
Hindawi Publishing Corporation
International Journal of Chemical Engineering
Volume 2010, Article ID 392175, 11 pages
doi:10.1155/2010/392175

Review Article

The Possibilities of Reduction of Polychlorinated
Dibenzo-P-Dioxins and Polychlorinated Dibenzofurans Emission

Grzegorz Wielgosiński

Faculty of Process and Environmental Engineering, Technical University of Lodz, Wolczanska 213, 90-924 Lodz, Poland

Correspondence should be addressed to Grzegorz Wielgosiński, wielgos@wipos.p.lodz.pl
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In the study the most important and known polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzo-furans
(PCDFs) emission sources are presented and known methods of reduction of dioxin emission to the atmosphere are discussed
in detail. It is indicated that the most relevant emission source is a combustion process. The mechanism of dioxin formation
in thermal processes is presented in brief. The author characterized primary methods of reduction of PCDDs/PCDFs emission
encompassing the interference into the combustion process to minimize their formation and discussed known secondary methods
aimed at their removal from the stream of waste gases. It was attempted to make a critical assessment of PCDD/Fs reduction
methods described in literature.

1. Introduction

On 23 May, 2001 in Stockholm there was signed the Con-
vention concerning persistent organic pollutants (POPs).
The reason for the convention was the necessity to regulate
the issues connected with the production and utilization of
certain organic substances—the so-called persistent organic
pollutants. The convention introduced relevant limitations
in the production, application, export, and import of POPs,
as well as strict requirements concerning the record and
monitoring. One of the most important decisions of Conven-
tion was the commitment to the continuous minimization
or the final elimination of the release of such substances
as dioxins and furan (PCDD/Fs), hexachlorobenzene (HCB)
(as a precursor of dioxin synthesis) as well as polychlorinated
biphenyls (PCBs)—as compounds with similar toxicity to
dioxins, to the environment This indicates the necessity
of the implementation of the best available techniques
(BAT) to the industrial practice in the following fields:
waste incineration, paper-mills using chlorine for whitening,
steel mills and copper, aluminum and zinc mills, refineries
utilizing waste oils, crematories, power plants, and thermal-
electric power plants as well as the other activities.

Polychlorinated dibenzo-p-dioxins and polychlorinated
dibenzofurans are categorized as the so-called endocrine
disrupters—the substances disturbing the activity of the
endocrine system. Since 1970s PCDD/Fs have been thought
to belong to the group of the strongest poisons among the
known chemical compounds so far. Nevertheless, in spite of
very high toxicity of certain dioxins and furans with regard to
some animal organisms, one may find it difficult to compare
PCDD/Fs with the other strong toxins present in the envi-
ronment. This is because their activity is not instantaneous
in the concentrations one encounters every day. According
to the toxicological data it is difficult to acknowledge that
they exhibit the so-called acute toxicity [1, 2]. The harmful
activity of PCDD/Fs concerns the fact that they disturb the
endocrine functions of an organism, resulting in the fertility
disorders, the problems with pregnancy, or even infertility
(the chemical structure of dioxins bears a strong resemblance
to the steroid hormones, including sex hormones). This
is connected with disorders in progesterone release, the
hormone being indispensable to hold pregnancy and to the
appropriate course of pregnancy [3, 4]. In contrast, the
results concerning the carcinogenic activity of dioxins were
not confirmed [5, 6]. De facto, one should not neglect the



2 International Journal of Chemical Engineering

way dioxins and furans affect a human organism. Hence, all
activities aimed at the restriction of the emission of dioxins
to the atmosphere are fully justified.

