
http://www.inosr.net/inosr-applied-sciences/  
Batterman 

INOSR APPLIED SCIENCES 6(1): 82-88, 2020. 

82 
 

©INOSR PUBLICATIONS  

International Network Organization for Scientific Research                                                                                                                      ISSN:2705-165X 

 

Effects of Nitrogen Dioxide (NO
2

) on Sculptures 

 

Batterman, S. 

 

Department of Museum Studies, Université de Kairouan, Tunisia. 

ABSTRACT 

Nitrogen dioxide (NO
2

) is an ambient trace-gas result of both natural and anthropogenic 

processes. Public concern over the deleterious effects of atmospheric deposition (AD) has 

grown rapidly due to its adverse effects (teratogenicity, toxicity, and carcinogenicity) to 

human, animals, and materials. Long-term sculpture exposure to NO
2

 may cause a wide 

spectrum of severe problems such as deterioration. The objective of this study is to 

examine the relationship between long-term exposures of sculptures to NO
2

.  
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INTRODUCTION  

Sculpture is the most enduring and, 

arguably, the greatest form of fine art 

known to man, sculpture has played a 

major role in the evolution of Western 

culture. Its history and stylistic 

development are those of Western art 

itself [1]. It is a key indicator of the 

cultural achievements of Classical 

Antiquity, and became an important 

influence on the development of 

Renaissance art in Italy. Together with 

architecture, it was the principal form of 

monumental religious art which for 

centuries (c.400-1800) was the driving 

force of European civilization. Even today, 

although continuously evolving, sculpture 

is still the leading method of expressing 

and commemorating both historical 

figures and events. During its history, it 

has attracted some of the world's greatest 

artists, including classical sculptors like 

Phidias, Myron of Eleutherae, Polyklitos, 

Skopas, Lysippos, Praxiteles and 

Leochares, as well as Donatello [2]. 

Supreme examples of this long-

established form of public art can be 

found in many of the best art museums. 

Also known as "plastic art", for the 

shaping process or "plasticity" it involves, 

sculpture should be fairly simple to 

define, but unfortunately it's not. 

Nitrogen dioxide is a nasty-smelling gas. 

Some nitrogen dioxide is formed naturally 

in the atmosphere by lightning and some 

is produced by plants, soil and water. 

However, only about 1% of the total 

amount of nitrogen dioxide found in our 

cities' air is formed this way. Nitrogen 

dioxide is an important air pollutant 

because it contributes to the formation of 

photochemical smog, which can have 

significant impacts on human health [3]. 

The major source of nitrogen dioxide in 

Australia is the burning of fossil fuels: 

coal, oil and gas. Most of the nitrogen 

dioxide in cities comes from motor 

vehicle exhaust (about 80%). Other 

sources of nitrogen dioxide are petrol and 

metal refining, electricity generation from 

coal-fired power stations, other 

manufacturing industries and food 

processing. 

Description of NO
2

 

Many chemical species of nitrogen oxides 

(NOx) exist, but the air pollutant species 

of most interest from the point of view of 

human health is nitrogen dioxide (NO) [4]. 

Nitrogen dioxide is soluble in water, 

reddish-brown in colour, and a strong 

oxidant. Nitrogen dioxide is an important 

atmospheric trace gas, not only because 

of its health effects but also because (a) it 

absorbs visible solar radiation and 

contributes to impaired atmospheric 

visibility; (b) as an absorber of visible 

radiation it could have a potential direct 

role in global climate change if its 

concentrations were to become high 

enough; (c) it is, along with nitric oxide 

(NO), a chief regulator of the oxidizing 

capacity of the free troposphere by 

controlling the build-up and fate of 
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radical species, including hydroxyl 

