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Abbreviations 
 
EPS –   Electric Power Station 
FSUE –  Federal State Unitary Enterprise 
CATD –  Closed Administrative and Territorial Division 
CHWBH –  Central Hot-Water Boiler House 
CJSC –  Closed Joint-Stock Society 
HCS –  Housing and Communal Services 
HPP –  Heat and Power Plant 
IP –   Incineration Plant 
Ltd. –   Limited 
ME –   Municipal Enterprise 
MPE –  Mining and Processing Enterprise 
MSE –  Mining and Smelting Enterprise 
MSW -   Municipal Solid Waste 
μg –  microgram 10-6 g 
N/A –   non applicable, i.e. source of releases is negligible 
N/D –   no data available, i.e. there is no any measurement data at the moment 
Nm3 –  standard (normal) m3, gas volume at atmosphere pressure and 0°C 
ng –   nanogram 10-9 g 
PA –   Production Association 
PCDD –  Polychlorinated Dibenzo-para-dioxins 
PCDF –  Polychlorinated Dibenzofurans 
PPM –  Pulp and Paper Mill 
PJSC – Public Joint-Stock Society 
pg –   picogram – 10-12 g 
Gcal –  Gigacalorie – 109 calories 
GEF –  Global Environmental Facility 
SRUHPEE – State Regional Unitary Heat-and-Power Engineering Enterprise 
SUAC –  Siberian-Urals Aluminum Company 
SY –   Shipyard 
TE –   Toxicity Equivalent 
TCE –  ton coal equivalent, corresponds to 1 ton of standard fuel with 

combustion value of 7 Gcal 
TJ –   Terajoule– 1012 joules 
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1. Introduction 
 

There are many publications devoted to problems of polychlorinated dibenzo-
para-dioxins (PCDD) and polychlorinated dibenzofurans (PCDF) called for short 
dioxins and furans, or simply dioxins. In a number of countries, mainly, advanced 
northern ones, national registers of dioxin and furan releases were compiled [5]. These 
countries concern was connected by the fact that dioxins and furans, being persistent 
organic pollutants, are able to accumulate themselves in the northern areas. 

The estimation of total PCDD/PCDF releases for Russia was carried out in [6]. 
Mid-annual dioxin releases in Russia in 1998-2000 was characterized by the lower 
value of 6 917 g and the upper value of 10 835 g (all in TE). 

Unfortunately, the paper [6] arises a lot of questions, is noted for 
incompleteness and unreasonable generalizations, mainly in the field of the chemical 
industry. For example, the emission factor for manufacture of all the chlorine-
containing solvents was assumed to be identical and accepted on the basis of data 
received on the Tchapaevsk plant of chemical fertilizers, where solvent is produced 
under the low temperatures. At the same time a number of organochlorine solvents is 
produced under the temperatures of 500-550°C, when radical and biradical 
recombination leads to benzene ring synthesis and further (at presence of oxygen) – to 
that of dioxins. 

The summary table (see [6]) shows two kinds of industrial waste: 1) wastes 
from 7 factories manufacturing chlorine-containing products; 2) toxic organic waste 
products. Thus the emission factor for organochlorine wastes was lower in 5-30 times 
than that for other organic waste products, which were usually chlorine-free. The 
abnormally high estimated volume of incinerated toxic organic wastes – 42 million 
tons raises the doubts as well. As a result, this source has contributed more than 90 % 
to the total dioxin releases. In [6] such known dioxin sources, as metallurgical, pulp-
and-paper and cement industry, etc. have not been considered at all. In our opinion, 
due to above reasons the paper [6] cannot be used for estimation of dioxin releases in 
Russia. 

Other critical notes on this paper were made in the monograph [7]. The 
monography [7] includes the results of dioxin releases inventory in the European 
Community in 1998-1999. 

At the All-Russia Conference on persistent organic pollutants (POP) held in 
2002 the estimated data was reported [8] on total dioxin releases across the European 
part of Russia for 1990, 1995, and 1997, which were, accordingly, 1134, 784, and 723 
g (in TE). Upon these data, 71-75 % of dioxin releases fall at the ferrous metallurgy. 

Recently a paper “The Research of Dioxin Sources in the Baltic Region” [9] 
was published, which estimated total releases into atmosphere for Poland (490 g 
TE/year), and for Estonia, Latvia and Lithuania (14, 23 and 17 g TE/year, 
accordingly). Releases were defined as emission factor times so-called activity rate 
(annual volume of production or raw material consumption). No actual values were 
submitted, only the end result.  

According to this data, dump fires and uncontrollable incinerations are the 
general sources of dioxin releases. The paper includes estimation of dioxin/furan 
releases into atmosphere in the countries of the Baltic region, made earlier. Upon this 
estimation, potential releases across Russia ranged within 1198-1848 g TE per year. 
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In opinion of authors [9], who included in their paper upper and lower limits of 
release ranges, except for average values, too wide ranges strongly complicate the use 
of information use. Therefore when complying national registers of dioxin releases the 
average data is used more often [5]. In [9] all data is submitted in the certain limits, in 
which confidence of “true values” is at least 80 %, i.e. 20 % of values may fall outside 
the specified frames. 

When carrying out of this work, the following official publications of the State 
Statistical Committee of RF were used as data sources : “Russian Statistical Year-
Book, 2001” [10], (the year-book for 2002 was only issued at the end of January, 
2004), “Industry of Russia, 2002” [11] (was issued at the end of 2003), and “The State 
Report on Environment Condition and Protection in the Russian Federation in 2002” 
[12], being annually issued by the Ministry for Natural Resources of the Russian 
Federation. 

As data sources the information was also used received from the Committees 
for Natural Resources of Arkhangelsk and Murmansk regions, and that of the Republic 
of Komi as well [1, 2, 3].  

The information submitted to us from Murmansk and Arkhangelsk regions and 
from the Republic of Komi [1, 2, 3] included, basically, the data on polluting 
substances releases into air and that of sewage and waste products, that is the data 
represented by the enterprises under the state reporting forms that then were processed 
by regional Committees for Natural Resources and were directed to the Ministry for 
Natural Resources of the Russian Federation. 

The missing or additional data on the enterprises has been gained from the other 
sources. 

Object significance has been estimated upon the following criteria: 
 Share in the total releases of dioxins and furans; 
 Unavailability of experimental data concerning dioxin contents in the gas 

releases 
 High uncertainty (wide range) of dioxins emission factor for the certain 

source 
After negotiations with administration of these enterprises the following objects 

were selected for the analysis: 
• in Arkhangelsk region – Kotlass Pulp and Paper Mill; 
• in Murmansk region – Murmansk incineration plant (PJSC “Plant for 

Thermal Treatment of Solid Household Waste”);  
• in the Republic of Komi – Vorkuta cement works and Vorkuta thermal 

power station 2. 
The basic source for selection of dioxin emission factors was the “Standardized 

Toolkit for Identification of Dioxin and Furan Releases” [4] prepared by UNEP 
Subprogram on chemicals and published in Russian in December, 2001. The Toolkit 
covers virtually all the possible dioxin sources and, generally, gives the gradation of 
dioxin emission depending on a technology used and raw material quality, which 
allows choosing the necessary factor of issue within a wide range. 

Additional data on the dioxin emission factors for the various countries were 
submitted in the book “Persistent Organic Pollutants” [13]. 

Experimental data on dioxin content in releases, and also the various dioxin 
emission factors defined in Russia are available in the monography “Dioxins in 
Russia” [7]. 
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Within this work, as well as in the majority of inventories, only the basic path 
of dioxin ingress into environment was estimated – releases into atmosphere. Dioxin 
ingress with sewage, solid wastes and products has not been considered. 

The analysis has been carried out by Russian Research and Development 
Center for Emergency Situations having proper international intercalibration and 
accreditation of the RF State Standard. This work included clarification of gas releases 
volumes necessary for estimation of experimental emission factors, and certain process 
details. 

For the gained experimental data, see the records in the Annex to the Report. 
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2. Definition of industries and basic enterprises, where dioxins and furans 
may be unintentionally  produced 

 
For the general data on Arkhangelsk and Murmansk regions and in the Republic 

of Komi, see Table 1 [10, 12]. Table 2 shows data on potential sources of dioxin 
releases in Arkhangelsk and Murmansk regions and in the Republic of Komi as on 
2001 [11]. For the information on the branches of economy and fields of activity that 
may be considered as dioxins sources, see “Standardized Toolkit” [4], and publications 
[13] and [7]. 

 
2.1. Timber industry complex 
 
Pulp-and-paper industry 
 
The most known and investigated [14] source of dioxin/furan releases into 

environment at the territory of Arkhangelsk region is the pulp and paper industry. The 
technology of this production was born as early as in the second half of XIX century 
[15].  

Cellulose production (delignification) is carried out using sulfate (∼80 %) or 
sulfite digestion. In the sulfate process sodium-bearing cooking liquor is used 
containing sodium sulfide (Na2S) and sodium hydroxide (NaOH) as a 10 % solution. 

Then the cellulose is exposed to bleaching (more often using chlorine or its 
compounds) for discoloration and enters a paper or cardboard manufacture line. The 
general cellulose production in Arkhangelsk region in 2001 was 1752 thousand ton, 
that of papers – 301 thousand tons, and that of cardboard – 627 thousand tons. 

There are three largest pulp-and-paper mills in the Arkhangelsk region (for 
cellulose output, see figures in brackets): 

• PJSC “Arkhangelsky PPM”, city of Arkhangelsk (710 thousand tons); 
• PJSC “Kotlassky PPM”, town of Koryazhma (842 thousand tons); 
• PJSC “Solambalsky PPM”, city of Arkhangelsk (200 thousand tons). 
 
In the Republic of Komi one large pulp-and-paper enterprise of the Syktyvkar 

timber industry complex (city of Syktyvkar) is located with annual cellulose 
production of 480 thousand tons. In 2001 this enterprise produced 500 thousand tons 
of paper and 131 thousand tons of cardboard. The Syktyvkar timber industry complex 
consumes about 3 million m3 of wood raw materials per year. 

 
Other enterprises of timber industry complex 
 
Besides pulp-and-paper mills, the timber industry complex includes the 

enterprises of logging and woodworking industries, and hydrolysis plants. The primary 
activity of these enterprises does not result in dioxin releases. But this may occur when 
incinerating of wood wastes in the specialized equipment (furnaces) or directly at the 
open sites. 
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Table 1 
General data on Arkhangelsk and Murmansk regions and on the Republic of Komi as on 

January 1, 2002 [10, 12] 
 

Nos. Arkhangelsk region 
including Nenets 
Autonomous District 
(NAD) 

Murmansk region Republic of Komi 

Population, thousand persons 1 1429 988 1126 
Area, thousand km2 

2 587.4, including NAD – 
174.3 

144.9 415.9 

Regional (district) capital 
3 Arkhangelsk (regional) 

Naryan-Mar (district) 
city of Murmansk city of Syktyvkar 

Other cities and towns 

4 

Under regional authority: 
Koruazhma, Kotlas, 
Mirny, Novodvinsk, 
Onega, Severodvinsk 

Under district authority: 
Vel’sk, Kargopol, 
Solvychegorsk, Mezen, 
Nyandoma, Shenkursk 

The region covers 5 areas 
and 14 administrative 
territories (incl. 7 CATDs), 
16 towns (incl. Apatity, 
Zapolarny, Kandalaksha, 
Kirovsk, Kovdor, 
Snezhnogorsk, 
Monchegorsk, Olenegorsk, 
Polarnye Zori, Kola, 
Severomorsk 

Ukhta, Vorkuta, Pechora, 
Inta, Ussinsk, Sosnogorsk 

Number of enterprises and institutions in industry, total 5 2734 2431 2397 
Density of hard surface pubic roads, km per 1000 km2 of area 6 0.9 17 12.6 
Pollutants releases into atmosphere from stationary sources, 
thousand tons 7 

296 324 685 
incl. in cities with the most critical environmental conditions, thousand tons 8 Arkhangelsk – 44.4 – – 
Caught pollutants from stationary sources, thousand tons 9 764 1753 451 
Discharged polluted wastes into surface water bodies, mln m3 10 539 372 572 
Produced toxic wastes, thousand tons 11 322 469 3700 
Among these used at enterprises, thousand tons 12 65 281 185 
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Table 2 
Manufacturing of separate products in the industries - potential sources of dioxin releases in 
Arkhangelsk and Murmansk regions and in the Republic of Komi as on 2001, acc. to [11] 

 
Nos. Arkhangelsk region, incl. 

NAD 
Murmansk region Republic of Komi 

Oil production, incl. gas condensate, thousand tons 1 4586(all in NAD) – 9158 
Natural gas production, mln m3 2 338 – 3798 
Coal production, thousand tons 3 

– 292 18777 
Power generation, billion kW-hours 4 6.3 16.7 8.4 
Extraction of iron ore, mln tons 5 – 7.5 – 
Steelmaking, thousand tons 6 5.5 11.5 0.3 
General productions of non-ferrous metallurgy, thousand tons 7 no data is available concerning non-ferrous metals production 
Sulfuric acid production, thousand tons 8 – 198 – 
Synthetic resins and plastics production, thousand tons 9 5.2 – 15.5 
Industrial wood production, thousand dense m3 10 9114 96.6 4971 
Timber production, thousand m3 11 2090.9 31.5 687 
Cellulose production, thousand tons 12 1752 – 480 
Paper production, thousand tons 13 301 – 500 
Cardboard production, thousand tons 14 627 – 131 
Cement production, thousand tons 15 327  146.7 
Building brick production, mln standard bricks 16 28.7 6.2 47.7 
Textile manufacture, mln m2 17 – – 78.9 
Knitwear manufacture, thousand pieces 18 3 3 4 
Shoe making, thousand pairs 19 66 30 105 

 
Production of industrial wood in Murmansk region (96.6 million dense m3) is 

less by about two orders of magnitude than that in Arkhangelsk region (9114 million 
m3). The contribution of the timber industry complex into the industrial production in 
Arkhangelsk region is 48.8 %, in the Republic of Komi – 18.9 % and in Murmansk 
region – 0.3 % [11]. The largest enterprise of the timber industry complex in 
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Murmansk region is the Kovdorsky timber enterprise. In the Republic of Komi the 
basic timber processing facilities are concentrated in the following cities: Syktyvkar, 
Ukhta, Pechora, and in Arkhangelsk region – in the city of Arkhangelsk. 
 

2.2. Non-ferrous metallurgy 
 
In Murmansk region, the greatest contribution to industrial production falls to 

non-ferrous metallurgy – 28.4 %, whereas in Arkhangelsk region and in the Republic 
of Komi contribution of this branch is insignificant – 0.3 % and 0.2 % accordingly. 

 
Production of copper, nickel and cobalt 
 
There are two large manufacturers of nickel, copper and cobalt in Murmansk 

region: 
• PJSC “Enterprise “Severonickel” (town of Monchegorsk) and 
• PJSC “MSE “Pechenganickel” (settlement of Nickel, town of Zapolyarny). 
Both enterprises were consolidated into PJSC “Kolskaya Mining and Smelting 

Company”, which also is included into PJSC “Mining and Smelting Enterprise 
“Norilsk Nickel”. 

According to formal data (www.newspb.ru), in 2001 MSE “Norilsk Nickel” has 
produced 223 thousand tons of nickel, 474 thousand tons of copper, and 4.6 thousand 
tons of cobalt. 

According to approximate expert estimations made for the purposes of this 
work, one can assume that in 2001 production of nickel, copper and a cobalt at the 
“Enterprise “Severonickel” was about 40 thousand tons, and on MSE 
“Pechenganickel” – about 50 thousand tons that in total is 90 thousand tons. 

Such estimation is complicated with the fact that the enterprises located in 
Murmansk region and “Norilsk nickel” in Norilsk may use a feed stock in various 
ratios: sulfidic copper-nickel ores or nickel ores, which contain a cobalt as driver. 
Besides, MSE “Pechenganickel” is specialized on semi-finished product – concentrate 
of copper and nickel sulfides, so-called “converter matte”, which is pushed for clear 
metal reduction to enterprises, which are included in MSE “Norilsk Nickel”. 

Dioxin formation in these productions depends on chlorine presence in the 
processed mediums and on degree of the secondary raw material utilization – non-
ferrous scrap [4, 13]. 