2. Dioxins Emission Sources

Based on the known results of investigations carried out
for over twenty years it is known today that dioxins
(polychlorinated dibenzo-p-dioxins –PCDDs) and furans
(polychlorinated dibenzo-furans –PCDFs) form as an unde-
sirable side product in practically all combustion processes
(including incineration processes of waste: municipal, indus-
trial and medicinal waste or sewage sludge as well as during
combustion of fossil fuels, particularly hard coal, brown coal
and biomass). Furthermore, dioxins form during certain
industrial production processes such as pesticide, paper
and cellulose production and in iron and steel industry
and in nonferrous metallurgy. Even in the 70s and 80s
waste incineration plants were the main source of PCDD/Fs
emission in the vast majority of countries all over the world.
At present, as a result of restriction of emission norms and
due to the development of new incineration technologies and
the application of efficient systems of flue gases treatment,
the situation has changed. Consequently, contemporary
waste incineration plants emit flue gases containing dioxins
and furans in such a concentration that is usually present in
the polluted city air. The fact that chloroorganic pesticides
have been withdrawn from production and that paper
whitening with chlorine has been stopped has contributed to
a considerable decrease of dioxin and furan emission in those
processes as well. Nowadays, a significant dioxin emission
source is metallurgy industry both in Poland and in many
European countries comprising ferrous and nonferrous
industry as well as secondary scrap processing. However,
to very serious problems one may account noncontrollable
incineration of household waste in domestic furnaces and
combustion of solid fuels of low quality, including hard and
brown coal in small local boiler rooms being obsolete and
exploited. The incineration conditions are there very bad
considering thermodynamics and chemistry of incineration.
At the moment these are the main sources of dioxin emission
to the atmosphere in the vast majority of European countries
and in Poland [7].

Presently, the basic and the most important dioxin emis-
sion source in the vast majority of industrialized countries
of the European Union is municipal heating sector being
usually equipped with obsolete energy boilers of small in
which there takes place the combustion of fuels of low
quality under bad conditions (high concentrations of carbon
monoxide) and equipped with individual heating systems
frequently incinerating wood waste [8].

As mentioned above, humanity has been accompanied
with dioxin emission since time immemorial. Investigations
carried out in recent years indicate that it is possible to iden-
tify dioxins in high concentrations in many environmental
samples. This also concerns samples originating from the
period before industrial boom in the 19th century [9–11].

The first information about dioxins originating from
the combustion process appeared in 1977-1978. Olie [12]
found dioxins in flue gases from Dutch waste incineration
plants and, subsequently, Buser [13] also confirmed the
presence of dioxins in fly ashes from Swiss waste incineration
plants.

Then the theory appeared that polychlorinated dibenzo-
p-dioxins and polychlorinated dibenzo-furans originate
from combustion processes- and it was termed trace chem-
istry of fire from the title of the article being published in
the respected and prestigious journal “Science” in 1980 [14].
According to the theory, the basic sources of dioxin emission
to the atmosphere and, particularly, to the environment,
there may be as follows: waste incineration plants, power
plants heated with mineral fuels, car engines (petrol and
diesel), fire places, barbecues and cigarettes. To summarize,
in 1992, the first decade of intensive investigations con-
cerning dioxins, Rappe [15] concluded that environmental
pollution due to dioxins may result from emission from the
following sources.

(i) Chemical Reactions. This is the result of side reactions
occurring in the processes of chemical synthesis, for
example, the production of chlorinated pesticides,
chloro-phenoxy-herbicides, chlorophenols, and PCB.
Another relevant source is also the production and
chemical utilization of chlorine, particularly electrol-
ysis combined with chlorine production, cellulose
pulp whitening with chlorine, and so forth.

(ii) Thermal Processes. This concerns first and foremost
municipal, medicinal,and chemical waste incinera-
tion as well as iron, steel, magnesium, and nickel
production. Moreover, the sources of dioxin emission
to the environment are flue gases.

(iii) Photochemical Reactions. One may account here
photochemical dechlorination of higher chlorinated
dioxins—generation of more toxic congeners—
lower chlorinated, photochemical o-phenoxy-phenol
cyclization or photochemical chlorophenol dimeriza-
tion.

(iv) Enzymatic Reactions. This is the process of PCDD/F
formation from chloro-phenols under an influence
of peroxidases which may occur under the natural
conditions, for example, in bioslurry, sewage sludge
or bottoms of rivers, and lakes.