radicals; and (d) it plays a critical role in 

determining ozone (O) concentrations in 

the troposphere because the photolysis of 

nitrogen dioxide is the only key initiator 

of the photochemical formation of ozone, 

whether in polluted or unpolluted 

atmospheres [5]. Sources On a global 

scale, emissions of nitrogen oxides from 

natural sources far outweigh those 

generated by human activities. Natural 

sources include intrusion of stratospheric 

nitrogen oxides, bacterial and volcanic 

action, and lightning. Because natural 

emissions are distributed over the entire 

surface of the earth, however, the 

resulting background atmospheric 

concentrations are very small. The major 

source of anthropogenic emissions of 

nitrogen oxides into the atmosphere is 

the combustion of fossil fuels in 

stationary sources (heating, power 

generation) and in motor vehicles 

(internal combustion engines) [6]. In most 

ambient situations, nitric oxide is emitted 

and transformed into nitrogen dioxide in 

the atmosphere. Oxidation of nitric oxide 

by atmospheric oxidants such as ozone 

occurs rapidly, even at the low levels of 

reactants present in the atmosphere. [7] 

calculated that 50% conversion of nitric 

oxide would take less than 1 minute at a 

nitric oxide concentration of 120 µg/m3 

(0.1 ppm) in the presence of an ozone 

concentration of 200 µg/m3 (0.1 ppm). 

Consequently, this reaction is regarded as 

the most important route for nitrogen 

dioxide production in the atmosphere. 

Other contributions of nitrogen dioxide to 

the atmosphere come from specific 

noncombustion industrial processes, such 

as the manufacture of nitric acid, the use 

of explosives and welding. Indoor sources 

include tobacco smoking and the use of 

gas-fired appliances and oil stoves [8]. 

Differences in the nitrogen oxide (nitric 

oxide and nitrogen dioxide) emissions of 

various countries are due mainly to 

differences in the consumption of fossil 

fuels. Worldwide emissions of nitrogen 

oxides in the early 1980s were estimated 

at approximately 150 ´ 1012 g/year.  

 

 

Occurrence in air 

Maximum 30-minute or 1-hour average 

and maximum 24-hour average outdoor 

nitrogen dioxide concentrations of up to 

940 µg/m3 (0.5 ppm) and 400 µg/m3 

(0.21 ppm), respectively, have been 

reported. Annual mean concentrations in 

urban areas throughout the world are 

generally in the range 20–90 µg/m3 (0.01–

0.05 ppm) [9]. Urban outdoor levels vary 

according to the time of day, the season 

of the year and meteorological factors. 

Typical daily patterns comprise a low 

background level on which are 

superimposed one or two peaks of higher 

levels that correspond to rush-hour traffic 

emissions of nitrogen oxides. Hourly 

average nitrogen dioxide concentrations 

near very busy roads often exceed 940 

µg/m3 (0.5 ppm) [10]. Maximum hourly 

concentrations in the United Kingdom are 

generally of the order of 470–750 µg/m3 

(0.25–0.4 ppm) [11]. From 1988 to 1990, 

highest 1-hour averages in the United 

States ranged from 75 to 1015 µg/m3 

(0.04–0.54 ppm) [12]. Thus, the maximal 

hourly mean value may be several times 

the annual mean [13]. Long-term 

monitoring activities during the 1960s 

and 1970s indicated an increase in 

concentrations of nitrogen oxides in many 

urban areas throughout the world [14]. 

Recent reports from the United States, 

however, show a decrease in nationwide 

nitrogen dioxide concentrations, resulting 

from a decrease in nitrogen oxides 

emissions, from 1981 to 1990 [15]. 

Whether nitrogen dioxide concentrations 

are increasing in urban areas in other 

parts of the world is unknown, although it 

is known that, at least in the United 

States, concentrations are highly 

correlated with population level and 

population levels worldwide continue to 

grow. Nevertheless, indoor sources, such 

as cooking with gas or cigarette smoking, 

may be the main contributors to 

individual exposure. Owing to the 

widespread use of unvented combustion 

appliances, nitrogen dioxide 

concentrations in homes may exceed 

considerably those found outdoors [16]. 