 
Rare metal productions 
 
Non-ferrous metallurgy in Murmansk region includes as well the Lovozero 

Mining and Processing Enterprise (PJSC “Sevredmet”). Its basic production is loparite 
concentrate, a product of ore dressing used for manufacture of rare metals – niobium, 
tantalum and titanium. Opening of loparite concentrate was made at the Solikamsk 
Magnesium Plant, and the subsequent processing – in Kazakhstan, Kirgizia and 
Estonia. 

After USSR dissolution Lovozero MPE was virtually shut down due to demand 
lack. In 2000 committee of bankruptcy was appointed, and now the project is being 
implemented for creation of new manufacture on the basis of Lovozero MPE – Closed 

http://www.newspb.ru/
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Joint-Stock Company “Russian Rare Metals” (Rosredmet) for production of tantalum 
pentoxide, niobium pentoxide, titanium dioxide, and carbonates of rare earths. 

 
Aluminum production 
 
Another non-ferrous metallurgy enterprise in Murmansk region, PJSC 

“Kandalaksha Aluminum Plant,” is a part of the holding PJSC “Siberian-Urals 
Aluminum Company” (KAZ-SUAL) and is located in Kandalaksha. In 2001 PJSC 
“KAZ-SUAL” manufactured 70 thousand tons of primary aluminum. Dioxin 
formation in this production depends manly on amount of processed aluminum scrap 
and on graphite anodes application for electrolysis. 

 
Bauxite ore production 
 
There are two enterprises in Arkhangelsk region, related to non-ferrous 

metallurgy: 
• PJSC “Severovoronezhsky Bauxite Mine” and 
• PJSC “Severalmaz”. 
Thus though PJSC “Severalmaz” is related to non-ferrous metallurgy, this 

enterprise is engaged in mining, processing and realization of raw diamonds. Diamond 
deposit named by M.V.Lomonosov is located in settlement Svetly of Primorsky 
district. 

PJSC “Severovoronezh Bauxite Mine” is engaged in extraction and shipment to 
consumers of bauxites and clays in amount of ∼ 1.2 million tons per a year. 

 
In the Republic of Komi PJSC “Timana Bauxites” has a designed annual 

capacity of 1 million tons of bauxites. In 2001 it extracted 750 thousand tons of 
bauxites. 

 
Other enterprises 
 
In the Republic of Komi PJSC “Marganets Komi” is developing the Parnokskoe 

ferrimanganese deposit with the capacity of 200 thousand tons of ore and 80 thousand 
tons of concentrate. In 2001 about 36 thousand tons of manganese ore were extracted. 
PJSC “Marganets Komi” extracts also bauxites, but data of their amount is 
unavailable. 

CJSC “Khoilinsky GOK” in 2001 extracted 83 thousand tons of barite ore. 
The mining complex of the Republic of Komi includes also Seregovsky salt-

works (the village of Seregovo, Knjazhpogostsky district on the river Vymya). This 
enterprise extracts salt applied for chlorine and caustic production for the pulp and 
paper industry. By 2005 the salt-works plans producing 30 thousand tons of titanium 
dioxide. 

 
2.3. Electric and heat-and power engineering 
 
In quantity terms of pollutants releases into atmosphere the electro and heat-

and-power industry enterprises are on the second place after enterprises of pulp and 
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paper industry in the Arkhangelsk region, non-ferrous metallurgy enterprises in 
Murmansk region and fuel industry in the Republic of Komi. 

Fuel incineration in power engineering is one of the known sources of dioxin 
releases [4, 5, 7, 13] and is generally taken into account in inventories. In Russia 
amount of incinerated fuel is usually submitted in tons coal equivalent (TCE) that 
means 1 ton of standard fuel with combustion value of 7 Gcal. 

Electric power production in Arkhangelsk region in 2001 was 6.3 billion kW-
hs. More than 93 % of all the power industry capacities in Arkhangelsk region fall into 
Arkhangelsk Heat Station using as fuel black oil (820 thousand TCEs), and two 
Severodvinsk Heat Station, first of which uses as fuel mainly coal and somewhat black 
oil (460 thousand TCEs), and the second uses black oil (460 thousand TCEs). 

General fuel consumption at these three thermal power stations is 1740 
thousand tons of coal equivalent, and general consumption for electric- and heat-and-
power industry is estimated as ∼ 1950 thousand TCEs. Other power industry 
enterprises have rather small performance, for example, Mezensk power stations 
consume about 10 thousand TCEs of fuel. 

Fuel incineration for production of thermal energy is also carried out at the 
municipal power enterprises. In this case wider range of fuels is used for incineration: 
black oil, diesel fuel, natural gas, coal and wood wastes. 

Municipal power enterprises of Arkhangelsk region used as fuel 851 thousand 
TCEs of all kinds of the specified fuel. As an example one can mention some cities 
and districts with the most consumption of fuel: 

• city of Arkhangelsk – 91.5 thousand TCEs of black oil, coal and wood 
wastes; 
• Kotlassky district – 168.8 thousand TCEs of black oil, coal, wood wastes 

and natural gas; 
• Volsky district – 60.7 thousand TCEs of black oil, coal and wood wastes; 
• Kholmogorsky district – 54.0 thousand TCEs of coal and wood wastes. 
 
General production of electric power in Murmansk region in 2001 was 16.7 

billion kW-hs. About 58 % of all the electric power or 9.67 billion kW-hs was 
provided by Kola atomic power station, and 6.37 billion kW-hs was produced by 17 
hydroelectric power stations located on small rivers: Niva, Paz, Tuloma, Konda, 
Voronia, and by 1 tidal power station located in Kislaya bay. 

Other 0.66 billion kW-hs of electric power were obtained using thermal power 
stations: PJSC “Murmansk Thermal Power Station” (fuel consumption 405 thousand 
TCEs) and SRUHPEE “TEKOS” (fuel consumption 395 thousand TCEs) (both – 
Murmansk); PJSC “Apatity Thermal Power Station” (town of Apatity, fuel 
consumption 340 thousand TCEs); Severomorsk SRUHPEE (town of Severomorsk, 
fuel consumption 130 thousand TCEs); SRUHPEE “Kandalaksha Heating System” 
(town of Kandalaksha, fuel consumption 80 thousand TCEs). The general fuel 
consumption at the power industry enterprises in 2001 was 1350 thousand TCEs of 
fuel, including 800 thousand TCEs of black oil and 550 thousand TCEs of coal. Thus 
black oil was only applied as fuel in Murmansk, and at the other thermal power 
stations coal was used. 

Electric power production in the Republic of Komi in 2001 was 8.4 billion kW-
h. Electric power and heat production was carried out at the following enterprises of 
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electro- and heat-and-power industry (in brackets the amount and a kind of used fuel 
are specified): 

• Syktyvkar CHWBH (282 thousand TCEs, mainly natural gas, and low 
amounts of black oil and coal) 

• Vorkuta thermal power station 1 (343 thousand TCEs, black oil and coal in 
approximately equal parts) 

• Vorkuta thermal power station 2 (761 thousand TCEs, mainly coal, and low 
amounts of black oil) 

• Sosnogorskaya thermal power station (626 thousand TCEs of natural gas) 
• Intinskaya thermal power station (134 thousand TCEs, mainly coal) 
• Pechora hydro power station (872 thousand TCEs of natural gas) 
• Ukhta heat and electric systems (290 thousand TCEs of natural gas. 
At other smaller power facilities 2000 thousand TCEs of fuel was incinerated, 

including 260 thousand TCEs of coal, 1380 thousand TCEs of natural gas, and 350 
thousand TCEs of wood waste products. 

 
2.4. Housing and communal services 
 
In housing and communal services of Arkhangelsk region basically coal, and in 

Murmansk region mainly black oil and in less degree coal (about 7 %) and firewood 
(about 1 %) are used as fuel. Total amounts of consumed fuel (in thousand TCEs) for 
both regions are nearly equal: in Arkhangelsk region – 310, in Murmansk region – 
320. 

Fuel consumption in housing and communal services of the Republic of Komi 
was 220 thousand TCEs of fuel and 190 thousand TCEs of natural gas. 

For Murmansk region data is available concerning fuel consumption by 
population – about 3 thousand TCEs, while 95 % fall into firewood, and 5 % – into 
coal. Thus, apparently, only the firewood are meant purchased officially, rather 
brought illegally from a forest. 

Proceeding from the fact that population in Arkhangelsk region is in ∼ 1.5 times 
larger, it is possible to assume conditionally the fuel consumption by the population to 
be equal ∼ 4.5 thousand TCEs. 

Similar reduction to population for the Republic of Komi gives the fuel 
consumption by the population ∼ 3.5 thousand TUEs. It was assumed that firewood 
was only used as fuel. 

 
2.5. Production and processing of fuel 
 
In Arkhangelsk region, namely in Nenets Autonomous District, the amount of 

oil production, including gas condensate, is of 4586 thousand tons. Besides in 
Arkhangelsk region natural gas production achieves 338 million m3. No dioxins are 
formed when fuel producing, this only occurs when incinerating. It is known that a 
part of associated gas at gas-and-oil fields is subject to incineration. 

Fuel industry enterprises of Arkhangelsk region, which are responsible for 94 % 
of pollutant releases into atmosphere include as follows (for releases as on 2001, see 
figures in brackets): Ltd. “Company “Polyarnoe Siyanie” (2.3 thousand tons), Closed 
Joint-Stock Company “Articneft” (7.0 thousand tons), Closed Joint-Stock Company 
“Varandeyneftegaz” (1.2 thousand tons), PJSC “Pechoraneft” (1.3 thousand tons). 
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In Murmansk region among fuel only coal is produced in amount of 292 
thousand tons (as on 2001). There are no releases of pollutants and dioxins at coal 
production, except for dumps combustion and emergencies connected to incineration 
of coal and accompanying gas. 

 
The fuel industry (extraction and processing of fuel) in the Republic of Komi 

holds the first place (65 %) in the industrial structure. In 2001 in the Republic of Komi 
the oil production, including gas condensate, was 9158 thousand tons. Incineration of 
accompanying gas at oil production results in atmosphere pollution [16]. 

The largest enterprises (upon employment [17]) engaged in oil production are 
as follows: PJSC “Komineft” (Ukhta), PJSC “Northern oil” (Ussinsk), PJSC 
“Tebukneft” (Sosnogorsk). There are joint ventures, for example, Russian - Cyprian 
enterprise “AmKomi” (Ukhta) and Russian - British CJSC “KomiArticoil” (Ussinsk), 
and a number of other enterprises, for example, PJSC “Oil Company “Komi TEK” 
(Syktyvkar), CJSC “Nobel Oil” (Ussinsk), CJSC “Pechoraneftegaz” (Pechora), CJSC 
“Buyteck-Sylur” (Pechora), Ltd. “Lukoil-Komi” (Ussinsk). 

A number of the enterprises is engaged in oil refining as well. For example, 
PJSC “Oil Company “Komi TEK” (Syktyvkar), PJSC “Lukoil-Neftepererabotka” 
(Ukhta), and Russian - British CJSC “Bitran” (Ukhta). In 2001 about 3630 thousand 
tons of oil were refined. Gasoline production in 2001 was 438 thousand tons, including 
motor gasoline – 349 thousand tons, diesel fuel – 848 thousand tons, fuel black oil – 
1431 thousand tons, liquefied hydrocarbon gases – 125 thousand tons. 

In the Republic of Komi 3798 million m3 of natural gas was extracted in 2001, 
besides for full satisfaction of the Republic needs 3200 million m3 of natural gas is 
imported in addition. The basic enterprises engaged in extraction, transportation and 
processing of gas are as follows: Ltd. “Severgazprom” (Ukhta), PJSC “Oil Company 
“Komi TEK” (Syktyvkar), PJSC “Komineft” (Ukhta), PJSC “Tebukneft” 
(Sosnogorsk), Sosnogorsk gas processing plant (Sosnogorsk-1), Sosnogorsk LPUMG 
(Ukhta-9). Gas extraction does not result in dioxins formation. 

When processing of natural gas into technical carbon (soot) using thermal-
oxidative pyrolysis of hydrocarbons contained in natural gas and petroleum oils, the 
process is carried out at the temperatures of 1100-1900°C in turbulent flow with heat 
supply due to natural gas combustion. Thus dioxins formation is inevitable. Production 
of technical carbon (soot) in the Republic of Komi in 2001 was 29.4 thousand tons. 
Soot is applied as tire filler (by 80 %), for manufacture of printer inks, typewriter’s 
tapes, etc. 

In the Republic of Komi a plenty of coal is extracted, in 2001 – 18777 thousand 
tons. The most known enterprises engaged in coal extraction are PJSC 
“Vorgashorskaja Mine” and “Severnaya Mine”. Production association “Vorkutaugol” 
(Vorkuta) and the Concern “Intaugol” (Inta) extract coal both by surface mining 
(mainly), and deep mining. 

18.8 million tons of extracted coal include 12.2 million tons used for coking 
that is delivered, basically, to Cherepovets PJSC “Severstal” (Vologda region) and to 
Urals. The other 6.6 million tons of the extracted coal are thermal coals. 

Coke if produced by coal heating at 1350-1380°C during 14-16 hours, thus 
dioxins are formed [4, 13]. However there is no data that any processes of coking are 
carried out in the Republic of Komi. It is known, that in the Republic of Komi coals 
enrichment for coking (if ash content exceeds 7 %) is carried out at the following 
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concentrating plants: “Pechorskaya” (Vorkuta) and “Intinskaya” and “Kapitalnaya” 
(both – Inta). The enrichment is carried out by gravity and floatation methods that do 
not result in dioxin formation. Coal concentrate production in 2001 was 5.5 million 
tons. 

 
2.6. Ferrous metallurgy 
 
Extraction and manufacture of iron-ore concentrate 
 
In Murmansk region the largest enterprises engaged in the iron ore concentrate 

extraction and production are Kovdor and Olenegorsk Mining and Processing 
Enterprises (MPEs). Kovdor MPE has produced 4 million tons, and Olenegorsk MPE 
– 3.5 million tons of the concentrate. 

Besides, Kovdor MPE is the second-largest Russian manufacturer of apatite 
concentrate – a raw material for production of phosphorus fertilizers and fodder 
phosphates. Capacity of the enterprise in the terms of apatite concentrate is 1.75 
million tons/year. 

Kovdorsky MPE is the only in Russia and one of the few in the world 
manufacturers of badelleyite concentrate (6.5 thousand tons per year), unique 
zirconium-bearing raw material for production of refractories, abrasives and 
application in ceramic and electronic industries. Kovdorsky MPE is also engaged in 
production of fused phosphorus-magnesium fertilizers and tile manufacture. 

Both enterprises – Kovdorsky and Olenegorsky MPEs produce commercial 
gravel. 

 
Steelmaking 
 
Steelmaking is carried out in Murmansk region (11.5 thousand tons), in 

Arkhangelsk region (5.5 thousand tons), and in the Republic of Komi (0.3 thousand 
tons (all data are as on 2001). 

No specialized enterprises on steelmaking were found at the territory of 
Arkhangelsk and Murmansk regions and of the Republic of Komi. 

However there are a lot of the large enterprises of mechanical engineering and 
metal working, where carbon steel may be produced as well. For example, products of 
FSUE “Zvezdochka” (Arkhangelsk region) include carbon steel. 

 
 
2.7. Mechanical engineering and metal working 
 
As in Arkhangelsk and Murmansk regions many military facilities and secret 

state enterprises are located, which refer namely to this industry, it is impossible to 
consider mechanical engineering and metal working from the point of view of any 
quantification. Besides this branch is not a source of dioxin releases [4, 7, 13], if no 
high temperature processes are used. In the Republic of Komi mechanical engineering 
and metal working cover 2.8 % of the industrial structure. 

One can present three largest enterprises from each region and the Republic of 
Komi. In Arkhangelsk region these are: FSUE “PA “Sevmash”, FSUE “Machine-
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building enterprise “Zvezdochka” (nuclear shipbuilding) and PJSC “Krasnaya 
Kuznitsa” (Shipyard). 

In Murmansk region these are: FSUE “10th Shipyard”, Shipyard “Nerpa” and 
Olenegorsk Mechanical plant. 