In 2000 Baker [16] asked a fundamental question
whether incineration is the main source of dioxin emission
to the environment. He formulated the thesis that dioxin
emission is a fundamental feature of economical develop-
ment and the quantity of dioxin emission in a given country
depends mainly on GDP and it is proportional to CO2

emission as well.
Today, analyzing the available plentiful subject literature

it may be recognized that the main sources of dioxin emission
to the environment are first and foremost thermal processes,
both incineration and others, for instance, metallurgic,
chemical, photochemical, and biological ones [17]:
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(i) waste incineration: municipal, medicinal and haz-
ardous waste, and incineration of sewage sludge,

(ii) cement production and waste coincineration in
cement plants,

(iii) energetic combustion of fuels and waste coincinera-
tion in power plants,

(iv) wood incineration in industrial and household
devices,

(v) fuel combustion in small household furnaces,

(vi) illegal waste incineration,

(vii) fuel combustion in car engines,

(viii) crematories,

(ix) paper industry,

(x) metallurgy,

(xi) chemical and textile industry,

(xii) fires, including forest fires,

(xiii) volcano eruption,

(xiv) cigarette smoking,

(xv) biological and photochemical processes.

3. Dioxins Formation Mechanisms

Polychlorinated dibenzo-p-dioxins and polychlorinated
dibenzo-furans form practically in each combustion process
[14, 18] of solid and liquid fuels (more seldom gaseous fuels)
if chlorine, oxygen and organic matter appear in the zone of
the appropriate temperatures. The thesis is valid not only for
combustion processes but also for the majority of thermal
processes taking place at the temperatures of 200–700◦C.
The general course of the reaction is as follows:

R–Cl + O2 −−−−−−−−−−−−−−−−−−−−−→
combustion(oxidation) t=200÷700◦C

PCDD
FS

(1)

In case of waste incineration plant a given range of
temperatures indicates unequivocally that dioxin synthesis
occurs beyond the incineration zone. The investigations
carried out by Hunsinger [19] proved among others that
temperature above 900◦C and deficiency of oxygen cause
a complete dioxin decomposition. This means that dioxin
synthesis may occur only after final air supply to the process
and at the temperatures below 900◦C.

Based on numerous results of investigations of dioxin
formation process three possible ways of dioxin formation
have been proposed:

(i) the reaction in gaseous phase at the temperature of
500–700◦C [20],

(ii) dioxin formation from molecular and organic carbon
or inorganic chlorine in the presence of volatile ash
at the temperature of 250–350◦C called de novo
synthesis [21],

(iii) synthesis from various types of organic precursors
such as chlorophenols, polychlorinated diphenyl-
ethers, polychlorinated biphenyls, and other products
of incomplete combustion which may react with
themselves both in gaseous phase and on the surface
of metals being present in the composition of volatile
ash [22].

In the light of results of the investigations it follows
that the most important mechanism resulting in the highest
production of dioxins is the third mechanism, then the
second one and the lowest production of dioxins may be
observed as for the first mechanism [23].

In the combustion process, at the temperatures higher
than 900◦C carbohydrate radicals and flammable gases are
released from incinerated waste and other solid and liquid
fuels. Subsequently, they participate in many complex syn-
thesis reactions (halogenations, oxy-halogenation, oxidation,
recombination and disproportionation) [24–27] resulting in
the production of the so-called products of incomplete com-
bustion. To the category of incomplete combustion products
one may account phenols and chlorophenols, chlorobenzens,
alkylobenzens, simple aliphatic carbohydrates, aldehydes and
ketones, alcohols and simple carboxyl acids [28–31].

Chlorophenols, chlorobenzens or polychlorinated
biphenyls and polychlorinated naphtalens constitute a group
of dioxin precursors which at the temperature of 500–700◦C
may combine giving polychlorinated dibenzo-p-dioxins
and polychlorinated dibenzo-furans. Those precursors may
react with themselves both at the temperature 500–700◦C in
gaseous phase [20] and on the surface of volatile ash at the
temperature of 200–500◦C [32, 33].

