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Executive summary

Persistent organic pollutants (POPs) are chemicals which due to their particular combination of 
physical and chemical properties are recognized for their high toxicity, stability, bioaccumulation 
through the food chain and persistence in the environment, including their inherent toxicity to 
wildlife and human beings. POPs can be transported across international boundaries far from 
their sources and pose a risk of causing adverse effects to human health and the environment. 

In response to the international community request to reduce and eliminate production, use 
and releases of these chemicals, two international legally binding instruments have been 
negotiated and concluded, the Protocol on Persistent Organic Pollutants (1998) and the 
Stockholm Convention (2001).

The setup of a country POP inventory is considered a crucial step towards the elimination of 
worldwide POPs contamination. Furthermore, identification of the emission sources of POPs 
in the environment is essential in establishing the quantitative factor for reducing primary 
emissions that would also lead to the reduction of secondary POPs contamination, since these 
are supported by primary atmospheric emissions. Taken measures would bring the benefit of 
reduction in local, regional, and global concentrations.

The Republic of Moldova has ratified the Stockholm Convention on Persistent Organic 
Pollutants by Law no. 40/2004 regarding the ratification of Stockholm Convention on Persistent 
Organic Pollutants  (https://www.legis.md/cautare/getResults?doc_id=26162&lang=ro) as 
well the Protocol on Persistent Organic Pollutants (POPs) to Geneva Convention on Long-
range Transboundary Air Pollution (1979) was ratified by Law no. 1018/2002 regarding 
the ratification of the Protocol on Persistent Organic Pollutants (https://www.legis.md/
cautare/getResults?doc_id=14536&lang=ro).  Being as a party to the Convention on Long 
Range Transboundary Air Pollution (LRTAP Convention), the Protocol on Persistent Organic 
Pollutants, and the Stockholm Convention, the Republic of Moldova is obliged to comply with 
all requirements set in these international and regional agreements, among which there is an 
obligation to undertake inventory of POPs.

Thus, the present inventory provide a general picture regarding emissions of several POPs 
substances, such as Dioxins and Furans (PCDD/F), Polychlorinated biphenyls (PCBs) and 
Hexachlorobenzene (HCB) in quantitative terms for years 2001, 2004, 2008, 2012, 2016, 2018 
and 2019 in the Republic of Moldova. Additionally, estimates have been made  for the following 
Polycyclic Aromatic Hydrocarbons (PAHs): benzo[a]pyrene (B[a]P); benzo[b]fluoranthene (B[b]
F); benzo[k]fluoranthene (B[k]F); and indeno[1,2,3-cd]pyrene (IP). 

https://www.legis.md/cautare/getResults?doc_id=26162&lang=ro
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The inventory heavy relies on the latest versions of default UNEP Toolkit (version 2013, http://
toolkit.pops.int/) and EMEP/EEA Guidebook (https://www.eea.europa.eu/publications/emep-
eea-guidebook-2019) emission factors to address gaps related used technologies, operating 
conditions and practices and pollution control equipment. This is particularly relevant for 
industrial processes, where there is often a lack of knowledge about abatement systems used, 
and uncertainty on the year they were installed and the impact on emissions across different 
POPs. Unless specific information was available, the default emission factors suggested in 
the UNEP and EMEP/EEA Guidebook have been used. This approach, although conservative, 
ensures consistency and may be useful to compare emissions from region. 

The present report includes comprehensive uPOPs emissions inventory resulting from major 
sources, based on available national data, such as economic activity data and the findings of 
National Greenhouse Gas sources and sinks in the Republic of Moldova for 1990-2020 (http://
clima.md/lib.php?l=ro&idc=82&).

Among the main sector of concern has been identified the reduction of uPOPs emissions from 
thermal processes, agriculture and urban activities, that also responds to  increasing concern 
over the world about sustainable development strategies 

The UNEP Toolkit on Dioxins, Furans and other uPOPs mainly focuses on dioxins with very 
scarce data available for other unintentionally produced POPs. However, it now contains 
emission factors for all relevant sectors, focusing not only on release to air but also to other 
vectors. The EMEP/EEA Guidebook proved to be a valuable source of emission factors for 
releases to air from all major source sectors, mainly for PCBs and PAHs. However, very limited 
data are available for HCB and PeCB, although it has been possible to estimate their emissions 
from a reduced number of sources. In some cases, when potential sources were identified but 
no emission factors were available, it has been necessary to transfer emission factors from 
a similar source to make a first estimate. It should be mentioned that used approach is still 
relying on expert judgment to select the most appropriate category, which in some cases was 
difficult in view of the limited available information.

The figure 1 provides a summary of quantitative estimate of the releases to all vectors for the 
main sources of POPs emissions to air, water, land, residue and products existent in RM, drawn 
upon the most current available data as well researches done within other related projects 
implemented in the Republic of Moldova, but are also largely derived from calculations using 
literature emission factors.

PCDD/PCDF releases are accompanied by releases of other unintentional POPs, which can be 
minimized or eliminated by the same measures that are used to address PCDD/PCDF. When a 
comprehensive inventory of PCDD/PCDF is elaborated, it allows to identify priority sources, set 
measures and develop action plans to minimize releases of all unintentional POPs. It is thus 
recommended, for practical reasons, that inventory activities be focused on PCDD/PCDF, as 
these substances are indicative of the presence of other unintentional POPs. 

http://clima.md/lib.php?l=ro&idc=82&
http://clima.md/lib.php?l=ro&idc=82&


6

Since the first PCDD/PCDF inventory was completed in 2003, an update of the POPs inventories 
is required to comply with the new obligations related to the listing of new substances in the 
Stockholm Convention, as well as to apply updated emission factors made available in the new 
versions of UNEP Toolkit and EMEP/EEA Guidebook. 