In the Republic of Komi these are: “Ukhtagazstroymash”, plant “Orbita” 
(Syltyvkar) (mining equipment), Syltyvkar plant of forest mechanical engineering. 

 
 
2.8. Chemical industry 
 
The chemical industry in Arkhangelsk region is presented by small enterprise in 

town of Kotlas – PJSC “Kotlassky Chemical Plant”. This plant manufactures ∼ 2000 
tons per year of paintwork materials and synthetic resins. 

There is only one message [7] about dioxin releases at varnish coating of plates 
using varnish fill and drain machines, but there is no any data about the exact source of 
dioxins. 

 
In Murmansk region the chemical industry is presented by the largest 

manufacturer of apatite and nepheline concentrate (about 7 million tons) – PJSC 
“Apatite” (towns of Apatity and Kirovsk). Apatite concentrate – the volcanic breed 
used for production of phosphoric fertilizers and other products. Nepheline is an 
alkaline aluminosilicate using for manufacture of glass, fertilizers and as aluminum 
ore. 

No data is available on dioxin formation accompanying manufacture of 
products being performed at the PJSC “Apatite”. Enrichment of the apatite ores is 
performed using flotation method. Roasting enrichment, which can result in dioxin 
formation, is only applied for difficult for concentration phosphorites. 

 
Due to sulfur oxides recycling from releases of non-ferrous metals manufacture, 

at the PJSC “Enterprise “Severonickel” (town of Monchegorsk) the sulfuric acid 
production was arranged with the annual output of ∼ 200 thousand tons. 

Dioxins may occur in releases, but mainly having arrived with initial gas 
releases from manufacture of non-ferrous metals, not newly formed. 

 
In the chemical industry of Komi 15.5 thousand tons of plastics are produced. 

The largest enterprise is JPSC “Komitex” (Syktyvkar), which produces non-woven 
materials, linoleum, headrests for planes, dairy filters, and carpet coverings. There are 
many small enterprises, basically, Ltd. engaged in manufacturing and installation of 
metal-plastic windows and doors. The probability of dioxin formation in the chemical 
industry of Komi is insignificant. 

 
 
2.9. The industry of construction materials 
 
In the industry of construction materials within Arkhangelsk region one can 

distinguish two branches, which are known [4] to be dioxin releases sources: 
• the cement industry manufactured in 2001 225 thousand tons of cement, is 

presented by PJSC “Savinsky Cement Plant”; 
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• production of construction brick in the volume of 28.7 million standard 
bricks in 2001. 
 

In the industry of construction materials within Murmansk region one can also 
distinguish two productions. One of them producing construction brick in the volume 
of 6.2 million standard bricks is presented by Olenegorsk plant of silicate brick and is 
a source of dioxins. Another enterprise – PJSC “Kovdorsluda”, apparently, is not a 
source of dioxin releases. 

The largest representative of the construction materials industry in the Republic 
of Komi is PJSC “Vorkuta cement works” (Vorkuta), which is a significant releases 
source both of usual pollutants and dioxins. In 2001 the enterprise produced 147 
thousand tons of cement. 

Another source of dioxin releases into atmosphere is a manufacture of 
construction brick (in 2001 – 190 thousand tons). 

 
 
2.10. Transport 
 
The total number of motor transport in Arkhangelsk region in 2001 was 285800 

vehicles, including 23900 vehicles – corporate and 261900 vehicles – proprietary ones. 
In Murmansk region the total number of motor transport was 159150 pcs., 

including 17600 corporate vehicles and 141550 proprietary ones. 
The total number of motor transport in the Republic of Komi in 2001 was 

180 000 pcs. 
Within Arkhangelsk region the fuel consumption as on 2001 is only known for 

corporate motor transport, but no data is available separately for leaded gasoline: 
• gasoline – 62.2 thousand tons; 
• diesel fuel – 96.2 thousand tons; 
• liquefied and fuel gas – 4.1 thousand tons. 
Data was submitted on total fuel consumption as on 2001 across Murmansk 

region, but, unfortunately, in this case as well no data was available separately for 
leaded gasoline: 

• total gasoline consumption – 105 thousand tons; 
• diesel fuel – 448 thousand tons. 
We have assumed that a ratio between leaded and unleaded gasoline 

consumption in Murmansk and Arkhangelsk regions was the same as it was accepted 
in the paper [6] for all Russia, namely ∼ 2:1. I. e. the consumption of leaded gasoline 
in Murmansk region in 2001 was 70 thousand tons, and that of unleaded one – 35 
thousand tons. 

Proceeding from an assumption that the total fuel consumption was 
approximately proportional to the total transport number, on the basis of the data on 
Murmansk region the total consumptions of separate fuel types were defined for 
Arkhangelsk region. I. e. in Arkhangelsk region total consumption of gasoline was 
estimated as 189 thousand tons, including leaded – 126 thousand tons, and unleaded – 
63 thousand tons, the consumption of diesel fuel was estimated as 800 thousand tons, 
and that of liquefied and fuel gas – as 7 thousand tons. 
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Data is unavailable on fuel consumption by river, sea, air and railway transport, 
however, going by pollutant releases, this value is much lower, than that for motor 
transport. 

The consumption of fuel by the motor transport in the Republic of Komi in 
2001 has been determined on the basis of the data on Murmansk region proportionally 
to transport amount. The estimation has showed that the consumption of leaded 
gasoline in the Republic of Komi in 2001 was about 80 thousand tons, that of unleaded 
gasoline ∼ 40 thousand tons, and that of diesel fuel ∼ 510 thousand tons. 

 
 
2.11. Waste incineration 
 
This section includes controllable incineration of municipal solid waste  

(MSW), industrial wastes, medical wastes, sewage deposits and cremation [4, 13]. 
Among mentioned above objects the only one submitted the quantitative data 

was the incineration plant in Murmansk. The plant has been purchased in Czechia, its 
annual capacity in the terms of solid household waste is 600000 m3 or 120 000 tons. 
The plant processes solid household wastes from the following cities: Murmansk, Kola 
and Severomorsk. 

 
 
2.12. Fires and other open combustion processes 
 
Significant dioxin sources include uncontrollable incineration processes, 

namely, forest fires, open combustion of agricultural and household wastes, 
combustion of PCB-containing equipment, casual fires in buildings, on dumps, in 
transport and other places [4, 13]. This list is rather wide and hardly subject to 
quantitative estimation. 

In the State report on the environment preservation [16] only data contains on 
forest fires. Acc. to [16], 11 thousand ha of forests was destroyed in Arkhangelsk 
region in 2001 due to forest fires, in Murmansk region – 5300 ha of forests, and in the 
Republic of Komi – 8500 ha of forests (514 forest fires). 

The value of wood losses from a fire is submitted in the Toolkit [4]. So, the 
forest biomass incinerated at fires in the Great Britain was 23 tons per a hectare. 
According to EPA (USA), losses at forest fire are 23 t/ha as well. 

Taking this value for estimations, we can receive volume of incinerated forests: 
this is 253 thousand tons in Arkhangelsk region, 122 thousand tons in Murmansk 
region, and 196 thousand tons in the Republic of Komi. 

In the papers devoted to environmental problems of considered region, 
necessity of household waste salvaging is discussed, which is quite often thrown out 
along the roads. However there is no data available on what part of waste products is 
incinerated at dumps. 

 
 
2.13. Light industry 
 
In the Toolkit [4] two branches of light industry are considered with possible 

formation of dioxins, which releases into air does not vitally occur: 
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• textile enterprises, where the raw material may be used polluted with such 
pesticides as pentachlorophenol or dyes on the basis of chloranil (it is known, that 
these two products contain dioxins, however production of pentachlorophenol in 
Russia was phased out in 1989-1990, that of chloranil – in 1988-1989); 

• tanning enterprises, where production may be polluted with 
pentachlorophenol. 

There are knitting and shoe making manufactures at the territories of 
Arkhangelsk and Murmansk regions and of the Republic of Komi (Table 2), for 
example, PJSC “Soyuz” (garments) and PJSC “Severyanka” (footwear) 
(Arkhangelsk), Leather-and-shoe enterprise (Syktyvkar, Republic of Komi). 

 
 
2.14. Other Facilities 
 
Among other facilities located in Arkhangelsk region one should distinguish the 

cosmodrome “Plesetsk”. It pollutes the territory (not only that of Arkhangelsk region) 
by rocket fuel components (mainly, heptyl). In the Republic of Komi the site  339 000 
hectares was allotted (named as “Pechora”) for falling of rocket parts with residuals of 
rocket fuel. But evidently no dioxins are formed from the rocket fuel. 

Carried out by us [18] experimental definition of dioxin contents at the area of 
falling of rocket parts with residuals of rocket fuel in the Republic of Altai (pollution 
with parts of rockets launched from cosmodrome “Baikonur”) has shown their small 
contents (∼ 0.5 pg TE/g of soil) that is most probably stipulated by transboundary 
transport. 

There is a large nuclear and technological complex in Murmansk region. 
Extraction of natural radioactive raw material is carried out by Lovozersky and 
Kovdorsky Mining and Processing Enterprises. 

 
3. Technological parameters influencing formation of dioxins and furans 

and their emission factors 
 
3.1. Timber industry complex 
 
Pulp-and-paper industry 
 
Manufacturing of a paper and cardboard consists of three stages: manufacturing 

of cellulose, its processing, and manufacturing of paper or cardboard. Cellulose 
processing using pulping in an alkaline environment results in cellulose fibers 
separating from lignine of wood. Residual, so-called, black alkali liquor is subject to 
evaporation and incineration in recovery boiler with energy liberation. 

As lignine contains phenolic fragments, its chlorination during cellulose 
bleaching inevitably results in formation of chlorinated phenols and phenoxyphenols 
(PCDD/PCDF predecessors). Bleaching of cellulose can be carried out using chlorine 
and its compounds: chlorine dioxide of (ClO2), hypochlorites, chlorates. Recently 
chorine-free methods of cellulose bleaching have been implemented: with the help of 
oxygen, peroxide (H2O2) or peracetic acid. 

It was reported [19] that the pulp-and-paper mills in Arkhangelsk region replace 
chlorine using as bleaching agent with chlorine dioxide. 
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The basic releases into air from the pulp-and-paper producing enterprises occur 
as a result of energy production, rather than due to industrial process itself. 

Pulp-and-paper factories incinerate lignine (formed during pulping) for energy 
production that is used directly at the enterprises. Besides waste products, wood chips, 
bark, etc. can be incinerated in boilers. Average volumes of gas emissions are 6000-
9000 m3/ ton of cellulose, and dioxin concentrations reach 1.4 ng TE/m3 [4]. 

The boilers operating on craft-pulp alkali liquor are used in the pulp and paper 
industry for incineration of concentrated black alkali liquor. The majority of them are 
equipped with simple gas treatment devices, for example, cyclones, wet scrubbers or 
electrostatic precipitators. Average concentrations for this case range from 0.004 to 
0.008 ng TE/m3 or 0.007 μg TE/m3 of black alkali liquor [4]. Virtually the same data 
(0.001 to 0.012 or on the average 0.006 ng/m3) were submitted in the monograph [7]. 

In sodoregenerating boilers under alkaline conditions and high temperatures 
dioxins formed may be simultaneously neutralized due to dechlorination or molecular 
decomposition of dioxin.  

Table 3 shows emission factors recommended in the Toolkit [4]. For 
incineration of silts and wood in boilers operating on black liquor, the recommended 
emission factor was 0.07 μg TE/ton of raw materials that approximately corresponds 
to average value between the maximum (1.4 ng TE/m3) and minimum (0.006 ng 
TE/m3) dioxin contents in gas releases. Probably, such difference of dioxin contents in 
releases is connected to character of incinerated material. So, for the bark incinerating 
boilers the recommended in [4] emission factor is 0.4 μg TE/ton of raw material. 

Recalculation of emission factor for incinerated material of 0.07 μg TE/ton into 
a ton of produced cellulose adjusted for average value of gas releases (equal to 7500 
m3 / ton of cellulose), results the value of 0.5 μg TE/ton of cellulose. 

 
 

Table 3 
Emission factors recommended in the Toolkit [4] 

Incinerated material Emission factor, μg TE/ton of raw 
material 

Black alkali liquor, silts and wood 0.07 
Bark 0.4 

 
The range of possible fluctuations of emission factor is 1.3 to 0.007 μg TE/ton 

of incinerated raw material or 10 to 0.05 μg TE/ton of cellulose. Availability of data 
on incinerated raw material composition and on the process details would allow 
considerably narrowing this range. At the Krasnoyarsk PPM the emission factor for 
choric bleaching stage has been experimentally determined to be ∼ 0.6 μg TE/ton of 
cellulose [7]. 

 
Other enterprises of timber industry complex 
 
Another path of dioxin pollution is connected with wood antiseptization using 

sodium pentachlorophenolate. And though now this antiseptic agent is not applied, its 
prolonged use has led to pollution of soil and wooden structures, and not only at pulp-
and-paper mills, but also at other timber industry enterprises [19]. 
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3.2. Non-ferrous metallurgy 
 
Production of copper, nickel and cobalt 
 
Production and refining of non-ferrous metals use a lot of processes. The 

greatest stocks of nickel contain in copper-nickel ores. Copper and nickel are extracted 
with floatation, fused with blow-down for iron separation and production of so-called 
converter matte – copper and nickel sulfides. Then the following processes are carried 
out: separation of copper and nickel sulfides, sulfur removal by roasting, reduction of 
nickel oxide in electric arc furnaces, and electrolytic refinement of nickel bullions. In 
the oxidized nickel ores cobalt acts as a valuable driver.  

Table 4 shows the emission factors recommended in the Toolkit [4] for thermal 
processes of non-ferrous metallurgy. When processing the polluted scrap with simple 
dust collection or its lack the recommended emission factor is 100 μg TE/ton of 
product.  

 
 

Table 4 
Emission factors recommended in the Toolkit [4] for thermal processes of non-ferrous 

metallurgy 
Process details Emission factor, μg TE/ton of 

product 
Polluted scrap processing with simple dust 
collection or its lack. 

100 

Refined scrap processing using fabric filters, 
afterburners and injectors of lime 

2 

 
 
For the processes using refined scrap and equipped with fabric filters, 

afterburners and injectors of lime into off-gases the emission factor can be accepted as 
equal to 2. Naturally that using of chlorine and chlorides considerably increases the 
probability of dioxins formation. 

Taking into account the fact that the primary production of MSE 
“Pechenganickel” is “converter matte”– intermediate product for manufacture of 
nickel and copper, the emission factor for this production was assumed to be minimum 
– 2 μg TE/ton of product. 

In the work [20] executed within international GEF project, it was reported that 
the Enterprise “Severonickel” processes nickel and copper ore and “converter matte” 
from MSE “Norilsk Nickel” (Polar branch) and “Pechenganickel”, and scrap and 
wastes as well. There was information in the Internet (www.murmannews.ru) 
concerning chlorine leakage at the Enterprise “Severonickel”. Assuming the amount of 
processed scrap to be 10 % of general load, the emission factor for this production will 
be 12 μg TE/ton of product. 

In this case consideration of a known range and selection of average value is 
not meaningful, as the emission factor mainly depends on the type of raw material 
used at both enterprises So, processing of even 10 % of the polluted scrap at the 

http://www.murmannews.ru/
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Enterprise “Severonickel” results in increasing of the emission factor in comparison 
with that at MSE “Pechenganickel” in 6 times, from 2 to 12 μg TE/ton. Within the 
framework of the emission factors selected for each enterprise, the certain fluctuations 
are possible connected to the dust collection technology and off-gases clearing. The 
most probable deviations are 2-3 times, thus for MSE “Pechenganickel” the likely 
range of emission factor is from 1 to 5 μg TE/ton, and that for the Enterprise 
“Severonickel” is from 5 to 30 μg TE/ton. 

 
 
Rare metals production 
 
For rare metals production at Lovozersky Mining and Processing Enterprise 

(PJSC “Sevredmet”), which probably now includes mainly extraction and enrichment 
of loparite ore, the minimum emission factor was assumed to be 0.2 μg TE/ton of 
product, that is recommended in [4] for crushing of various raw material and waste 
products. 

 
Aluminum production 
 
In aluminum production aluminum ore, mainly bauxites, are cleaned up to 

aluminum hydroxide, and then are electrolythically reduced to metal aluminum. They 
connect dioxin formation with the use of carbonic anodes, but release levels are 
apparently rather low. Dioxin formation depends mainly on amount of processed 
scrap. 