De novo synthesis occurs at the temperature of 200–
500◦C from molecules of carbon contained in volatile ash
reacting with oxygen and chlorine on the surface of a catalyst
[21, 34, 35]. The carbon source in de novo synthesis is the
most frequently the so-called elementary carbon contained
in the molecules of volatile ash as the remaining part after
the processes of thermal decomposition and oxidation in
the combustion process. In practice it is not possible to
attain complete burn-up of carbon contained in fuel and
small amounts of carbon which is only partially burnt up
occur in waste gases in the form of soot. The key for
molecules chlorination in de novo synthesis is Deacon’s
reaction [36] of catalytic oxidation of hydrogen chloride
(formed during combustion) to molecular chlorine, being
capable of carrying out the reaction of chlorination. The
reaction is catalyzed by copper compounds (Cu, CuCl,
CuCl2,CuO, Cu2O i CuSO4) [37]. In reality, numerous
metals are located on the surface of volatile ash having a
various influence on the process of dioxin synthesis—certain
metals catalyze the process of de novo synthesis or catalyze
the process of chlorination of low chlorinated dioxins
formed earlier (in the synthesis in a gaseous phase). To
exemplify, one may account here copper, zinc, molibdenium,
manganese, iron, aluminium, magnesium and other metals
catalyze decomposition of the remaining dioxins or relatively
their dechlorination, for instance, chromium, vanadium,
tungsten, cobalt and nickel [38]. De novo synthesis is a
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slow, frequently very slow, reaction and the reaction of
dioxin formation for instance from chlorophenols is about
102–105 times faster [39]. Therefore, de novo synthesis
occurs in combustion installation (not only but also in
other thermal processes, e.g., metallurgic ones) beyond the
combustion zone at the temperature of 200–400◦C, on
molecules of deposited volatile ash. According to Goldfarb,
the majority of dioxins generated in waste incineration
plants is formed in accordance with this mechanism
[40].

4. Methods of Dioxins Emission Reduction

The methods limiting the emission of dioxins from tech-
nological processes may be divided into two groups: the
primary and secondary methods. The primary methods may
be defined as the interference into a technological process
and creation of such conditions of its course that the amount
of dioxins is possibly the smallest [41]. Secondary methods
are the so-called “end-of-pipe technologies” allowing to
decrease their emission to the atmosphere.

Among the primary methods, the problem of crucial
importance is to avoid the presence of chlorine in thermal
processes. The processes of dioxins formation are nonequi-
librium processes and even the trace amount of chlorine
and organic material in the elevated temperature zone (200–
700◦C) must result in the production of dioxins. Unfortu-
nately, the presence of chlorine is frequently unavoidable.

The next factor one shall attach importance to is
the temperature—dioxins are not so persistent chemical
compounds as they are widely considered to be and they
are decomposed at the temperature of 700◦C [42]. Unfor-
tunately, the vast majority of dioxins in thermal processes
are produced as a result of the so-called “de novo” synthesis
and the optimal range of the temperatures used in “de novo”
synthesis is 300–350◦C. Analogously, one may observe the
production of dioxins during the process of gas cooling
from the temperature of 700◦C to 200◦C. The amount of
dioxins produced as a consequence of “de novo” synthesis
is inversely proportional to the rate of gas cooling (taking
away the heat); thus, it is essential that one aims at the
building of very efficient systems of heat recovery (heat
exchangers) and the eventual cooling of gases by quenching
[43]. Furthermore, the presence of carbon monoxide and
soot as well as dust (particulates) containing metals (for
example, copper, iron, nickel, aluminum or zinc) favors “de
novo” synthesis [42]. That is why, to the primary methods
of the emission limitation one may account flue gases after-
burning (so as to minimize the presence of carbon monoxide
and soot) as well as hot gas scrubbing or such adjustment
of the flow rate by the systems of heat recovery that the
gas which is contained in those systems is not deposited
on them. The formation of zones in the system of heat
recovery, on which one may observe the process of dust and
soot deposition, brings about an increase in the amount of
dioxins as a result of “de novo” synthesis” [17]. What allows
to decrease the emission of dioxins formed as a result of
de-novo synthesis is to apply a quick and effective cooling

of flue gases from the temperature of about 400◦C to the
temperature below 200◦C. The flue gases cooling rate has
an important meaning for the quantity of dioxins formed.
From the data contained in the subject literature [44] one
may infer that in case of cooling of flue gases in a typical heat
exchanger with the normal rate of the order 100–200◦C/s
dioxin concentration at outlet is equal to about 5 ng TEQ/m3

whereas to achieve dioxin concentration equal to about 1 ng
TEQ/m3 it would be necessary to attain the cooling rate of
the order 500–1000◦C/s.