The average concentration over a period 

of several days may exceed 200 µg/m3 
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(0.1 ppm) when unvented gas stoves are 

used for supplementary heating or 

clothes drying, or when kerosene heaters 

are used; typically, means are lower [17]. 

Maximum brief (minutes to 1-hour) 

concentrations in kitchens are in the 

range 230–2055 µg/m3 (0.12–1.09 ppm) 

during cooking [18]. The highest 15-

minute concentration recorded for a 

home with an unvented gas space heater 

was 2716 µg/m3 (1.44 ppm) [19].  

Conversion factors 

 Nitrogen dioxide:  

1 ppm NO
2 

 = 1880 µg/m
3 

 

1 µg/m3 NO
2

  = 5.32 × 10-4 ppm 

Nitric oxide:  

1 ppm NO  = 1230 µg/m
3 

 

1 µg/m3 NO  = 8.13 × 10-4 ppm [10]. 

FACTORS AFFECTING POLLUTION DAMAGE 

Relative Humidity (RH) 

RH is a relationship between the volume 

of air and the amount of water vapor it 

holds at a given temperature. In RH, water 

plays an important role in various 

chemical and physical forms of 

deterioration. There are many sources of 

excess water in the vicinities of 

sculptures. Examples are wet mopping, 

rain, flooding, leaking pipes, broken 

gutters, exterior humidity levels, nearby 

bodies of water, wet ground, moisture in 

walls, human respiration and 

perspiration, and evaporation. The 

absorbance and giving off of water by 

organic materials and some inorganic 

materials depends on the RH of the 

surrounding air [20]. Sculpture made of 

metals will corrode faster at higher 

relative humidity than other objects. 

There are the swelling and warping of 

wood and ivory, sculptures made of paper 

may cockle, or buckle; stretched canvas 

paintings may become too slack, and 

there could be mold growth. At higher RH, 

pests are more active. It is important to 

note that the temperature of the air 

determines how much moisture the air 

can hold. Warmer air can hold more water 

vapor. At low levels of RH, sculptures 

tend to shrink, discolour, stiffen, crack, 

disintegrates, and a flake off [21].  

Temperature 

Temperature is the measure of the 

movement of molecules in an object. 

Molecules are the basic building blocks of 

all things. As the temperature increases, 

there is an increase in the speed of 

molecules in an object, they move faster 

and spread out; the object then expands 

[22]. When it is another way round i.e, the 

temperature reduces, molecules slow 

down and come closer together; material, 

then contracts. Temperature and 

temperature variations can directly affect 

the preservation of sculptures in many 

ways. For example, at higher 

temperatures, chemical reactions 

increase, thereby causing deterioration by 

discolouration or disintegration of 

sculptures [23]. If this deterioration is not 

detected, it can lead to a fire. Insects may 

eat more and breed faster, and mold will 

grow faster within certain temperature 

ranges. At high temperatures, sculptures 

can soften. Wax on sculptures may sag or 

collect dust more easily. At low 

temperatures, sculptures can cause 

desiccation which may eventually result 

in fractures of paints. Fluctuation in 

temperatures can cause sculptures to 

expand and contract rapidly. Temperature 

is a primary factor in determining RH 

levels. As temperature varies, RH also 

varies [24].  

Radiation 

Ultraviolet and visible light is radiation 

that disintegrates, fades, darkens, and/or 

yellows the outer layer of organic 

materials and some colored inorganic 

materials - unnecessary visible light that 

fades or darkens the outer layer of paints 

and wood.  

Contaminants 

Another factor that affects air pollution is 

contaminants. These include gases (H2S, 

NO2, SO2, and O3; O), liquids (plasticizers 

that ooze from adhesives, grease from 

human hands), and solids (dust that can 

abrade surfaces, salt that corrodes 

metals). Contaminants disfigure 

sculptures, making them unpleasant to 

see, making them an eye saw within the 

vicinity of erection or placement.  