Releases into air may vary considerably depending on scrap composition, 
preliminary treatment of raw material, and on used furnace types and gas treatment 
systems as well. 

For the emission factors recommended in the Toolkit [4], see Table 5. 
 

 
Table 5 

The emission factors recommended in the Toolkit [4] for aluminum production 
Process details Emission factor, 

μg TE/ton of metal 
Scrap processing with minimal raw refining, simple dust 
collection 

150 

Scrap processing using fabric filters, injectors of lime 
and proper control 

35 

Aluminum chip/scrap processing with preliminary drying 10 
Dioxin releases control: afterburners, injectors of lime, 
activated carbon 

0.5 

 
According to the Toolkit [4], for thermal treatment of aluminum scrap with 

minimum clearing of raw material and simple gas treatment system, the dioxin 
emission factor is 150 μg TE/ton of aluminum. For thermal treatment of aluminum 
with scrap clearing, proper control, availability of fabric filters, and injection of lime 
the emission factor reduces up to 35 μg TE/ton. For thermal treatment of aluminum 
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chip with desiccation for reduction of oily materials amount, the emission factor of 10 
μg TE/ton of aluminum is recommended. And for achieving the 4th class processes, 
where emission factor can be assumed as 0.5 μg TE/ton, the best conditions should be 
created for dioxin releases control: afterburners, injectors of lime, fabric filters and 
activated carbon. 

For estimation of all these and other numerous factors influencing dioxins 
formation, the detailed acquaintance with the production technology at each certain 
enterprise is necessary. 

For the Kandalaksha aluminum plant, rather large manufacturer of aluminum, 
apparently, the basic raw material is bauxite ore, especially as the production of this 
ore is carried out near at hand, for example, at Severoonezhsky bauxite mine in 
Arkhangelsk region. The amount of processed aluminum scrap can be assumed as at 
most 10 %. Under these conditions the emission factor can be assumed as equal to 10 
μg TE/ton of aluminum. 

At the Kandalaksha aluminum plant, the manufacture conditions are scarcely 
realized, at which emission factors may achieve their extreme values of 150 μg TE/ton 
or 0.5 μg TE/ton of aluminum. Actual deviations from the selected emission factor are 
~ 10 μg TE/ton, for the given enterprise one can accept these to be 2-50 μg TE/ ton of 
aluminum. 

In Germany dioxin emission factors for 25 enterprises have been determined to 
be from 0.01 to 167 μg TE/ton of scrap, thus the value above 100 μg TE/ton was only 
registered at 3 enterprises, and the value below 1 μg TE/ton – at 2 enterprises [13]. In 
the USA the emission factor range has been determined to be 0.26-36 μg TE/ton, that 
in Europe – 5-100 μg TE/ton with average value 22 μg TE/ton [13]. 

In Russia the emission factor at Krasnoyarsk plants depending on the process 
was 1.4 or 11.2 μg TE/ton of aluminum [7]. 

 
Bauxite ore production 
 
Production of bauxites and clays at the Severoonezhsky bauxite mine 

(Arkhangelsk region) and PJSC “Timana Bauxites” (the Republic of Komi), 
apparently, is not a source of dioxin releases. At the same time recent data allows to 
suppose that dioxins could occur in the environment even prior to the beginning of 
chlorine industry development. High concentrations of predominantly PCDD have 
been found out in the fodder clay extracted in the USA, in kaolinite from Germany and 
other places [4]. 

 
Other enterprises 
 
As the production of titanium dioxide at Seregovsky salt-works is only planned 

in 2005, no dioxin releases should be at this enterprise yet. 
Due to data lack concerning the applied thermal processes and pollutants 

releases into atmosphere, it is impossible to estimate an opportunity of dioxin releases 
at PJSC “Marganets Komi” and CJSC “Khoilinsky GOK”. 
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3.3. Electric and power-and-thermal engineering 
 
In power engineering fuel incineration is one of the well-known sources of 

dioxin releases and is usually taken in account when carrying out the inventories. The 
majority of the electric power consumed today in the world, being produced using the 
power stations operating using fossil fuel. The heat-producing equipment for heating 
operates on fossil fuel and biofuel (basically, wood) with addition of organic wastes in 
amount of at most one third of furnace load capacity. 

For dioxin emission factors for all kind of fossil fuels, see Table 6. 
The table includes as follows: 
• reference values of combustion heat emitted at incineration of various fuels 

[4]; 
• emission factors gained from the Toolkit [4], μg TE/TJ; 
• fluctuation ranges of emission factors, μg TE/TJ [4]; 
• fluctuation ranges of emission factors, μg TE/t [13] 
• data gained in Krasnoyarsk, μg TE/t [7]; 
• emission factors gained from the Toolkit [4] and reduced to 1 TCE adjusted 

for the conversion factor of 0.0293 TJ/TCE. 
For estimation of the average emission factor in the cases, when various kinds 

of fuel are used, the following formula was applied 

FΣ = Σ FiGi / Σ Gi 

where FΣ, Fi – total and individual dioxin emission factor, μg TE/TCE; 
 Gi – consumption of each fuel type, TCE. 

 
In accordance to [4], emission factors for incineration of non-polluted wood 

have been estimated on the basis of average value 4.7 to 5.4 μg TEQ/ton of the 
incinerated wood or 330-370 μg TE/TJ, i.e. average value is 350 μg TE/TJ. However 
the table of the recommended emission factors for power boilers operating with non-
polluted wood shows the emission factor to be 50 μg TE/TJ, which better corresponds 
to average emission factor submitted in [13] for non-polluted wood. 

 
It is necessary to note that low emission factors correspond to non-polluted 

wood with off-gases cleaning with electrofilter or multicyclone. Pollutions drastically 
increase the emission factor. 

 
The emission factors for wood wastes fall into the range of 9-19 μg TE/ton 

[13]. The largest factor of 120 μg TEQ/ton was received for wood wastes impregnated 
with chlorophenol. Emission factor experimentally gained in Krasnoyarsk was 16.4 μg 
TE/ton [7].  
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Table 6 
Dioxin emission factor for incinerating of various fuels in power engineering 

 
Kind of fuel Natural 

gas 
Diesel fuel Black 

oil 
Coal Wood 

Quantity of heat emitted when 
incinerating of 1 ton of fuel, GJ 
[4] 

41-45 44-46 44-46 28-35 12-15 

Emission factor, μg TE/TJ of 
incinerated fuel [4] 0.5 0.5 2.5 10 50 

Fluctuation range of emission 
factors, μg TE/TJ [4] 0.5-1.5 0.5-1.5 1-4 7-230 330-370 

Fluctuation range of emission 
factors, μg TE/t [13]    0.2-

18.8 
0.03-
1.6 0.002-1.2 

Emission factors gained in 
Krasnoyarsk, μg TE/t of fuel [7]   45.0 18.8 16.4 

Emission factor, μg TE/TCE of 
incinerated fuel 0.015 0.015 0.073 0.29 1.5 

 
The emission factor for coal incineration has been estimated in [4] on the basis 

of the received average values from 7 to 230 μg TE/TJ. Submitted in [13] data 
fluctuation for the various countries was 0.03-1.6 μg TE/ton. At a number of thermal 
power station in Krasnoyarsk the resulted average emission factor was 18.8 μg TE/ton 
[7]. 

The emission factor for black oil incineration has been estimated in the Toolkit 
[4] on the basis of the averaged received values as being 1 to 4 μg TE/TJ. In [13] 
wider interval of the emission factor values was submitted, from 0.2 (USA) to 18.8 
(Czechia) μg TE/ton of black oil. The largest value of 45 μg TE/ton was gained from 
the researches carried out in Krasnoyarsk [7]. 

For diesel fuel or natural gas incineration the value was selected in the Toolkit 
[4] on the basis of the averaged received values in the range of 0.5-1.5 μg TE/TJ. 

 
 
3.4. Housing and communal services 
 
For dioxin emission factors for all kinds of fuels used in housing and communal 

services, see Table 7. 
For incineration of wood and biofuel for housing and communal services the 

Toolkit [4] allocates two classes of emission factors. For Class 1, incineration of 
polluted fuel, the average emission factor is 1500 μg TE/TJ or 25 μg TE/t with the 
range of the gained data from 2 to 50 μg TE/t. For non-polluted fuels the selected 
average emission factor was 100 μg TE/TJ or 1.5 μg TE/t, at fluctuation range from 
0.2 to 2 μg TE/t. 

In [13] emission factors of incineration in the housing and communal sector are 
grouped separately for firewood (from 0.01 to 8.5 μg TE/t), wood wastes (100-1400 
μg TE/t) and polluted wood (50-500 μg TE/t). For bark and wood chips incineration 
there is only one emission factor gained in Russia, 133 μg TE/t [7]. 
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Table 7 
Dioxin emission factor for incinerating of various fuels in the housing and communal 

sector 
 
Kind of fuel Natural 

gas 
Coal Fuel oil Non-

polluted 
wood 

Polluted 
wood 

Emission factor, μg TE/TJ of fuel 
incinerated [4] 1.5 70 10 100 1500 

Fluctuation range of emission 
factors, μg TE/t [4] 

0.05-
0.09 1-7  0.2-2 2-50 

Fluctuation range of emission 
factors, μg TE/t of fuel [13]  0.7-

274  0.01-8.5 50-500 

Emission factors gained in 
Krasnoyarsk, μg TE/t [7]  1.6   133 

Emission factor, μg TE/TCE of 
incinerated fuel 0.044 2.1 0.29 2.9 44 

 
The accepted in the Toolkit [4] average emission factor for coal application in 

household heating is 70 μg TE/TJ or 2 μg TE/ton. Thus general data falls into range 
from 1 to 7 μg TE/ton. In [13] the emission factor range are wider: from 0.7 to 274 μg 
TE/ton of coal. It is interesting, that in Krasnoyarsk the emission factor has proved to 
be rather low – 1.6 μg TE/ton [7]. 

For natural gas the accepted average value was 0.05 ng TE/m3 with variations 
from 0.04 to 0.07 ng TE/m3 [4]. Average combustion heat of gas is 32-35 MJ/m3. 

We recalculated average dioxin emission factors for incineration of various 
kinds of fuel taken from [4] in μg TE/TJ into μg TE/TCE using conversion factor of 
0.0293 TJ/TCE. 

 
3.5. Production and processing of fuel 
 
In the basic processes of oil, natural gas and coal production no dioxin 

formation occurs. Therefore in the Toolkit [4] and other reference books on dioxin 
emission factors [7, 13] fuel production is not considered to be a source of dioxin 
releases. 

At the same time oil production includes incineration of the part of 
accompanying gas, and that of coal is accompanied with dumps combustion. The data 
on the accompanying gas amount incinerated at oil production and on coal amount 
combusted in dumps were used in the Russian Federation for estimation of carbon 
dioxide releases for the purposes of the frame convention of the United Nations on the 
climate changing. 

 
Oil production 
 
The amount of the accompanying gas incinerated at the oil-and-gas fields 

averaged across Russia is about 1 % of the produced oil volume. The average emission 
factor for the natural gas combustion has been assumed to be equal 0.07 μg TE/ton of 
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fuel on the basis of the data submitted in table 7. In recalculation per 1 ton of produced 
oil the emission factor is 0.0007 μg TE. We used this value for calculations. 

 
Coal production 
 
Due to combustion of dumps approximately 0.7 % from volume of produced 

coal is incinerated on the average across Russia. The average dioxin emission factor 
recommended in the Toolkit [4] for household coal incineration was 2 μg TE/ton. In 
recalculation per 1 ton of produced coal the emission factor is about 0.015 μg TE. We 
used this value for calculations. 

 
Oil refining 
 
It is only known [4] about one potential dioxin source in petroleum-refining 

industry: catalyst regeneration from the carbonaceous deposits formed during cracking 
of oil. The carbonaceous catalyst is continuously or regularly removed for regeneration 
by burning off the coal with air at the presence of steam. To maintain catalytic activity 
it contains organochlorine compounds, for example, trichloroethylene or 
perchloroethylene. Thus in [4] this dioxin releases source is estimated only 
qualitatively, and no data for calculation of the emission factor is submitted. 

In the Republic of Komi oil refining is carried out in large volumes with the 
output of gasoline, diesel fuel and black oil, however, there are no data on occurrence 
of catalytic cracking facilities. Taking into account great production volumes, it is 
desirable to estimate at least qualitatively probable dioxin releases from this source. 

It is known, that depending on the catalyst, during cracking from 4 to 6 % of 
initial raw material turns onto coke, which deposits on the catalyst surface. One can 
assumed that the dioxin emission factor at regeneration of carbonized catalyst due to 
coke burning-off with air at the temperatures of 650-750°C is close to that of coal 
incineration submitted in tables 6 and 7. 

Taking into account that coke deposits are distributed across highly developed 
surface of the catalyst, burning-off the coke should occur effectively enough, and the 
emission factor value should approach to the minimal value received at coal 
incineration in power engineering – 0.29 μg TE/TCE (table 6) or per 1 ton as for coal 
these values are close to each other. For average value of formed coke of 5 % from 
supplied for cracking raw petroleum, the emission factor reduced to initial raw 
material will be 0.29 × 0.05 = 0.015 μg TE/ton. 

This result is close to the emission factor at regeneration of the oil refining 
catalyst of 1.52 ng/barrel of product submitted in [7], recalculation gives ∼ 0.013 μg 
TE/ton. 

Proceeding from total amount of processed oil, output of gasoline and separate 
products at primary oil refining, one can conclude that all kinds of fuel in the Republic 
of Komi are produced, basically, due to primary processing. Assuming that 20 % of 
gasoline or 90 thousand tons are produced during secondary processing using catalytic 
cracking and the gasoline output is 50 %, the amount of processed initial raw materials 
will be equal to 180 thousand tons. In this case dioxin releases will be 180 000 × 0.015 
= 2700 μg or ∼ 3 mg. These approximate calculations apparently show that this source 
of dioxin releases in the Republic of Komi is insignificant and can be neglected. 
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Natural gas processing 
 
At processing (separation) of natural gas using physical methods (rectification, 

absorption) dioxin formation does not occur. Dioxin synthesis is only possible at high-
temperature chemical processing at presence of oxygen, and also at incineration of 
relief gases or wastes. 

For production of technical carbon (soot) using thermal and thermal-oxidative 
pyrolysis of hydrocarbons contained in natural gas and petroleum oils, process is 
carried out under the temperatures of 1100-1900°C with heat supply due to natural gas 
incineration, this should result in dioxins formation.  

The rough mass and heat balance of the technical carbon production was 
executed for calculation of the emission factor. This balance showed the natural gas 
consumption to be of ∼ 4 thousand Nm3 per 1 ton of soot. Taking into account that 
soot catalyzes dioxin formation, we selected the upper value of 0.07 ng TE/Nm3 from 
the available range of emission factors for natural gas incineration. Proceeding from 
this, the dioxin emission factor per 1 ton of technical carbon was assumed to be ∼ 
0.3 μg TE. 

 
Coal processing 
 
Dioxins formation at coal processing occurs at ground (in gas generators) or 

underground gasification of solid fuel, as this process is carried out under high 
temperatures at the presence of oxygen, air, water vapors or carbon dioxide. 

Besides a significant source of dioxide releases could be a coke production 
from coking coals with their heating to temperatures of 1350-1380°C. According to 
the Toolkit [4], the range of emission factors for the coke production process is 3-
0.3 μg TE/ton of coke. 

Taking into account great production volumes of the coking coals in the 
Republic of Komi – 12.2 mln tons, its processing into coke would become the largest 
source of dioxin releases in the Republic. However data concerning utilization of the 
above-stated processes in the surveyed regions is unavailable. 

 
 
3.6. Ferrous metallurgy 
 
Extraction and manufacture of iron-ore concentrate 
 
Kovdorsky MPE produces three kinds of concentrates using chemical refining 

technology from the ore extracted by quarrying. It is known [4] that dioxins form at 
agglomeration of iron ore, which is carried out under the temperatures of 1100-1200°C 
at the presence of carbon-bearing additives (mainly, coke). At this stage we could not 
find out, what high-temperature processes and in what degree had been applied at the 
enterprise, and hence could not estimate dioxin releases. 