In the processes of combustion the issue of utmost
importance is the appropriate control of combustion so that
it is so similar to the process of complete combustion as it
is possible [43]. The research of combustion and formation
of organic micro-pollutants (e.g., the products of incomplete
combustion) in this process led to the conclusion [45]
that one of the most important parameters determining
their emission, including dioxins, is the concentration of
carbon monoxide in flue gases, in other words the quality of
combustion. Those observations were confirmed by Seeker
[46]. According to his research the concentration of carbon
monoxide, in other words the conditions of combustion,
considerably influences the amount and emission of dioxins
generated in this process.

To the primary methods of the restriction of dioxins
emission one may account the presence of sulphur dioxide in
flue gases due to its inhibition of the dioxins synthesis. Dur-
ing the extensive research into waste combustion processes,
it was concluded that the presence of sulphur dioxide in the
combustion zone decreases to a large extent the amount of
dioxins. Indeed, in the gas phase one may observe [47, 48]
the reaction between chlorine and sulphur dioxide:

SO2 + Cl + H2O −→ SO3 + 2HCl. (2)

The reaction has become an argument in the debates
concerning the possibility of waste cocombustion in power
stations and thermal-electric power stations. The results of
the research carried out by US EPA and the confirmation
of dioxins emission from combustion processes have made
it possible to perceive the problem in a different way. It is
essential to remember that at the elevated temperature one
may notice the competitive Deacon’s reaction—the catalytic
decomposition of HCl [49]:

4HCl + O2 −−−−−−−−−−→
catalyst(Cu,Fe,Al)

2Cl2 + 2H2O (3)

Hence, it is obvious that no chance of the complete
elimination of dioxins in the combustion process exists.
Further research concerning an impact of sulphur dioxide on
the emission of dioxins indicates that the inhibitive influence
of sulphur dioxide is not so high and strongly dependent on
its excess. On the other hand, Deacon’s reaction possesses
its own optimum being dependent on the temperature and
concentration of HCl.

It must be underlined that good results in the scope
of the limitation of dioxins production are obtained using
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inhibitors. To the most frequently encountered inhibitors
there belong nitrogen and sulphur compounds which bring
about the blocking of the metallic active centers in the
particles of volatile dust, on the surface of which one may
notice “de novo” synthesis [50–54].

To summarize, one shall state that the aforementioned
primary methods of the restriction of dioxins emission have
a chance to substantially decrease the amount of dioxins but
it is not possible to completely eliminate their production.
Moreover, in practice, one may observe that it is not possible
to reduce the concentration of dioxins in flue gases below
the required level 0.1 ng TEQ/m3 using only the primary
methods.

As regards the secondary methods of the reduction of
dioxins emission, the methods of utmost importance are the
following:

(i) adsorption on the activated carbon (on solid medium
or the stream method)

(ii) catalytic decomposition of dioxins in the vanadium
catalyst,

(iii) the filtrating-catalytic method “REMEDIA”,

(iv) the absorbing-adsorbing method “ADIOX”,

(v) the radiation method (using an electron beam),

(vi) the corona discharge method,

(vii) adsorption on carbon nanotubes,

(viii) nanocatalysis.

Dioxins, analogously to the majority of chemical sub-
stances are well adsorbed on active carbon [55]. Two variants
of the adsorption process are known: the adsorption on the
solid bed [56–58] and the so-called stream adsorption. In
the first case great adsorbers filled with active carbon are the
most frequently used. Active carbon should be replaced at the
regular time intervals. The variations of those devices are the
adsorbers with a moving bed of active carbon, which operate
in the flowing manner [59–61]. The carbon used is the
most frequently directed to combustion taking place in waste
incineration plant. Another variation may be the application
of adsorbers with fluidized bed [62] l or with monolithic
static, packed bed [63]. The stream absorption is connected
with the introduction of certain amounts of powdered active
carbon (sometimes in the mixture with powdery calcium
oxide known as Sorbalit, Sorbacal, Spongiacal, etc.) to the
stream of flowing gases and, then, gas scrubbing on a
fabric filter [64]. The method of adsorption on the solid or
moving bed of active carbon has found its application to
municipal waste incineration plants—such a solution was
used in the modern (accepted to the public use in 1998)
waste incineration plant in Cologne, in the hazardous waste
and sewage sludge incineration plant EBS Simmering in
Vienna and in the only one Polish waste incineration plant
in Warsaw. In medical waste incineration plants there is a
widely used method of stream adsorption combined with
dry desulphurization using Sorbalit as a sorbent. It must
be added that the stream adsorption method of dioxins
elimination has been used with success in one of the Belgian