Light 

Light is a form of energy that stimulates 

our sense of vision. It is a factor of 

deterioration. The unit of measurement is 

the nanometer (1 nanometer (nm) equals 
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1 thousand millionth of a meter) [25]. It 

can cause damage to the sculpture. It 

causes fading, darkening, yellowing, 

embrittlement, stiffening, and a host of 

other chemical and physical changes. 

Sculptures made of these materials book 

covers, inks, feathers, furs, leather and 

skins, paper, photographs, textiles, 

watercolors, and wooden are sensitive to 

light. All types of lights emit varying 

degrees of UV radiation. This radiation 

(which has the most energy) is the most 

damaging to sculptures [16].  

Deterioration to sculpture caused by air 

pollution 

According to Smithsonian American Art 

Museum 2015, outdoor sculpture is 

traditionally made of stone and metals 

[17]. The most vulnerable materials in 

sculpture making are marble and 

limestone to acid rain. Other types of 

materials like granite and sand stone are 

resistant to acid attack. Cast iron, steel, 

zinc and lead, and bronze have also been 

used in sculpture. [17] bronze (Cu-Zn-Sn-

Pb) has been preferred for sculpture since 

ancient times because of its resistance to 

corrosion and favorable casting 

properties. Pure copper is too soft for 

practical applications. Other elements 

have usually been added to harden it and 

to change its colour [17]. In antiquity, tin 

was the major alloying element, despite 

its high cost. Small amounts of lead 

improve the flowability of the molten 

bronze and enhance its ability to 

reproduce fine details. In affirmation to 

the deleterious effects, air pollution has 

on sculptures, the pictures in Fig1 show 

why it is good to prevent or reduce the 

effects of air pollution. 
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Fig. 1: Pictures showing the effect of air pollution (acid rain) on sculptures. 

 

Impact of NO
2

 on Sculptures 

Nitrogen dioxide contributes a significant 

amount of the total loading of air 

pollution and acid rain [18]. The 

biological sources of nitrate complicate 

the relation between atmospheric NOx 

levels and the occurrence of nitrates on 

exposed stone surfaces. The problem in 

finding calcium nitrate crystals on 

exposed stone surfaces is probably due to 

its very high solubility in water and its 

hygroscopic nature [19]. NO
2

 drastically 

increases the corrosion rate of calcareous 

stones in SO containing atmospheres at 

high (90%), but not at low (50%) relative 

humidity. Nitrate enrichment on different 

calcareous stone types is mainly from 

deposition of gaseous HNO and to a lesser 

extent, to dry deposition of NO. 

Microcracks in the stone structure caused 

by crystallization, and hydration, nitrates 

at ambient conditions may cause 

deterioration [20]. Figure 1 picture also 

shows the sharp edges and carving details 

gradually become rounded due to the 

effect of acid rain; the photo depicts the 

Chicago Tribune Building, Chicago, 

Illinois. The portions of the limestone 

were darkened by acid rain as result of air 

pollution. 

CONCLUSION 

Sculptures are used to describe large 

works, which are known as monumental 

sculpture. They are made of different 

materials like wood, stone, metal, and 

others. From this review paper, it could 

be noted that sculptures are adversely 

affected by air pollutants (PM, gases, and 

metals). The metals can corrode, the stone 
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can deteriorate, dyes can fade quickly, 

polymers can breakdown rapidly, and 

paints can weather faster. In the long run, 

the sculpture may be defaced or damaged 

which eventually results in a loss. Steps 

to minimize the effect could be air 

conditioning, washing and rewaxing, 

painting, and the application of corrosion 

inhibitors just to mention a few. It is 

recommended that constant monitoring 

of atmospheric deposition should be 

ensured so the sculptures can be 

protected from damage or eventual loss. 
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