It is only known that pollutant releases into atmosphere arisen from Kovdorsky 
MPE (8.1 thousand tons/year) and Olenegorsky MPE (11 thousand tons/year) contain 
significant amounts of sulfur dioxide and carbon oxide, and that about 90 % of the 
pollutants are caught. This indicates the use of high-temperature processes of 
production treatment at these enterprises.  
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Sintering of small-sized particles of metal ores at agglomeration is carried out 
on lattices using coke incineration. Apparently, that this combustion is insufficiently 
efficient, therefore the contents of carbon oxide in gas emissions from Olenegorsky 
MPE are ∼ in 40 times higher, than, for example, at Apatity thermal power station, 
where coal is incinerated as well, but incineration process of burning is arranged 
efficiently enough. 

As the amount of the iron oxide subjected to agglomeration is not known, it is 
possible to evaluate releases by amount of incinerated coal. From amount of pollutant 
releases before their catching at Olenegorsky MPE and Apatity thermal power station 
(the catching level of pollutants is equal to 89 and 87 %, accordingly) and from the 
coal amount utilized as fuel at the Apatity thermal power station, it is possible to 
quantify the coal incinerated at Olenegorsk MPE. 

Then one can calculate total dioxin releases using the emission factor for 
household coal combustion (i.e. for insufficiently efficient incineration) – 70 μg TE/TJ 
and divide this value into general production of iron oxide at the enterprise. The 
resulting figure – 0.12 μg TE/ton of iron oxide – has been assumed for estimation of 
total dioxin releases at Kovdorsky and Olenegorsky MPEs. 

For reference: recommended in the Toolkit [4] emission factors for 
agglomeration of iron ore submitted in Table 8 are as follows (in μg TE/ton of 
agglomerate produced): 20 – at high degree of waste utilization; 5 – at low degree of 
waste utilization and good control; 0.3 – at hi-tech releases reduction. 

 
Table 8 

Recommended in the Toolkit [4] emission factors for agglomeration of iron ore 
Process details Emission factor, μg TE/ton 

High degree of waste utilization, including oil-
polluted materials 

20 

Low degree of waste utilization and good control 5 
Hi-tech releases reduction 0.3 

 
Extra low value of the received by us estimated emission factor is obviously 

connected with the fact that at these MPEs the ore is not totally subject to 
agglomeration. 

When defining possible fluctuations range of the dioxin emission factor for 
these two enterprises one should actually consider coal incineration in the housing and 
communal sector. In the Toolkit [4] two rather overestimated parameters received in 
the Austrian and Swiss researches are rejected, as in all the other similar researches of 
coal incineration in the housing and communal sector these steadily keep within the 
range from 1 to 7 μg TE/ton. Thus, for coal the average value of 2 μg TE/ton has been 
selected. Taking into account the average combustion heat of coal being 28-35 MJ/kg, 
the emission factor has been assumed as about 70 μg TE/TJ. The fluctuation range of 
the emission factor was 30-250 μg TE/TJ or 1-7 μg TE/TCE of the coal incinerated or 
0.06-0.42 μg TE/ton of iron ore. 

The range of emission factors for agglomeration is 0.3-20 μg TE/ton [13]. 
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Steelmaking 
 
For steel smelting we have chosen average emission factor among suggested in 

[4] ones (Table 9), 3 μg TE/ton of liquid steel. This emission factor is recommended in 
[4] for processes using uncontaminated metal scrap / clear iron, afterburner and fabric 
filter. 

 
Table 9 

Recommended in the Toolkit [4] emission factors for steel-making 
Process details Emission factor, μg TE/ton 

Processing of scrap polluted with coolants and other 
pollutants, preheating of scrap, limited control 

10 

Processing of non-polluted scrap, clean iron, afterburner 
and fabric filter 

3 

Processing of non-polluted scrap and clean iron using 
oxygen-blown converters and electric arc furnaces 

0.1 

Blast furnaces with air pollution control systems 0.01 
 
  
At scrap processing polluted with coolants and other pollutants using scrap 

preheating to increase efficiency and with limited control of process, the recommended 
emission factor is 10 μg TE/ton of liquid steel [4]. At the European steelmaking 
enterprises using oxygen-blown converters and electric arc furnaces, characterized by 
low PCDD/PCDF emissions, and also non-polluted scrap and clean iron, the 
recommended dioxin emission factor is 0.1 μg TE/ton. For blast furnaces with the air 
pollution control system the dioxin emission factor was assumed as 0.01 μg TE/ton of 
steel.  

For the Russian steelmaking enterprises the fluctuation range of the emission 
factor may be assumed from 1 to 10 μg TE/ton. The range of dioxin emission factors 
submitted in [13] is 0.7 to 20 μg TE/ton of steel; it depends on pollution occurrence in 
scrap and gas releases clearing quality. The emission factor at Krasnoyarsk plant is 17 
μg TE/ton of steel [7]. 

 
 
3.7. Industry of construction materials 
 
Cement production 
 
For production of cement using the kilns operating on wet technology and 

equipped with electrofilters and with the off-gases temperature above 300°C, the 
Toolkit [4] (Table 10) recommends applying dioxin emission factor of 5 μg TE/ton of 
cement. We have accepted this value for estimations. 

The existence of fabric filters in addition to electrofilters and reducing the off-
gases temperatures below 300°C allows lowering emission factors. The average 
emission factor of 0.6 μg TE/ton of a product is applicable, when the temperature of 
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dust-collecting bag falls in a range between 200 and 300°C, and the emission factor of 
0.15 μg TEQ/ton of a product is used in events, when the temperature of the dust-
collecting bag is below 200°C [4]. The same emission factor is recommended for all 
types of kilns operating using dry process with the air pollution control system. 

 
Table 10 

Recommended in the Toolkit [4] emission factors for cement production 
 

Process details Emission factor, μg 
TE/ton 

Kilns operating using wet process, electrofilters, off-gases 
temperature above 300°C 

5 

Kilns operating using wet process, fabric filters, 
electrofilters, off-gases temperature 200-300°C 

0.6 

The same, but with the temperature below 200°C. Kilns 
operating using dry process, air pollution control system 
(all types) 

0.15 

 
The fluctuation range of the emission factor for the Savinsky and Vorkutinsky 

cement works may be assumed as 0.6 to 5 μg TEQ/ton. Widening of this range 
towards increasing is only possible, if a cement kiln is used for wastes incineration. 
Apparently this is the reason of abnormally high emission factor set at the PJSC 
“Cement” in Krasnoyarsk – 202 μg TE/ton of cement [7]. 

 
Brick production 
 
For brick production we have assumed the emission factor as 0.2 μg TE/ton of 

produced brick that is recommended in [4] (Table 11) for the case of cyclone 
application, but without control of dust releases. Lower emission factor of 0.02 μg 
TE/ton may be assumed for the modern enterprises with high standards of incineration 
control and with availability of dust collection system. 

 
Table 11 

Recommended in the Toolkit [4] emission factors for brick production 
Process details Emission factor, μg 

TE/ton 
Cyclone occurrence, but absence of dust release control 0.2 
Brick production using dust collection system 0.02 

 
In Germany at well controllable enterprises the range of emission factors was 

assumed as 0.002-0.23 μg TE/ton of brick. 
Thus dioxin emission factors for production of brick fall in a range of 0.02-0.2 

μg TE/ton. In this and in all above described processes the range of emission factor 
may be narrowed at more detailed acquaintance with the production know-how. 
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3.8. Transport 
 
According to [4] (Table 12), the emission factor for four-cycle engines (for 

example, passenger cars) using leaded gasoline is 2.2 μg TE/ton of incinerated fuel, 
and for those using unleaded gasoline without catalyst – 0.1 μg TE/ton. For vehicles 
equipped with catalyst converter of exhaust gases, dioxin releases are virtually absent, 
however, such vehicles are not practically used in Russia. 

 
Table 12 

Recommended in the Toolkit [4] emission factors for fuel incineration in four-
cycle engines 

Incinerated fuel Emission factor, μg TE/ton of 
fuel 

Leaded gasoline 2.2 
Unleaded gasoline 0.1 
Unleaded gasoline, catalyst converter 0 
Diesel fuel 0.5 
Liquefied and fuel gas 0.2 

 
The emission factor for diesel engines (for example, trucks) is 0.5 μg TE/ton of 

incinerated fuel [4]. For the engines using as fuel liquefied and fuel gas, the 
recommended emission factor is 0.2 μg TE/ton of incinerated fuel. 

For small two-cycle engines, where one cycle is a combined process of intake 
and exhaust and the other one is a process of compression, and where lubrication oil is 
added into fuel, the emission factor for leaded gasoline is 3.5 μg TE/ton incinerated 
fuel, and for unleaded fuel – 2.5 μg TE/ton of incinerated fuel [4]. 

No data is available on the influence of engine service life and level of its 
maintenance on the dioxin emission factor. Therefore for leaded gasoline the range of 
emission factor is assumed as 2.2-3.5 μg TE/ton, and for unleaded – 0.1-2.5 μg 
TE/ton. 

Dioxin releases may increase at engine starting up and warming-up, load 
changing, increased soot release. However no certain data is available concerning 
influence of these factors. 

Some contradictions of emission factors selection for combustion of fuel are 
considered in [13]. So, according to the last summaries (2000), emission factors 
accepted for diesel fuel and unleaded gasoline in Sweden, Netherlands, and Denmark 
were virtually identical. At dioxin inventory carried out in the USA, on the contrary, 
emission factors were equated for the diesel transport and the lead gasoline transport 
(172 pg TE/km), whereas for the unleaded gasoline transport this was two orders 
magnitude lower (1.7 pg TE/km).  

As a matter of fact, only in the USA at the end of 1980s extremely high 
concentrations of dioxins from diesel fuel incineration were set – up to 4900 pg TE/km 
(for comparison: these from combustion of leaded gasoline were assumed as 203 pg 
TE/km). At inventory of dioxin releases in Europe special experimental researches 
were carried out that proved relatively low levels of dioxin releases from combustion 
of diesel fuel. 
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Russian dioxin program on the basis of exhaust gases researches from leaded 
gasoline vehicles has allowed to gain the specific emission factor (in terms of dioxin 
equivalent), which fell in the range of 30-540 pg TE/km. 

 
 
3.9. Incineration of solid household waste products 
 
Emission factors for high-temperature incineration of solid household waste 

products (MSW) significantly depend on arrangement of the incineration process and 
the used Air Pollution Control System [4] (Table 13). 

 
Table 13 

Recommended in the Toolkit [4] emission factors for MSW incineration 
Process details Emission factor, μg TE/ton of 

MSW 
Low-tech incineration without air pollution control 
system 

3500 

Controllable incineration with minimal air pollution 
control system 

350 

Controllable incineration with well air pollution 
control system 

30 

Hi-tech incineration with complex air pollution 
control system. Dioxins content in gas releases at 
most 0.1 ng TE/Nm3 

0.5 

 
For low-tech incineration without the air pollution control system, the emission 

factor is 3500 μg TE/ton of incinerated MSW. The equipment performing controllable 
incineration with the minimum air pollution control system is referred to the second 
class. In this case the emission factor reduces by the order up to 350 μg TE/ton of 
incinerated MSW. Facilities referred to the third class perform controllable 
combustion using the good air pollution control system that allows reducing the 
emission factor by the order, up to 30 μg TE/ton of incinerated MSW.  

As stated in [4], the majority of plants using high-temperature incineration of 
MSW falls into classes 2 and 3. As the equipment for the Murmansk incineration plant 
has been purchased abroad, this plant may be referred to these classes as well. 

Only if dioxin contents in gas release do not exceed 0.1 ng TE/Nm3, the 
enterprise can be related to the 4th class, in which case the emission factor is assumed 
as 0.5 μg TE/ton of incinerated MSW [4]. 

In [13] dioxin emission factors for MSW incinerating were considered in more 
details for various technologies and levels of purification. Table 14 shows influence of 
temperature and number of purification steps upon dioxin emission factors. 
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Table 14 
Emission factors for continuous MSW incineration [13]. 

 
Incineration 

temperature, °C Purification Emission factor, μg 
TE/ton of MSW 

Multiple-stage 
Two-stage 

0.5 
6.3 1100-1200 

Single-stage 260 

800-900 Two-stage 
Single-stage 

275 
815 

 
In opinion of authors [13], for incineration plants of the former USSR with 

allowance for availability only the first purification stage and absence of waste 
separation, the dioxin emission factor may be assumed as 50 μg TE/ton of wastes. 
Only for two retrofitted Moscow incineration plants the emission factor can be 
assumed as 5 μg TE/ton. 

As there is only one step of gas releases purification at the Murmansk 
incineration plant, but an equipment is available for separation of ferrous and non-
ferrous metals, glass and plastics, we have assumed the emission factor as 40 μg 
TE/ton of incinerated MSW. 

The fluctuation range of the emission factor for the Murmansk incineration 
plant can be accepted rather small: from 20 to 100 μg TE/ton of incinerated MSW. 
The actual emission factor in many respects depends on the equipment state and 
availability of any control system. 

 
3.10. Fires and other processes of open combustion 
 
Fires and other processes of open combustion are referred to uncontrollable 

processes of combustion. For incinerating wood on open fire only scare data is 
available, the majority of researches are connected with closed wood-fired stoves. In 
the forest fires various materials are annihilated, including branches, leaves, alive and 
dead timber, while in the majority of incineration tests specially cut and dried logs are 
used. 

In the researches carried out in Netherlands, emission factors were 13-28.5 μg 
TE/ton that exceeded the factors received by the authors from German literature (0.7-
1.2 μg TE/ton). The Swiss work has informed on the emission factor of 0.77 μg 
TE/ton for the wood-fired stoves with an open door that simulated incineration in open 
fire [4]. 

In the Toolkit [4], for initial estimation of the forest fires the emission factor of 
5 μg TE/ton and fluctuation range of the emission factor of 0.7-28 μg TE/ton was 
suggested. 

For comparison, the emission factors was assumed in [4] as follows (μg TE/ton 
of incinerated material): 

• fires at dumps – 1000; 
• casual fires in buildings – 400; 
• uncontrollable combustion of household waste products – 300. 
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Thus, there are not connected with the basic manufacture sources of dioxin 
releases even with know emission factors, but with unavailable quantitative data 
concerning releases volumes. This concerns incineration of industrial or household 
waste products of various kind, dump combustions and casual fires. 

 
 
3.11. Considered industries with no dioxin releases revealed 

 
This section includes other considered industries, which can be subdivided by 

expert estimation of dioxin formation opportunity as follows. 
The first group contains branches or subbranches, for which no data on dioxins 

formation is available, and, most probably, on the basis of available knowledge of 
production technology no dioxins are formed or released: 

• Natural gas production 
• Primary oil refining with distillation 
• Extraction of various ores and their enrichment without calcinations 
Such technologies usually use physical methods of production, separation and 

processing, occurring at relatively low temperatures. 
The second group contains branches or technologies, for which no data on 

dioxins formation is available, bur dioxin formation is possible, even though 
negligible: 

• Mechanical engineering and metal working 
• Production of sulfuric acid 
The third group includes branches, for which some data on dioxins formation 

and/or occurrence is available, but the releases into atmosphere are estimated as 
inessential: 

• Provision and processing of wood raw 
• Secondary oil refining 
• Production of synthetic paintworks and plastics 
• Production of textile and footwear 

 
4. Estimation of dioxins and furans releases from the major industries and 
enterprises of Arkhangelsk and Murmansk Regions and of the Republic of 

Komi 
 
All the data submitted and considered in sections 2 and 3 were summarized in 

tables 15, 16 and 17, in which the releases of dioxins and furans into atmosphere from 
various sources in Arkhangelsk and Murmansk regions for 2001 were estimated. In the 
same tables 15, 16 and 17 the data of the annual state statistical reporting on pollutant 
emissions into atmosphere was included. 

The quantities of dioxins in releases of each considered industry and at the 
major enterprises were defined on the basis of capacity terms of product or used raw 
material (see graph 4) and the selected emission factor (see graph 5). For 
multiplication result of these values, see graph 6. 