steel plants recently. The efficacy of dioxins elimination
usually attains the value of 95%. The adsorption methods
also present some disadvantages such as the problem of
the used adsorbent management which comprises consid-
erable amounts of dioxins as well as heavy metals (Hg
in particular). The method with the application of active
carbon (most of all, the adsorption on the solid bed) has
one important flaw, namely the possibility of spontaneous
carbon ignition at the elevated temperature (above 200◦C)
and fire of the installation. Therefore, the application of the
method of the reduction of dioxins emission is gradually
diminished.

It must be highlighted that the catalytic method is
deprived of this disadvantage. During the exploitation of the
catalytic systems of NOx removing from flue gases it was
noticed that dioxins in waste gas are subject to the efficacious
decomposition. The research done by Hagenmeier [65]
indicates that the vanadium-tungsten catalyst on the tita-
nium oxide carrier effectively decomposes PCDD/Fs with the
release of carbon dioxide, water and HCl. Such a catalyst is
widely used in the catalytic reduction of nitrogen oxide (with
the addition of ammonia) in the process of selective catalytic
reduction known as SCR (Selective Catalytic Reduction).
Further research [66–76] indicated that it is feasible to
effectively reduce the emission of both nitrogen oxides and
PCDD/Fs on the appropriately prepared catalyst V2O5–
WO3/TiO2 in the presence of ammonia. Today it is known
that on the tungsten or platinum catalyst one may observe
dechlorination and oxidation of dioxins (the partition of
those processes—dechlorination and oxidation—is depen-
dent on the composition of the catalyst) [77].

The products of those reactions are carbon dioxide, water
and HCl. The temperature of the process is in the range
of 250–300◦C. The efficacy of dioxins elimination using the
catalytic methods is 95–99% [78]. The numerous industrial
applications confirm the high efficacy of the method [79]. It
must be added that a lot of research was conducted using the
other catalysts such as the platinum or perovskite catalysts.
Yet those trials with platinum catalyst were completed with
no success due to the secondary synthesis of dioxins on the
catalyst [80–83]. To the disadvantages of the catalytic method
one may account its high price, almost double as high when
compared to the systems with the sorbent injection and
a fabric filter and slightly higher than the systems with a
moving bed of active carbon.

It is quite recently that a new method of dioxins
elimination from waste gases has appeared. The method has
been developed in the GORE Associates Company under the
name “REMEDIA” [84–87] and it comprises such methods
as the adsorption, dedusting and catalytic decomposition.
The main part constitutes the membranes produced from
teflon and glass fibers, specially modified with the layer
of vanadium compounds. The membranes operate at the
temperatures 180–250◦C. On the layer of dust separated
on the filtrating membranes the preliminary adsorption of
dioxins occurs (those which are in the solid form). On
the other hand, those dioxins which were not absorbed are
subject to dechlorination and oxidation using vanadium
salts deposited on the membrane. The efficacy of dioxins
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elimination is equal to 95%. According to the scientists
who developed the method it is slightly cheaper that the
method with the injection of the sorbent and fabric filter and
60% cheaper than the catalytic systems. The experiments in
using the filtrating—catalytic method in the IVRO municipal
waste incineration plant in Roeselare (the capacity of 2 lines
47 000 Mg/a) in Belgium are positive though [88, 89]. As a
result of the observations lasting 42 months it was confirmed
that 99.95% of the restriction of dioxins emission and the
systematic maintenance of the dioxins concentration in waste
gases is in the range of 0.008–0.037 ng TEQ/m3. It must be
added that recently a similar installation has been used in the
municipal waste incineration plant in Liberec in the Czech
Republic [90].

