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Summary 
 
Volatile organic compounds (VOC) are emitted during the combustion process. They 
originate from the organic components of fossil fuels, or are formed during the 
combustion process. For example, the addition of smaller aliphatic compounds, 
cyclization, and transformation into aromatic hydrocarbons leads to polycyclic aromatic 
compound (PAH) formation. Some PAHs are known to be carcinogenic. The degree of 
emissions of VOC in the combustion process depends on its conditions. 
 
Considerably higher concentrations of VOC are emitted from small furnaces (residential 
heating, municipal waste incineration plants etc.). Organic pollutants occur in both the 
solid phase (adsorbed and associated by fly ash) and the gaseous-vapor phase. Some of 
them have relatively long lifetimes in the environment. Combustion processes involving 
chlorine are the source of dioxins.  
 
Volatile organic compounds interact with nitrogen oxide, leading to its oxidation and 
ozone formation. When nitrogen dioxide concentration and ozone formation are high, 
photochemical smog of Los Angeles-type is formed. Polycyclic aromatic hydrocarbons 
are among the compounds showing the highest mutagenic, teratogenic, and carcinogenic 
properties. 
 
1. Emission of Organic Compounds in the Combustion Process of Fossil Fuels 
 
It is a widely accepted fact that the organic component of coal actually consists of two 
structures. The main one is a macromolecular insoluble three-dimensional lattice, whose 
structure involves aromatic and hydroaromatic units bound with ether and thioether 
chains and short alkyl bridges. The second constituent consists of particles representing 
a low and medium molecular weight, usually soluble in organic solvents. This 
molecular component is assumed to contain a varying distribution of aliphatic 
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hydrocarbons, hydroxylated polycyclic, aromatic compounds, and heterocyclic 
compounds. 
 
If hydrocarbons are not totally oxidized during combustion, a variety of substances can 
appear in exhaust gas; for example, alcohols, aldehydes, or organic acids. Hydrocarbons 
can be oxidized to carbon dioxide and water via stable oxidation states (methanol, 
formaldehyde, formic acid, carbon monoxide etc.), which are also possible emission 
components. During incomplete combustion or insufficient mixing of fuel and air in the 
flame, part of the fuel can escape unburned along with the exhaust gas. In contrast, if 
there is a lack of air, thermal decomposition (pyrolysis) can set in. This decomposition 
process either takes place via the reaction of partial oxidation or it leads to the formation 
of new hydrocarbons not originally contained in the fuel. This is a path through which 
aromatic (e.g. benzene, toluene, xylenes, and polycyclic aromatic hydrocarbons (PAH)), 
some of which are known to be carcinogenic, are formed. In the first stage of PAH 
formation, the addition of smaller aliphatic compounds and cyclization into 
hydroaromatic hydrocarbons with medium-sized molecules occurs. Then, 
transformation of hydroaromatic hydrocarbons into fully aromatic hydrocarbons takes 
place. Finally, the formation of larger polycyclic aromatic hydrocarbons from smaller 
ones occurs. The PAH family of hydrocarbons consists of molecules containing two or 
more fused six-carbon aromatic rings. Two common members of the group are 
naphthalene and benzol(a)pyrene with two and five fused rings, respectively. 
 
The degree of emission of Volatile Organic Compounds (VOC) in the combustion 
process depends on its conditions. Considerably higher concentrations of VOC are 
emitted from furnaces used by the communal/social sectors operating low-capacity 
heating plants. In large power stations the combustion process is constantly monitored, 
and it is also run at higher temperatures.Research of the coal combustion process 
conducted in many centers for different combustion conditions has shown that among 
the emitted pollutants many organic compounds of low boiling point occur: benzene, 
toluene, aldehydes, phenols, aliphatic compounds C5-C20, furanes, dioxins, and 
significant amounts of PAH, just to mention a few. 
 
PAH can also be contained in the matrix fossil fuel: oil or coal. At medium temperatures 
(approx. 200°C) and under increased pressure PAH can be formed from biological 
material constituting exploitable fossil deposits. Although the process following this 
path is rather slow, comparably large quantities of polycyclic compounds can be 
formed. These compounds are released unchanged or undergo certain transformations 
during the combustion of coal or oil. Their emission with flue gases from a coal-fired 
power plant amounts to 30–930 mg/m3, from a municipal waste incineration plant it 
amounts to 17–2700 mg/m3, and from a bonfire, 2800–173 000 mg/m3. Particularly 
large quantities are released during tobacco smoking, reaching the value 0.8–2.0 μg/g 
tobacco.Organic pollutants occur in both solid phase (adsorbed and associated by ash) 
and the gaseous-vapor phase. Distribution of these pollutants between ash and gaseous 
states depends on the type of furnace and combustion condition. Generally, it can be 
assumed that approximately 20–30% of pollutants exist in adsorbed and ash-associated 
forms. It has been observed that two- and three-ring hydrocarbons prevail in the gaseous 
phase while the four- and five-ring ones are present in the solid matter (ash). 
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 USA Sweden Norway 
Residential heating combustion (wood, 
coal, oil, gas) 

1380 132 62.5 

Municipal plants, bonfires, forest fires, 
agricultural waste 

1150 3.5 13.7 

Power generation (coal, oil, peat) 401 13 1.3 
 

Table 1. Production of volatile organic compounds from combustion, in selected 
countries. (Units: tons per unit) 

 
Organic pollutants, which have a long environmental residence time, are generally 
called persistent organic pollutants (POPs). These include polycyclic aromatic 
compounds and a host of chlorinated organic compounds. PAHs feature strong UV and 
visible light absorption. It leads to photochemical modification and transformation of 
these substances. PAHs in clear water with high oxygen concentration exposed to 
sunlight have a half-life shorter than an hour (e.g. benzeno(a)pyrene of then order of one 
year).  
 
For PAHs with lower molecular weight, the half-life is much shorter in sediment water 
but much longer in the first described conditions. In the first case, photolytic 
degradation and biodegradation in the second case take place. On the other hand, PAHs 
deposited in the soil or water undergo biological degradation by microorganisms. 
Combustion processes involving chlorine are the source of dioxins as well. Dioxins, or 
PCDDs (polychlorinated dibenzo(1-4)dioxins) are widely distributed in relatively low 
concentrations in the atmosphere, soil, sediments, plants, animals and in humans. 
 
For example, the 2,3,7,8-tetrachlorodibenzo(1,4)dioxin has the following structural 
formula: 
 
                   Cl      O   Cl 
 
 
    
       Cl      O   Cl 
 
Other halogenoderivatives formed in the combustion process are polychlorinated 
dibenzofurans (PCDFs). 
 
Combustion sources produce a variety of PCDD and PCDF congener profiles. Even for 
a single source, the profile will vary with the fuel used and the combustion temperature. 
Combustion sources include municipal waste incineration plants, coal-fired power 
plants and others. 
 
Dioxins associated with particulates from combustion processes may reside in the 
atmosphere for considerable periods. For dioxins and PCDFs phototransformation of 
vapor phase material is quite important. As for reaction of OH radical with dioxins, an 
estimate of the tropospheric lifetime is approximately seven hours.  
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