If no experimental data is available upon emission factors, one specifies N/D 
(no data available) in Tables 15, 16 and 17. If emission factor is known as negligible, 
one specifies N/A (non applicable) in Tables 15, 16 and 17. 
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Total amount of released dioxins and furans in Arkhangelsk region from the 
revealed sources for 2001 was 5436 mg TE or ∼ 5.4 g TE. 

Total amount of released dioxins and furans in Murmansk region from the 
revealed sources for 2001 was 8388 mg TE or ∼ 8.4 g TE. 

Total amount of released dioxins and furans in the Republic of Komi from the 
revealed sources for 2001 was 4173 mg TE or ∼ 4.2 g TE. 

For contribution of various categories of dioxin and furan sources into the total 
releases amount in Arkhangelsk and Murmansk regions and in the Republic of Komi 
for 2001 (in mg TE and %), see Table 18 and Figs. 1, 2 and 3. 

It is interesting to note that the chemical industry, which was an ancestor of the 
dioxin problem, now is excluded from the major sources of PCDD/PCDF or from the 
releases sources at all, as in this case. The same tendency was noted when complying 
registers of dioxins and furans in various countries [5]. 

In Arkhangelsk region the most significant dioxin releases were connected with 
the forest fires, and with the cement and the pulp-and-paper industry as well, less 
significant ones with, electric and heat-and-power engineering, housing and communal 
services, and transport negligible or nonessential– with other industries. 

In Murmansk region the most significant dioxin releases belong to the 
Murmansk incineration plant, less significant ones – to ferrous and non-ferrous 
metallurgy and to the forest fires. Small releases are resulted from transport and 
electric and heat-and-power engineering, housing and communal services; negligible 
or nonessential– from other industries. 

In the Republic of Komi the most significant dioxin releases into atmosphere 
were found to be from forest fires, in electro- and heat-and-power industry and in the 
cement industry, less significant – in housing and communal services, at transport, at 
extraction and processing of fuel and in pulp and paper industry. In other industries 
these were insignificant. 
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Table 15 
Estimation of dioxins and furans releases in Arkhangelsk region from various sources for 

2001 
Nos. Industry and major 

enterprises 
Pollutants 
releases, 
thousand 
tons 

Capacity in the 
terms of product 
or used raw 
material 

Emission 
factor 

Amount 
of 
dioxins, 
mg TE 

1 2 3 4 5 6 
1. Timber industry complex, 

including: 
99.5   876 

1.1. Pulp-and-paper industry, 
including: 

91.0 1752 thousand 
tons of cellulose 

0.5 μg 
TE/ton 

876 

1.1.1. PJSC “Arkhangelsk PPM” 54.0 710 thousand tons -“- 355 
1.1.2. PJSC “Kotlass PPM” 22.2 842 thousand tons -“- 421 
1.1.3. PJSC “Solombalsky PPM” 14.8 200 thousand tons -«- 100 
1.2. Industrial wood production 8.5 9114 thousand 

dense m3 
N/A - 

2. Non-ferrous metallurgy, 
including: 

0.07   - 

2.1. PJSC “Severoonezhsky 
bauxite mine” 

0.034 1.2 mln tons of 
bauxites and clays 

N/D - 

2.2. PJSC “Severalmaz” 0.036 - - - 
3. Electric and heat-and-power 

engineering, 
including: 

140.6 3041 thousand 
TCE of fuel 

 780 

3.1. Arkhangelsk thermal power 
station 

26.0 820 thousand 
TCE of fuel 

0.073 μg 
TE/TCE 

60 

3.2. Severodvinsk thermal power 
station-1 

43.0 460 thousand 
TCE of fuel 

0.28 μg 
TE/TCE 

129 

3.3. Severodvinsk thermal power 
station-2 

12.1 460 thousand 
TCE of fuel 

0.073 μg 
TE/TCE 

34 

3.4. Other thermal power stations 6.0 210 thousand 
TCE of fuel 

0.1 μg 
TE/TCE 

21 

3.5. Municipal power engineering 
enterprises, including: 

53.5 851 thousand 
TCE of fuel 

0.63 μg 
TE/TCE 

536 

3.5.1. The city of Arkhangelsk 7.5 91.5 thousand 
TCE of fuel 

0.20 μg 
TE/TCE 

18 

3.5.2. Kotlass district 8.9 168.8 thousand 
TCE of fuel 

0.28 μg 
TE/TCE 

47 

3.5.3. Volsk district 6.2 60.7 thousand 
TCE of fuel 

0.48 μg 
TE/TCE 

29 

3.5.4. Kholmogory district 3.2 54.0 thousand 
TCE of fuel 

0.96 μg 
TE/TCE 

52 

4. Housing and communal 
services and population 

   664 

4.1. Housing and communal 
services 

30.6 310 thousand 
TCE of fuel 

2.1 μg 
TE/TCE 

651 

4.2. Population  ∼ 4.5 thousand 
TCE of fuel 

2.9 μg 
TE/TCE 

13 
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1 2 3 4 5 6 

5. Fuel production, including:    3 
5.1. Oil, including: 12.6 4586 thousand 

tons 
0.0007 
μg 
TE/ton 

3 

5.1.1 CJSC “Arctifcneft” 7.0    
5.2. Natural gas  338 mln m3 N/D - 
6. Ferrous metallurgy    16 
6.1. Steelmaking  5.5 thousand tons 3 μg 

TE/ton 
16 

7. Mechanical engineering and 
metal working, including: 

2.7   - 

7.1. FSUE “PA “Sevmash” 0.4  N/D - 
7.2. FSUE “Machine-building 

enterprise “Zvezdochka” 
(nuclear shipbuilding) 

1.2  N/D - 

7.3. PJSC “Krasnaya Kuznitsa” 
(Shipyard) 

0.2  N/D - 

8. Chemical industry: 
PJSC “Kotlass Chemical 
Plant” 

0.017 ∼2 thousand tons 
of paintwork 
materials and 
synthetic resins 

N/D - 

9. Industry of construction 
materials, including: 

8.2   1148 

9.1. PJSC “Savinsky Cement 
Plant” 

6.9 225 thousand tons 5 μg 
TE/ton 

1125 

9.2. Production of construction 
brick 

 115 thousand tons 0.2 μg 
TE/ton 

23 

10. Transport, including:     
10.1 Vehicle transport consumed 

as follows: 
 285800 vehicles  684 

10.1.1 Leaded gasoline  126 thousand tons 2.2 μg 
TE/ton 

277 

10.1.2 Unleaded gasoline  63 thousand tons 0.1 μg 
TE/ton 

6 

10.1.3 Diesel fuel  800 thousand tons 0.5 μg 
TE/ton 

400 

10.1.4 Liquefied and fuel gas  7 thousand tons 0.2 μg 
TE/ton 

1 

10.2. Water transport 0.5 N/D   
10.3. Air transport 0.5 N/D   
11. Forest fires  253 thousand tons 5 μg 

TE/ton 
1265 

12. Textile and tanning 
enterprises 

 See Table 2 N/A - 

13. Other objects     
13.1. Cosmodrome “Plesetsk”   N/A - 
 Total    5436 
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Table 16 
Estimation of dioxins and furans releases in Murmansk region from the revealed sources 

for 2001 
 

Nos. Industry and major 
enterprises 

Pollutants 
releases, 
thousand 
tons 

Capacity in the 
terms of product 
or used raw 
material 

Emission 
factor 

Amount 
of 
dioxins, 
mg TE 

1 2 3 4 5 6 
1. Timber industry complex, 

including: 
0.042   - 

 Industrial wood production, 
including: 

0.042 99.6 thousand 
dense m3 

N/A - 

1.1. Kovdorsky forestry 0.018    
2. Non-ferrous metallurgy, 

including: 
226   1280 

2.1. PJSC “Enterprise 
“Severonickel” 

55 ∼ 40 thousand 
tons * of non-
ferrous metals 

12 μg 
TE/ton  

480 

2.2. PJSC “MSE 
“Pechenganickel” 

156 ∼ 50 thousand 
tons* of non-
ferrous metals 

2 μg 
TE/ton  

100 

2.3. Lovozersky MPE 
(PJSC "Sevredmet”) 

0.3 ∼ 0.2 thousand 
tons* of rare 
metals 

0.2 μg 
TE/ton 

- 

2.4. PJSC “Kandalaksha 
Aluminum Plant” 
(KAZ-SUAL) 

14.7 70 thousand tons 
of aluminum 

10 μg 
TE/ton 

700 

3. Electric and heat-and-power 
engineering, 
including: 

58.9 1350 thousand 
TCE of fuel 

 219 

3.1. PJSC “Murmansk Thermal 
Power Station” 

12.2 405 thousand 
TCE of fuel 

0.073 μg 
TE/TCE 

30 

3.2. SRUHPEE “TEKOS” (city of 
Murmansk) 

12.1 395 thousand 
TCE of fuel 

-“- 29 

3.3. PJSC “Apatity Thermal 
Power Station” 

21.8 340 thousand 
TCE of fuel 

0.29 μg 
TE/TCE 

99 

3.4. Severomorsk SRUHPEE 8.5 130 thousand 
TCE of fuel 

-“- 38 

3.5. SRUHPEE “Kandalaksha 
Heating System” 

4.3 80 thousand 
TCE of fuel 

-“- 23 

4. Housing and communal 
services and population 

   153 

4.1. Housing and communal 
services 

24.5 320 thousand 
TCE of fuel 

0.45 μg 
TE/TCE 

144 

4.2. Population  3 thousand TCE 
of fuel 

2.9 μg 
TE/TCE 

9 

5. Fuel production    4 
5.1. Coal production  292 thousand 

tons 
0.015 μg 
TE/ton 

4 
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1 2 3 4 5 6 

6. Ferrous metallurgy, 
including: 

   935 

6.1. Kovdorsky MPE 8.1 1.75 mln tons of 
apatite 
4 mln tons of 
iron ore 

N/D 
 

0.12 μg 
TE/ton  

- 
 

480 

6.2. Olenegorsky MPE 
(PJSC “Olkon”) 

11.0 3.5 mln tons of 
iron ore 

0.12 μg 
TE/ton 

420 

6.3. Steelmaking  11.5 thousand 
tons 

3 μg 
TE/ton 

35 

7. Mechanical engineering and 
metal working, including: 

2.84   - 

7.1. FSUE “10th Shipyard” 1.34  N/D - 
7.2. Shipyard “Nerpa” 0.89  N/D - 
7.3. Olenegorsky Mechanical 

plant 
0.61  N/D - 

8. Chemical industry     
 PJSC “Apatite” 17.1 ∼ 7 mln tons of 

concentrate 
N/D - 

9. Industry of construction 
materials, 
including: 

0.38   5 

9.1. Olenegorsky plant of silicate 
brick 

0.06 25 thousand tons 0.2 μg 
TE/ton 

5 

9.2. PJSC “Kovdorsluda” 0.05  N/D - 
10. Transport, including: 185    
10.1. Vehicle transport consumed 

as follows: 
181 159150 vehicles  382 

10.1.1 Leaded gasoline  70 thousand tons 2.2 μg 
TE/ton 

154 

10.1.2 Unleaded gasoline  35 thousand tons 0.1 μg 
TE/ton 

4 

10.1.3 Diesel fuel  448 thousand 
tons 

0.5 μg 
TE/ton 

224 

10.2. Water transport 2.0 N/D  - 
10.3. Air transport 0.37 N/D  - 
10.4. Railway transport 0.034 N/D  - 
11. Murmansk incineration plant  120 thousand 

tons 
40 μg 
TE/ton 

4800 

12. Forest fires  122 thousand 
tons 

5 μg 
TE/ton 

610 

13. Textile and tanning 
enterprises 

 See Table 2 N/A - 

14 Other objects   N/D - 
 Total    8388 

* According to expert estimations 
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Table 17 
Estimation of dioxins and furans releases in the Republic of Komi from various sources for 2001 

Nos. Industry and major 
enterprises 

Pollutants 
releases, 
thousand 
tons 

Capacity in the 
terms of product 
or used raw 
material 

Emission 
factor 

Amount 
of 
dioxins, 
mg TE 

1 2 3 4 5 6 
1. Timber industry complex, 

including: 
34.5   240 

1.1. Pulp-and-paper industry:     
 PJSC “Syktyvkarsky LPK” 28.3 480 thousand 

tons of cellulose 
0.5 μg 
TE/ton 

240 

1.2. Industrial wood production 6.2 4971 thousand 
dense m3 

N/A - 

2. Mining complex    - 
2.1. PJSC “Marganets Komi”  36 thousand tons 

of manganese 
ore 

N/D - 

2.2. PJSC “Timana Bauxites”  750 thousand 
tons of bauxites 

N/D - 

3. Electric and heat-and-power 
engineering, 
including: 

85.7   946 

3.1. Syktyvkarskaya CHWBH  282 thousand 
TCE of fuel 

0.021 μg 
TE/TCE 

6 

3.2. Vorkuta thermal power 
station 1 

17.8 343 thousand 
TCE of fuel 

0.18 μg 
TE/TCE 

62 

3.3. Vorkuta thermal power 
station 2 

45.2 761 thousand 
TCE of fuel 

0.28 μg 
TE/TCE 

213 

3.4. Sosnogorsk thermal power 
station 

 626 thousand 
TCE of fuel 

0.015 μg 
TE/TCE 

9 

3.5. Inta thermal power station  134 thousand 
TCE of fuel 

0.29 μg 
TE/TCE 

39 

3.6. Pechora hydro power station  872 thousand 
TCE of fuel 

0.015 μg 
TE/TCE 

13 

3.7. Ukhta heat and electric 
systems 

 290 thousand 
TCE of fuel 

0.015 μg 
TE/TCE 

4 

3.8. Other thermal power stations  2000 thousand 
TCE of fuel 

0.3 μg 
TE/TCE 

600 

4. Housing and communal 
services and population 

   502 

4.1. Housing and communal 
services 

30.6 ∼ 410 thousand 
TCE of fuel 

1.2 μg 
TE/TCE 

492 

4.2. Population  ∼ 3.5 thousand 
TCE of fuel 

2.9 μg 
TE/TCE 

10 

5. Fuel production and 
processing, including: 

   296 

5.1. Oil production 121.3 9158 thousand 
tons 

0.0007 
μg 
TE/ton 

6 
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5.2. Oil refining, including: 7.6 3630 thousand 
tons 

 - 

5.2.1. Catalytic cracking  N/D 0.015 μg 
TE/ton 

- 

5.3. Gas industry, including: 92.1    
5.3.1. Gas production  3798 mln m3   - 
5.3.2. Gas processing  29.4 thousand 

tons of technical 
carbon 

0.3 μg 
TE/ton 

9 

5.4. Coal production 259.2 18777 thousand 
tons 

0.015 μg 
TE/ton 

281 

6. Ferrous metallurgy    1 
6.1. Steelmaking  0.3 thousand 

tons 
3 μg 
TE/ton 

1 

7. Mechanical engineering and 
metal working, including: 

   - 

7.1. “Ukhtagazstroymash”   N/D - 
7.2. Plant “Orbita” (Syltyvkar)   N/D - 
7.3. Syltyvkar plant of forest 

mechanical engineering 
  N/D - 

8. Chemical industry  15.5 thousand 
tons of plastics 

N/D - 

 JPSC “KOMITEX” 
(Syktyvkar) 

    

9. Industry of construction 
materials, including: 

21.5   773 

9.1. PJSC “Vorkutinsky Cement 
Plant” 

19.8 147 thousand 
tons 

5 μg 
TE/ton 

735 

9.2. Production of construction 
brick 

 190 thousand 
tons 

0.2 μg 
TE/ton 

38 

10. Vehicle transport consumed 
as follows: 

200 180000 vehicles.  435 

10.1. Leaded gasoline  80 thousand tons 2.2 μg 
TE/ton 

176 

10.2. Unleaded gasoline  40 thousand tons 0.1 μg 
TE/ton 

4 

10.3. Diesel fuel  510 thousand 
tons 

0.5 μg 
TE/ton 

255 

11. Forest fires  196 thousand 
tons 

5 μg 
TE/ton 

980 

12. Textile and tanning 
enterprises 

 See Table 2 N/A - 

 Total    4173 
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Table 18 

Contribution of various sources categories of dioxin and furan releases into the total releases in 2001 
 

Dioxin and furan releases 
Arkhangelsk region Murmansk region The Republic of Komi 

Nos. Source of dioxin and furan releases 

mg TE % mg TE % mg TE % 
1 Pulp-and-paper industry 876 16.1 - - 240 5.8 
2 Non-ferrous metallurgy - - 1280 15.3 - - 
3 Electric and heat-and-power 

engineering 
780 14.3 219 2.6 946 22.7 

4 Housing and communal services 
and population 

664 12.2 153 1.8 502 12.0 

5 Fuel production and processing 3 0.1 4 0.0 296 7.1 
6 Ferrous metallurgy 16 0.3 935 11.2 1 0.0 
7 Industry of construction materials 1148 21.1 5 0.1 773 18.5 
8 Transport 684 12.6 382 4.5 435 10.4 
9 MSW combustion - - 4800 57.2 -  
10 Forest fires 1265 23.3 610 7.3 980 23.5 
 Total 5436 100.0 8388 100.0 4173 100.0 
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Fig. 1. Contribution of various sources of dioxins and furans 
into total estimated releases in Arkhangelsk region in 2001 
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Fig. 2. Contribution of various sources of dioxins and furans 

into total releases in Murmansk region in 2001 
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Fig. 3. Contribution of various sources of dioxins and furans into 
total estimated releases in the Republic of Komi in 2001 
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5. Results of Gas Releases Dioxin Analyses and their Discussion 
 

Dioxin emission factors gained experimentally at the similar manufactures 
often differ by 1-2, and sometimes by 3 order of magnitude. This may occur due to the 
following reasons: 

• complex process of polychlorinated dibenzoparadioxins and polychlorinated 
dibenzofurans synthesis depending on a number of factors; 

• strong influence of impurities, mainly chlorine-bearing compounds, even in 
negligible amounts taking into account usually defined dioxins and furans levels 
consisting ngs or pgs per 1 Nm3 (i. e. 10-9-10-12 g/Nm3); 

• dioxins and furans contents in gas releases significantly depends on the used 
off-gases cleaning method (cyclones, dry and wet scrubbers or electrostatic, fabric and 
carbon filters); 

• process details make a certain contribution into fluctuations of dioxin 
contents in releases; 

• such low dioxin contents in releases increases drastically error possibilities 
of sampling and analyses, that’s why such analyses should be done by certificated 
labs. 