The absorbing-adsorbing method (ADIOX) has been
recently developed by the Swedish company Götaverken
Miljö. The method applies the so-called “memory effect”
[91] being observed in waste incineration plants. The effect is
based on the absorption of dioxins in the elements of the flue
gases cleaning systems made of plastics (i.e., polypropylene)
and their subsequent desorption from the packing elements
to the stream of flue gases in the case of the relevant decrease
of their concentration in the flue gas stream as a result of,
for instance, the application of the primary methods of the
reduction of emission.

The solution of ADIOX encompasses the introduction of
activated carbon into polypropylene applied to the process of
the elements of flue gases wet purification (mainly packing
elements). The molecules of dioxins, which have been
absorbed in polypropylene, are additionally adsorbed on
the surface of activated carbon and, efficaciously, eliminated
from the flue gas stream in a persistent manner. The used
elements, saturated with dioxins, are, after the replacement,
burnt in waste incineration plant. Due to the fact that the
process of dioxins production is a nonequilibrium process it
does not influence an increase in PCDD/Fc emission from
the emitter of incineration plant. The method was applied in
several municipal and hazardous waste incineration plants
(i.e., Kloding, Thisted, Fasan, Glostrup in Denmark, Umeå,
Holstebro and Malmö in Sweden, Tredi Salaise in France and
Trondheim in Norway) with a good result [92–98].

The search for the new methods of the reduction of
dioxins emission is being continued. The promising effects
provides the application of a radiation method (with a beam
of electrons) [99–105] used till now to the simultaneous
elimination of sulphur dioxide and nitrogen oxides in power
plants. Furthermore, it is reported that the application of
corona discharge permits one to reduce the emission of
dioxins [106, 107]. There has also appeared the proposition
of using the XXI—century technique—nanotechnology to
remove dioxins. One of the variations is using the unique
adsorbing abilities of carbon nanotubes [108–112], another
is using the nanoparticles of transition metals (e.g., titanium,
vanadium) introduced to flue gases the presence of which
causes the catalytic decomposition of dioxins [113–116].
Nonetheless, this research is being carried out on a laboratory
scale, analogously to the first examinations using ionic
liquids in the selective absorption of dioxins and furans
[117].

5. Recommendations

The problem of dioxin emission is identified the most
frequently with waste incineration and it has been solved
in the most satisfactory way in waste incineration plants.
A considerable number of municipal waste incineration
plants and big hazardous waste incineration plants have been
equipped with the systems of catalytic reduction of nitrogen
oxides being as well reactors of PCDD/Fs catalytic decom-
position. Certain installations have been equipped with
huge adsorbers with moving activated coke bed. More and
more installations apply today a filtration-catalytic method
(REMEDIA) or an adsorbing-absorbing method (ADIOX).
In case of small medicinal waste or other hazardous waste
incineration installations a basic method is the use of
calcium reagent (lime) for acidic gas removal (e.g., Sorbalit,
Sorbacal, Spongiacal, etc.) provided with ca. 5–10% addition
of powder activated carbon. In combination with fabric filter
the efficiency of dioxin removal using this method is very
high. Part of those small installations are equipped with
a catalytic reactor SCR in which PCDD/Fs decomposition
also takes place. However, waste incineration plants are
not the only sources of dioxin emission from industry.
The Stockholm Convention imposes the reduction of their
emission from all sources. Seemingly, the problem of dioxin
emission from large combustion plants i.e. electric power
stations and thermal-electric power stations, constitutes no
problem. Numerous research results published in literature
[118–121] indicate that for hard coal combustion PCDD/Fs
concentrations do not usually exceed 0.01 ng TEQ/m3 and,
hence, they are at least 10-times lower than the values allowed
for waste incineration. A similar situation takes place in case
of lignite [122] or oil combustion [123]. This is the result
of sulfur content in fuel and fixation of chlorine capable of
taking part in chlorination reaction during de novo synthesis.
The most recent investigations performed by Konieczyński
and Grochowalski [124] proved that there is a visible
dependence between dioxin concentration in flue gases and
the size of installation for coal combustion—in case of
small boilers dioxin concentrations in flue gases applied
in households may slightly exceed 0.1 ng TEQ/m3. Great
possibilities of reduction of dioxin emission from power
plants are connected with the application of technology of
simultaneous SO2 and NOx removal utilizing electron beam
technology [104, 105]. Apart from reduction of those two
pollutants there also occurs decomposition and oxidation of
PCDD/Fs with good efficiency.

