. The 

electrochemical sensors are used for the detection of SO2, NOx, CO, O3, and CH2O.  

The semiconductors have a sensitive layer made of metal oxides (SnO2, VnO5) 

that interact reversibly with the gases in the atmosphere, changing the resistance of 

sensors [Wöllenstein].  

Microbalances with quartz crystal that have a metal plate made of silver or 

copper are used for corrosion monitoring in real time. They are very sensitive, 

detecting changes as small as 1 ppb [Grzywacz, 2006]. 

For a continuous measurement of microclimatic parameters and pollution, 

wireless networks can be used. They are made of small sensor nodes, each one of 

them containing a sensor part, a processor, memory, a wireless transceiver and a 

battery. The levels of pollutants are recorded by sensors, then processed with the 

help of memory and transmitted to the base station that receives information from 

all the sensor nodes. The disadvantages of the system are limited memory, low life 

battery, small range for transmission (few buildings). The advantages are small size 

(they don’t distract the visitors), they don’t need calibration, and they offer 

information in real time [Peralta, 2010; Raju, 2013]. 
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Conclusions 

There are many pollutants that can affect the museums’ objects, but there are 

also many methods and techniques to monitor the presence and the concentration 

of damaging particles and gases. Although the costs may be a problem in some 

cases, the prevention of pollution and the preservation of entire collections of 

cultural goods are more important. The materials used for conservation or for 

display must be tested, to avoid the negative effects upon patrimonial objects. 
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