To prove stated above one can give a number of examples concerning dioxin 
contents ranges in releases of those productions, where analyses have been performed 
within this work. Recommended in the Toolkit [4] emission factors for incineration on 
solid household waste (MSW) were subdivided into classes depending on process 
details: 3500, 350, 30, and 0.5 μg TE/ton of MSW (Table 13). In the book [13] 
incineration plants were subdivided upon their construction time: dioxin content in gas 
releases of incineration plants constructed in 1970-s is 50 ng/Nm3, that of 1990-s – 5 
ng/Nm3, and that of the modern ones – 0.1 ng/Nm3. 

As one can see from this example, dioxin release sources are usually subdivided 
into classes differing in recommended emission factors or dioxin levels in gas releases 
by approximately an order of magnitude. So the 2-3 times difference between 
recommended and experimental dioxin emission factors may be considered as more of 
less satisfactory coincidence. 5-10 times difference and more may be connected with 
influence of impurities, gas releases purification quality of process details and requires 
adjustment of the given recommendations. 

According to the Toolkit [4], dioxin content in the off-gases at a Pulp and Paper 
Mill fluctuates from 0.004 to 1.4 ng/Nm3. Incineration of wood and wood waste in 
other conditions (in power engineering or in housing services) also gives a wide range 
of the received data. 

So, at firewoods incineration in power engineering emission factors are 0.002-
1.2 μg TE/ton, that for wood wastes – 9-19 μg TE/ton, and that for wood wastes 
impregnated with chlorophenol – 120 μg TE/ton [13].  

In accordance to [4], the emission factors for incineration of polluted wood is 
25 μg TE/ton, and for non-polluted firewood this is ∼ 15 times less – 1.5 μg TE/ton. It 
is noted [4, 13] that the highest emission factors are connected with wood 
antiseptization using sodium pentachlorophenolate or its impregnation with salt (for 
example due to sea transit). 

At coal incineration in power engineering dioxin emission factors fluctuate in 
accordance to [13] from 0.03 to 1.6 μg TE/ton, and in accordance to [4] from 0.25 to 8 
μg TE/ton (7-230 μg TE/TJ). In Krasnoyarsk an abnormally high emission factor was 
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received – 18.8 μg TE/ton, that is higher than at coal incineration in household and 
communal services – 1.6 μg TE/ton. 

The analyses have been carried out by Russian Research and Development 
Center for Emergency Situations under the direction of S.Ju.Semenov. For the gained 
experimental data, see the records in the Annex to the Report. 

Comparing experimental data concerning dioxin contents in the gas releases for 
a number of industrial objects gained within this work with the data of various authors 
collected in the Toolkit [4], monography [7] and book [13], and with recommended 
ibidem emission factors one can conclude as follows: 

1. Experimental data concerning dioxin contents in releases of the Murmansk 
incineration plant (PJSC “The Plant for Thermal Processing of Solid Household 
Wastes”) are 7.05 and 5.18, or in the average 6.1 ng TE/Nm3. On the base of gas 
release volume per 1 ton of incinerated MSW that, according to Murmansk 
incineration plant, is 7400 Nm3, one can find out an averaged emission factor:  

6.1 ng TE/Nm3 × 7400 Nm3/ton of MSW: 1000 = 45 μg TE/ton of MSW 
Recommended by us emission factor of 40 μg TE/ton of MSW was assumed on 

the base of following: 
• recommendations [4] for majority of MSW incineration facilities – 30-350 

μg TE/ton of MSW; 
• recommendations [13] for incineration facilities of the former USSR having 

certain drawbacks in equipment – 50 μg TE/ton of MSW; 
• data concerning incineration of household wastes [7] – 38 ng TE/kg or μg 

TE/ton. 
Assumed emission factor 40 μg TE/ton matched well with experimental data – 

45 μg TE/ton. This indicates that we correctly selected class for this incineration plant 
and took in account some its features. Frequently insufficient acquaintance with 
process details or with path of contaminations ingress into a process does not allow 
predicting dioxin emission factor with proper accuracy. 

 
2. Data concerning dioxin contents in the gas releases of pulping boilers at the 

Kotlass pulp-and-paper mill proved to be rather close to each other for incineration 
both conifer (0.952 and 0.768 ng/Nm3) and deciduous (0.717 and 0.893 ng/Nm3) alkali 
liquors that in average is 0.83 ng/Nm3. According to Kotlass pulp-and-paper mill, gas 
releases volume from sodoregenerating boilers is 5000 Nm3/ton of cellulose. 
Proceeding from this, averaged experimental emission factor would be as follows: 

0.83 ng TE/Nm3 × 5000 Nm3/ton: 1000 = 4.1 μg TE/ton of cellulose. 
This corresponds to emission factor of 0.57 μg TE/ton of incinerated raw 

material.  
The received value of dioxin contents in releases of 0.83 ng TE/Nm3 twice as 

much as the upper value of dioxin contents in PPM releases stated in the Toolkit [4]: 
0.036 – 1.4 ng TE/Nm3. But emission factor of 0.57 μg TE/ton of incinerated raw 
material calculated on the base of this value exceeds recommendations of the Toolkit 
[4] for incineration of alkali liquor and wood wastes (0.07 μg TE) by approximately an 
order of magnitude. This is connected with the fact that the Toolkit [4] was oriented 
towards average dioxin contents in gas releases among all the experimental data. 

The increased dioxin contents in gas releases does not apparently connected 
with contaminations, as according to Kotlass PPM, the incinerated material is free 
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from table salt and sodium pentachlorophenolate. Possibly, dioxin contents are 
influenced with purification process: at Kotlass PPM gas releases are treated using 
electrostatic filters. 

The Toolkit [4] states that emission factors for wood incineration at cellulose 
mills can be the same as at common wood incineration. Gained by us data of 0.57 μg 
TE/ton of incinerated material are similar to those of non-polluted wood: 0.62 μg 
TE/ton [13]; 4.7-5.4 μg TE/ton – experimentally gained emission factors and 0.65 μg 
TE/ton – recommended value [4]; 1.0 μg TE/ton [7]. Emission factors for wood waste 
incineration in power engineering are often significantly higher: 9-19 μg TE/ton of 
incinerated material [13], 25 μg TE/ton [4] and 16 μg TE/ton [7]. All the sources note 
that the dominant factor is pollution content in wood waste. 

So, gained by us data does not exceed known values, but may serve as a 
stimulus for process modification for decreasing of dioxin releases. 

 
3. Experimentally determined dioxin contents in gas releases of Vorkuta 

cement works using “wet” process without gas treatment system was 0.598 and 0.497, 
in average 0.55 ng/Nm3. Adjusted for gas releases volume from the cement kiln being, 
according to the plant’s data of 9440 m3/ton, experimental value of emission factor 
would be as follows: 

0.55 ng TE/Nm3 × 9440 Nm3/ton: 1000 = 5.2 μg TE/ton 
For Russian cement plants using kilns operating on wet technology and 

equipped with electrofilters and with the off-gases temperature above 300°C we 
selected recommended in the Toolkit [4] emission factor of 5 μg TE/ton. 

So, experimental dioxin emission factor of 5.2 μg TE/ton of cement has 
virtually exactly matched with the recommended value of 5 μg TE/ton of cement that 
indicates total fitness of recommended and experimental emission factors. 

According to the Toolkit [4], in Germany dioxin contents in gas releases of 
cement plants is in average 0.02 ng/Nm3, at other European enterprises – from 4.1 to 
42 ng/Nm3. At dioxin releases inventory carried out in the USA in 1998 emission 
factor was assumed to be of 0.29 μg TE/ton of cement, but at simultaneous 
incineration of hazard wastes this increased up to 24 μg TE/ton [13]. At PJSC 
“Cement” (city of Krasnoyarsk) emission factor was defined as 202 μg TE/ton of 
cement [7]. Relatively low gained emission factor of 5.2 μg TE/ton in comparison with 
those for simultaneous wastes incineration in cement kiln: 24 μg TE/ton – in the USA 
[13] and 202 μg TE/ton – in the city of Krasnoyarsk [7] shows that the Vorkuta 
cement plant incinerates little amount of wastes: some wastes from furniture plant and 
tyres. 

 
4. Analytically defined dioxin contents on gas releases of the Vorkuta thermal 

power station 2 is 0.092, 0.63 and 0.049 ng/Nm3 that in average is 0.068 ng/Nm3. The 
Vorkuta thermal power station 2 incinerated coal dust produced in Vorkuta, no wastes 
is incinerated there. According to the thermal power station, gas releases volume is 
8500 Nm3/ton of incinerated coal. Proceeding from this, averaged dioxin emission 
factor would be as follows: 

0.068 ng TE/Nm3 × 8500 Nm3/ton: 1000 = 0.57 μg TE/ton 
In the Toolkit [4] only one averaged dioxin emission factor was recommended 

for coal incineration in power engineering equal to 10 μg TE/TJ of incinerated fuel or 
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0.35 μg TE/ton. But if one consider stated in the Toolkit [4] fluctuation range of 
emission factors of 7-230 μg TE/TJ, he/she would see that this recommended emission 
factor is not average value, but is located near extreme low limit. We believe it would 
be better to assume log average value of 40 μg TE/TJ that corresponds to 1.4 μg 
TE/ton. 

Thus, average value of the experimental emission factor of 0.57 μg TE/ton is 
1.6 times higher than the value recommended in the Toolkit [4] – 0.35 μg TE/ton, but 
2.5 times lower than calculated on the basis of [4] log average value of 1.4 μg TE/ton. 
One might say that in this case good match was achieved between experimental and 
recommended dioxin emission factors. 

Experimental emission factors also fit well in the fluctuation range of emission 
factors stated in the book [13] (0.03-1.6 μg TE/ton, see Table 6). Experimental 
emission factors gained in Krasnoyarsk (18.8 μg TE/ton) [7] turned out to be 
abnormally high, but the same book contains reference data concerning emission 
factor at coal incineration in industry (0.6 μg TE/ton), which is in full compliance with 
experimental emission factor of 0.57 μg TE/ton. 

 
For comparison of experimental, recommended and reference data concerning 

dioxin contents in gas releases for various processes, see Table 19. 
Table 19 shows as follows: 
• enterprises, where sampling was carried out; 
• kind of incinerated fuel; 
• sample analysis data for dioxin contents and average result in ng TE/Nm3; 
• calculated on the base of analysis experimental emission factors in μg 

TE/ton of incinerated material and/or output product; 
• emission factors recommended in this Report before analyses per a ton of 

incinerated material and/or output product; 
• reference data concerning dioxin contents in gas releases in ng/Nm3; 
• reference data concerning dioxin contents in gas releases in μg per a ton of 

incinerated material and/or output product. 
Data submitted in Table 19 were discussed in details above. One can state the 

following summary on the base of data gained: 
• experimental dioxin emission factor for incineration of solid household 

waste for Murmansk incineration plant (45 μg TE/ton of MSW) has exactly matched 
with the recommended value (40 μg TE/ton of MSW); 

• experimental dioxin emission factor for Vorkuta cement works (5.2 μg 
TE/ton of cement) has exactly matched as well with the recommended value (5 μg 
TE/ton of cement); 

• experimental dioxin emission factor for coal combustion at the Vorkuta 
thermal power station (0.57 μg TE/ton of coal) was 1.6 times higher than the 
recommended value (0.35 μg TE/ton of coal) that is well enough coincidence; 
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Table 19 
Comparison of experimental, recommended and reference data concerning dioxin contents in gas releases for various processes 
 

Analysis data, ng 
TE/Nm3 

Experimental 
emission factors, μg 
TE/ton 

Recommended 
emission factors, μg 
TE/ton 

Reference data concerning 
emission factors, μg TE/ton 

Enterprise Fuel 

samples average of 
incinerated 
material 

of 
product 

of 
incinerated 
material 

of 
product 

Reference 
data 
concerning 
releases, ng 
TE/Nm3 

of incinerated 
material 

of product 

Murmansk 
incineration 
plant 

MSW 
7.05 
5.18 6.1 45 – 40 – 5 [13] 

30-350 [4] 
38 [7] 
50 [13] 

– 

conifer 
alkali 
liquors 

0.952 
0.768 

Kotlass PPM deciduous 
alkali 
liquors 

0.717 
0.893 

0.83 0.57 4.1 0.07 0.5 0.036-1.4 
[4] 

0.07 [4] 
4.7-5.4* [4] 
1.0* [7] 
0.62* [13] 

– 

Vorkuta 
cement works 

Coal 0.598 
0.497 0.55 – 5.2  5 0.02-42 [4] – 

0.15-5 [4] 
0.29-24 [13] 
202 [7] 

Vorkuta 
thermal power 
station 2 

Coal 0.092 
0.063 
0.049 

0.068 0.57 – 0.35 - 0.0001-1.4 
[13] 

0.25-8 [4] 
0.03-1.6 [13] 
0.6-18.8 [7] 

– 

 
 
* – data concerning wood incineration in power engineering 
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• emission factors estimated based on experimental data for alkali liquors 
incineration at the Kotlass Pulp-and-Paper Mill (0.57 μg TE/ton of incinerated raw 
material or 4.1 μg TE/ton of cellulose) were found to be ~ 8 times higher than the 
recommended value [4] (0.07 μg TE/ton of incinerated raw material) or calculated on 
its base emission factor reduced to 1 ton of cellulose (0.5 μg TE) But experimentally 
gained dioxin contents in gas releases of 0.83 ng/m3 was 1.7 times less than the value 
stated in the Toolkit [4] (1.4 ng/m3). 

 
The replacement in Tables 15-17 of recommended values of estimated emission 

factors with experimentally gained ones have only changed rather significantly data 
for Arkhangelsk region. For example, dioxin releases at the Kotlass Pulp-and-Paper 
Mill would increase from 421 to 3452 mg, and that for total pulp-and paper industry – 
from 876 to 3907 mg. Total dioxin releases for Arkhangelsk region would grow from 
5436 to 8467 mg or to ∼ 8.5 g. 

Dioxin releases at the Murmansk incineration plant would increase from 4800 
to 5400 mg, and that for all the sources in Murmansk region – from 8388 to 8988 mg 
or to ~ 9 g. 