A relevant source of dioxin emission to the environment
is metallurgy sector. There are a lot of data proving that
dioxin concentrations in waste gases may reach the level of
50–1200 ng TEQ/m3 [125–129]. In this sector there are no
regulations reducing dioxin concentrations in waste gases
at present (with the exception of Belgium and Canada).
Nevertheless, in many countries installations reducing dioxin
emission using a filtration-catalytic method (REMEDIA)
[84, 85] have appeared in the recent years. The second
method used in metallurgy sector is the application of
inhibitors based on chemical compounds containing nitro-
gen and sulfur in a molecule, for example, urea, ammonium
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sulfate, and so forth, [50–54]. Seemingly, the method has
great perspectives in metallurgy sector due to a relatively low
cost.

In conclusion, amongst the secondary methods of dioxin
emission reduction one may recommend the catalytic
method as the most important and the most efficacious
one allowing to decrease simultaneously and considerably
the emission of PCDD/Fs and reduce the emission of
nitrogen oxides (SCR). Very good results are also attained
by the application of filtration-catalytic method. Numerous
installations give a chance to disseminate the technology in
industry as well. The obstacle may be a high price of filtrating
sacks applied in this method. However, it seems to be that
the utilization of adsorption technologies using active carbon
has only slight chances to be implemented. The utilization
of radiation method (with an electron beam) may also be
promising as it is an effective method of reduction of sulphur
dioxide and nitrogen oxide emission being implemented
on a commercial scale of production. The application of
adsorption to carbon nanotubes seems to be very intriguing;
however, the actual state of technique does not give a chance
to implement the method on a large scale.

6. Conclusions

The problem of dioxin emission from combustion processes
really exists. The intensity of this emission is the resultant
of combustion conditions and the effectiveness of flue gases
treatment system. However, it must be remembered that
even the most novel and the greatest system of flue gases
treatment is not able to dispose of all pollutants, particularly
in case of unstable installation operation and changing
parameters of gases subjected to treatment. The key here
is continuous, stable installation work, combustion of low
emissivity and the appropriate conservation. These are the
conditions to be obeyed so that the properly designed
installations with an efficient system of flue gases treatment
have the emission in accordance with the regulations [130].
All oscillations of work parameters, particularly carbon
dioxide concentration oscillations will always result in the
increased dioxin emission.

However, seemingly, after 30 years of investigations
concerning dioxin formation and methods of reduction of
their emission we may say that we have been acquainted
with the process so thoroughly to prevent effectively dioxin
formation and to reduce their emission to the level which is
not hazardous to the environment and human health.
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[78] G. Wielgosiński, A. Grochowalski, T. Machej, T. Paja̧k, and
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[129] T. Öberg, “Low-temperature formation and degradation of
chlorinated benzenes, PCDD and PCDF in dust from steel
production,” The Science of the Total Environment, vol. 382,
no. 1, pp. 153–158, 2007.

[130] European Parliament and the Council Directive 2000/76/EC
of 4 December 2000 on the incineration of waste. - OJ No L
196, p. 1, 2000/12/10.



International Journal of

Aerospace
Engineering
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2010

Robotics
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Active and Passive  
Electronic Components

Control Science
and Engineering

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 International Journal of

 Rotating
Machinery

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation 
http://www.hindawi.com

 Journal ofEngineering
Volume 2014

Submit your manuscripts at
http://www.hindawi.com

VLSI Design

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Shock and Vibration

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Civil Engineering
Advances in

Acoustics and Vibration
Advances in

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Electrical and Computer 
Engineering

Journal of

Advances in
OptoElectronics

Hindawi Publishing Corporation 
http://www.hindawi.com

Volume 2014

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Sensors
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Modelling & 
Simulation 
in Engineering
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Chemical Engineering
International Journal of  Antennas and

Propagation

International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Navigation and 
 Observation

International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Distributed
Sensor Networks

International Journal of