Dioxin releases at the Vorkuta thermal power station (Table 17) would increase 
from 213 to 350 mg, and that of all electro- and heat-and –power engineering facilities 
– from 946 to 1083 ng. Dioxin releases of Vorkuta cement works would increase from 
735 to 764 mg, a that for all construction material industry – from 773 to 802 ng. In 
total dioxin releases in the Republic of Komi would grow from 4173 to 4339 mg or to 
∼ 4.3 g. 

For adjusted for experimental data contribution of various dioxin/furan source 
categories into total releases (in mg TE and in %) across Arkhangelsk and Murmansk 
regions and the Republic of Komi in 2001, see Table 20 and Figures 4, 5, 6. 

In Arkhangelsk region the most significant dioxin releases corrected for the 
gained experimental data were in the pulp-and-paper industry, less considerable 
releases were connected with forest fires, cement industry, electric and heat-and-power 
engineering, transport, and with housing and communal services. Releases from other 
industries were negligible. 

In Murmansk region the most significant dioxin releases both estimated, and 
corrected for the gained experimental data were contributed by the Murmansk 
incineration plant, less significant share belongs to ferrous and non-ferrous metallurgy, 
and to forest fires as well. Less significant releases occurred from transport, electric- 
and heat-and-power industry and housing and communal services. Releases from other 
industries were negligible. 

In the Republic of Komi the most significant dioxin releases into atmosphere 
corrected for the gained experimental data were found to be from forest fires, in 
electro- and heat-and-power industry and in the cement industry, less significant – in 
housing and communal services, at transport, at extraction and processing of fuel and 
in pulp and paper industry. In other industries these were insignificant. 

For comparison of our corrected data with inventories of dioxin/furan releases 
from various sources (%) in Europe, the USA and totally across the world (global 
estimations), see Table 21. 
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Table 20 
Corrected contribution of dioxin/furan releases from various sources in total releases in 2001 

 
Dioxin/furan releases 

Arkhangelsk region Murmansk region Republic of Komi 
Nos. Source of dioxin/furan releases 

mg TE % mg TE % mg TE % 
1 Pulp-and-paper industry 3907 46.1 - - 240 5.5 
2 Non-ferrous metallurgy - - 1280 14.2 - - 
3 Electric and heat-and-power 

engineering 
780 9.2 219 2.4 1083 25.0 

4 Housing and communal services 
and population 

664 7.9 153 1.7 502 11.6 

5 Fuel production and processing 3 0.0 4 0.0 296 6.8 
6 Ferrous metallurgy 16 0.2 935 10.4 1 0.0 
7 Industry of construction materials 1148 13.6 5 0.1 802 18.5 
8 Transport 684 8.1 382 4.3 435 10.0 
9 Incineration of MSW - - 5400 60.1 -  
10 Forest fires 1265 14.9 610 6.8 980 22.6 
 Total 8467 100.0 8988 100.0 4339 100.0 
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 Fig. 4. Contribution of various sources of dioxins and furans 

into total corrected releases in Arkhangelsk region in 2001 
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Fig. 5. Contribution of various sources of dioxins and furans  

into total corrected releases in Murmansk region in 2001 
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Fig. 6. Contribution of various sources of dioxins and furans 
into total corrected releases in the Republic of Komi in 2001 

Forest fires 
22.6 % 

Pulp-and-paper
industry
5.5 %

Electric- and
heat-and-power 
engineering 
25.0 % 

Housing and communal 
services and population 
11.6 % 

Production and processing 
of fuel
6.8 %

Construction materials 
18.5 % 

Transport
10.0 % 



 58

Table 21 
Comparison of various inventories of dioxin/furan releases with our corrected data (%) 

 
Data from [5], 1995 Our corrected data, 2001 Nos. Source of dioxin and furan 

releases Europe  USA World Arkhangelsk 
region 

Murmansk 
region 

Republic of 
Komi 

Total 

1 Fuel incineration in power 
engineering 

1.6 0.0 1 9.2 2.4 25.0 9.5 

2 Small incineration facilities 7.0 2.3 3 7.9 1.7 11.6 6.0 
3 Incineration in industry 1.2 4.0 2 46.1 0.0 12.3 20.4 
4 Ferrous metallurgy 23.0 0.0 10 0.2 10.4 0.0 4.4 
5 Non-ferrous metallurgy 7.2 20.4 8 - 14.2 - 5.9 
6 Manufacture of construction 

materials 
1.8 6.2 2 13.6 0.1 18.5 9.0 

7 Transport 0.5 1.5 1 8.1 4.3 10.0 6.9 
8 Incineration of waste 55.3 57.9 69 - 60.1 - 24.8 
9 Other (mainly, forest fires) 2.4 7.7 4 14.9 6.8 22.6 13.1 
 Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
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In table 21 we referred dioxin releases in the pulp-and-paper industry and in 
production and processing of fuel as well to the category of “Incineration in industry”. 
The category “Fuel incineration in power engineering” [5] corresponds to our category 
“Electric and power-and heat engineering.” And the category “Small incineration 
plants” [5] corresponds to our category “Housing and communal services and 
population”. 

Total PCDD/PCDD releases in the world for 1995 was estimated [5] as 10514 g 
TE. Deducting the USA (2744 g TE), Japan (3981 g TE), Canada (290 g TE), and 
Australia (150 g TE) one can see that the share of 11 European countries included into 
a global estimation is 3349 g TE. So, Russia has not been included into the global 
estimation. 

Total dioxin releases for 38 countries in 1990 were 11314 g TE [5]. Thus it is 
necessary to note that estimations of dioxin releases for various years may 
significantly differ. So, in the USA at the period of 1987-1995 due to undertaken 
measures dioxin releases reduced from 12000 g TE to 2745 g TE [5]. On the contrary, 
in the 12 countries of European Community data of later researches (1998-1999) 
showed the growth of PCDD/PCDF releases into air (3937 g TE/year) in comparison 
with those in 1994 (2546 g TE), which is connected with additional information 
concerning dioxin sources and emission factors [7]. 

Table 21 shows that the data concerning general contribution of waste 
incineration into dioxin releases are similar to those in Europe, USA and to global 
estimations. So, dioxin emission in USA from incineration of MSW in Murmansk 
region was 60 % of total releases, and in Europe, USA and in the total world – 55, 58 
and 69 %, accordingly.  

Also data for a number of other sources such as fuel incineration in power 
engineering, small incineration facilities, ferrous and non-ferrous metallurgy, forest 
fires in Murmansk region is more or less close to global ones. Low contribution of the 
industry of construction materials in Murmansk region may be explained by the lack 
of cement kilns.  

The data upon Arkhangelsk region and the Republic of Komi fell out from this 
tendency because of absence at their territory any facilities for wastes incineration. 
Therefore, total contribution of wastes incineration across three investigated regions 
was about 25 %. 

For contribution of separate dioxin releases sources (in %) into total releases 
upon inventories data in Europe, USA, according to global estimations [5] and our 
corrected data for Arkhangelsk, Murmansk regions and the Republic of Komi, see 
Figure 7. 

In the total dioxin releases across three regions the first place in consequence 
incineration of solid household waste has kept – 24.8 %, incineration in industry 
moved to the second place – 20.4 %. Other sources have allocated as follows: 

• forest fires – 13.1 %; 
• fuel incineration in power engineering – 9.5 %; 
• manufacture of construction materials – 9.0 %; 
• transport – 6.9 %; 
• small incineration facilities (HCS and population) – 6.0 %; 
• non-ferrous metallurgy – 5.9 %; 
• ferrous metallurgy – 4.4 %. 
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It is interesting to note that contribution of transport into total dioxin releases in 
all three region significantly exceeds this in Europe, USA and totally in the world. 
Apparently the reason of this is considerable consumption of leaded gasoline in our 
country until now and rather little utilization of catalyst converters in vehicles. 

In the surveyed regions fuel incineration also makes higher contribution into 
total dioxin emissions than in other developed countries (Table 21 and Figure 7). 
Possibly it is connected with greater utilization in our country of coal and wood, 
incineration of which has emission factors 20 and 100 times, accordingly, higher than 
that if natural gas incineration. 

It is interesting to note that in the USA fuel incineration in power engineering 
and ferrous metallurgy were not included into releases inventory due to lack of 
experimental data or low confidence level [5].  
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Fig. 7. Contribution of separate sources into total releases of dioxins, % 
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6. Conclusions 
 
6.1. Industries and the basic enterprises of Arkhangelsk and Murmansk regions 

and of the Republic of Komi have been considered, the technological processes of 
which may act as sources of dioxin and furan formation: 

• timber industry, including pulp and paper industry; 
• nonferrous metallurgy; 
• electric and heat power industry; 
• housing and communal services; 
• fuel production and processing; 
• ferrous metallurgy; 
• mechanical engineering and metal working; 
• chemical industry; 
• industry of construction materials; 
• transport; 
• waste combustion; 
• fires and other open combustion processes; 
• light industry; 
• other objects. 
Volumes of output or of consumed raw materials were determined necessary 

for estimation of dioxin releases. 
For a number of dioxin release sources, for which data in the Toolkit [4] was 

unavailable (oil and coal production, manufacture of carbon black, fuel production by 
catalytic cracking), the estimated emission factors were determined. 

6.2. The technological details of productions were determined influencing 
dioxin and furan formation. Dioxin emission factors were selected per a ton of 
production or consumed raw materials. 

For a number of dioxin release sources, for which data in the Toolkit [4] was 
unavailable (oil and coal production, manufacture of carbon black, fuel production by 
catalytic cracking), the estimated emission factors were determined. 

6.3. The selected values of dioxin emission factors may fluctuate in either side 
from the actual value for two reasons:  

• first, dioxin releases often significantly depend on slight process parameters 
fluctuation and occurrence of pollutions; 

• second, the correct selection of the emission factor requires deep 
acquaintance with each certain process, and in some events – experimental estimation 
of releases. 

Ranges of possible fluctuations of dioxin emission factors have been 
determined. 

6.4. The estimated dioxin releases into atmosphere for 2001 were defined on the 
basis of product or used raw material capacity and the selected emission factor. For 
Arkhangelsk region this value was ∼ 5.4 g TE, for Murmansk region ∼ 8.4 g TE, and 
for the Republic of Komi ∼ 4.2 g TE. 

6.5. In Murmansk region more than half (∼ 57 %) of all the estimated dioxin 
releases into atmosphere resulted from incineration of solid household wastes. The 
data on Arkhangelsk region and the Republic of Komi fell out from this tendency 
because of absence at their territory any facilities for wastes incineration. Other 
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sources located in Murmansk region were ranked as follows: non-ferrous and ferrous 
metallurgy, forest fires, transport, electric- and heat-and-power industry, housing and 
communal services. 

In Arkhangelsk region the estimated dioxin releases may be ranked as follows: 
forest fires, cement and pulp-and-paper industry, electric- and heat-and-power 
industry, transport, housing and communal services. 

In the Republic of Komi the estimated dioxin releases into atmosphere were 
allocated as follows: forest fires, electric- and heat-and-power industry, cement 
industry, housing and communal services, transport, extraction and processing of fuel, 
and pulp-and-paper industry. 

6.6. Other considered industries may be subdivided (by expert estimation of 
dioxin formation opportunity) as follows:  

• Data on dioxin formation is unavailable and, mostly probable, no any 
releases there should be (extraction of natural gas, primary oil distillation, extraction of 
various ores and their enrichment without use of calcinations methods); 

• Data on dioxin formation is unavailable, but their formation is possible; 
releases are not expected to be significant (mechanical engineering and metal working, 
manufacture of sulfuric acid); 

• There is data concerning dioxin formation and/or occurrence, but actual 
releases into environment are estimated to be insignificant (preparation and processing 
of timber, secondary oil refining, manufacture of synthetic varnishes and plastics, 
manufacture of textile and footwear). 

Also there are some release sources not connected with production, for which 
no quantitative data of release volumes is available. This includes incineration of 
various industrial and household wastes, dump combustion, and casual fires. 

6.7. After completion of estimations (for the results, see items 6.1-6.6), the 
dioxin analysis of gas releases were performed for a number of objects, which allowed 
defining experimental dioxin emission factors. Estimated and experimental dioxin 
emission factors are compared below:  

• experimental dioxin emission factor for incineration of solid household 
waste for Murmansk incineration plant (45 μg TE/ton of MSW) has exactly matched 
with the recommended value (40 μg TE/ton of MSW); 

• experimental dioxin emission factor for Vorkuta cement works (5.2 μg 
TE/ton of cement) has exactly matched as well with the recommended value (5 μg 
TE/ton of cement); 

• experimental dioxin emission factor for coal combustion at the Vorkuta 
thermal power station (0.57 μg TE/ton of coal) was 1.6 times higher than the 
recommended value (0.35 μg TE/ton of coal) that is well enough coincidence; 

• emission factors estimated based on experimental data for alkali liquors 
incineration at the Kotlass Pulp-and-Paper Mill (0.57 μg TE/ton of incinerated raw 
material or 4.1 μg TE/ton of cellulose) were found to be ~ 8 times higher than the 
recommended value [4] (0.07 μg TE/ton of incinerated raw material) or calculated on 
its base emission factor reduced to 1 ton of cellulose (0.5 μg TE). But experimentally 
gained dioxin content in gas releases of 0.83 ng/m3 was 1.7 times less than the value 
stated in the Toolkit [4] (1.4 ng/m3). 

6.8. The replacement of recommended values of estimated emission factors 
with experimentally gained ones have only changed rather significantly data for 
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Arkhangelsk region. Dioxin releases at the Kotlass Pulp-and-Paper Mill increased 
from 421 to 3452 mg, and that for total pulp-and paper industry – from 876 to 
3907 mg. Total dioxin releases for Arkhangelsk region grew from 5436 to 8467 mg or 
to ∼ 8.5 g. 

Dioxin releases at the Murmansk incineration plant increased from 4800 to 
5400 mg, and that for all the sources in Murmansk region – from 8388 to 8988 mg or 
to ~ 9 g. 

Dioxin releases at the Vorkuta thermal power station increased from 213 to 350 
mg, and that of Vorkuta cement works – from 735 to 764 mg. In total dioxin releases 
in the Republic of Komi grew from 4173 to 4339 mg or to ∼ 4.3 g. 

6.9. Total sources of dioxin releases in three regions adjusted for experimental 
results were distributed as follows: 

• incineration of solid household waste – 24.8 %; 
• incineration in industry – 20.4 %; 
• forest fires – 13.1 %; 
• fuel incineration in power engineering – 9.5 %; 
• manufacture of construction materials – 9.0 %; 
• transport – 6.9 %; 
• small incineration facilities (HCS and population) – 6.0 %; 
• non-ferrous metallurgy – 5.9 %; 
• ferrous metallurgy – 4.4 %. 
Among sources of dioxin releases adjusted for experimental results MSW has 

maintained the first place – 24.8 % The second place occupied releases from 
incineration in industry – 20.4 %. Ranking of other sources by dioxin release values 
remained unchanged in comparison with estimations. 

When comparing dioxin releases distribution adjusted for experimental data 
with global tendencies one can note the increased contribution of incineration of fuel 
in the industry, power engineering and transport, the least in many respects is 
connected with using of leaded gasoline. Only Murmansk region having its own 
incineration plant corresponds to world tendencies. Here, as in Europe, USA and 
totally in the world waste incineration introduce more than half all the releases. 
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           Annex   12 
 

LIST of  sub reports of  the ACAP Project  «Reduction/Elimination of dioxin 
and furan emissions in the Russian Federation with Focus on the Arctic 

and Northern Regions Impacting the Arctic» 
 
 
 
1.  MURMANSK REGION  

Environmental effect of industrial and others enterprises (in Russian) 
 
2.  ARKHANGELSK REGION 

Information concerning the status of the environment and possible sources of dioxin 
pollution in Arkhangelsk region (as of 2000-2001) (in Russian) 
 

3. REPUBLIC OF KOMI 
 Environmental effect of industrial and others enterprises (in Russian) 
 
4. Assessment of risk for human health in Republic of Komi due to releases of chemicals 

into atmosphere  (in Russian) 
 
5. Assessment of risk for human health in Arkhangelsk and Murmansk regions due to 

releases of chemicals into atmosphere (in Russian) 
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