The inventory conducted in 2020 confirms that  in 2019, Republic of Moldova contributed with 
146,85 g TEQ of PCDD/PCDF releases to the global environment, of which 32.06 g TEQ to the 
air, 1.03 g TEQ to water, 0.05 g TEQ to land and 113,71 g TEQ to residues. The largest share, 
approx.69.4 %, of total PCDD/PCDF releases in 2019 resulted from category Disposal/landfill, 
followed by Heat and power generation with 15.7 % and Ferrous and non-ferrous metal 
production with 9.9% and category Waste incineration with 2.8%. 

In the first POPs Inventory Report of the Republic of Moldova from 2003, PCDD/PCDF 
calculated emissions in 2001 totaled 775.5 g TEQ, with approx. 97.4% of releases resulting 
from Open water dumping in Category 9 Disposal/landfill. In the Inventory of dioxins, 
furans and other unintentional POPs drafted based on the 2013 Toolkit methodology, for 
the year 2001 additional source categories have been estimated, new activity data have 
been added to existing source categories, as well as several classes of emission factors 
have been revised for certain categories. Thus, additional estimation of emissions from 
such source categories as Medical waste incineration, Waste burning and accidental fires, 
Dry cleaning residues and Landfills, Waste dumps and Landfill mining was carried out. 
In addition, in category 2 Ferrous and non-ferrous metal production, activity data on 
production of steel and rolling mills from Administrative-Territorial Units on the Left Bank 
of Dniester has been added. Besides, activity data used in category 4 Mineral products (all 
sub-categories), data for Diesel consumption in category 5 Transport and data on biomass 
burning has been revised based on the data available for year 2001 from the National 
National Greenhouse Gas sources and sinks in the Republic of Moldova for 1990-2019. 
Finally, in category 9 Disposal/landfill, the data on treated water according to normative 
requirements has been reallocated from sub-category 9c Open water dumping to sub-
category 9b Sewage and sewage treatment. In the sub-category 9c Open water dumping, 
only the data on untreated and insufficiently treated wastewater discharged into surface 
water basins has been taken into account. 

Consequently, total PCDD/PCDF emissions for year 2001 were significantly revised, decreasing 
from 775.5 g TEQ to 97,35 g TEQ. Due to revised values for year 2001, releases to the air 
increased from 13.5 g TEQ to 26,15 g TEQ, releases to water significantly decreased from 755 
g TEQ to 0.46 g TEQ, releases to land decreased from 4.2 g TEQ to 0.05 g TEQ and releases to 
residues increased from 2.8 g TEQ to 70.7 g TEQ.  

According to the updated calculations, from 2001 to 2019, total PCDD/PCDF releases to 
environment increased by 50,8 % (from 97,35 g TEQ to 146,85 g TEQ). 
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Figure 1. Summary of total PCDD/PCDF releases for year 2001 to 2019 in the Republic of 
Moldova

As it was mentioned above, emissions for other uPOPs were calculated for 2001 to 2019 and 
are presented in sections below. From 2001 to 2019, PCB emissions decreased from 4,89 kg 
to 2,84 g TEQ and HCB emissions also decreased from 4.45 kg to 2.12 kg. The key source of 
PCBs in Moldova is Iron and steel production - accounting for 69% of total PCB emissions 
in 2019; followed by Residential combustion - 15.8% in 2019. Other important sources are: 
Combustion in cement production - 8.9% of total in 2019; and Commercial and institutional 
combustion - amounting 4% in 2019. The key source of HCB emissions in Moldova is Iron and 
steel production representing 99% of total emissions in 2001, but declining to 93% in 2019. 
Another minor source, but with a rising trend is Residential combustion (from 0.01 kg/y in 2001 
to 0.13 kg/y in 2019).  

The emissions of polycyclic aromatic hydrocarbons (PAHs), which are an important group 
of chemicals categorized as persistent organic pollutants (POPs), but not listed under the 
Stockholm Convention were also estimated within the present inventory. In general,  the 
emissions of PAHs gave increased significantly from 2646kg per year to 11674 kg per year. 

Important emission sources of PAH, include residential combustion processes (open fires, coal 
and wood burning for heating purposes etc), industrial metal production processes, and the 
road transport sector. 
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1
Description of uPOPS source 

categories 

There are four general types of sources of POPs releases, three of which are active, ongoing 
processes, and one is a legacy of historic activities:

•	 Chemical production processes, e.g., facilities or production units that 
produce chlorinated phenols or in which certain other chlorinated chemicals are 
manufactured, or that produce pulp and paper using elemental chlorine for chemical 
bleaching;

•	 Thermal and combustion processes, e.g., waste incineration, combustion of solid 
and liquid fuels, or production of metals in thermal processes;

•	 Biogenic processes in which PCDD/PCDF may be formed from precursors – 
manufactured chemicals such as pentachlorophenol that are structurally closely 
related precursors of PCDD/PCDF.

•	 Reservoir sources such as historic dumps containing PCDD/PCDF and other POPs‐
contaminated wastes, and soils and sediments in which POPs have accumulated 
over time.

The UNEP Toolkit presents information on each of the unintentional POPs source categories 
listed in Annex C, some additional source categories, and a strategy for identifying new source 
categories. It describes a step‐by‐step process to estimate PCDD/PCDF releases from each 
source category to the following environmental media:

•	 Air,

•	 Water (surface and ground water, including marine and estuarine water), and

•	 Land (surface soils),

and to these process outputs: 

•	 Products (such as chemical formulations, including pesticides or consumer goods 
such as paper, textiles, etc.);
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•	 Residues (including certain liquid wastes, sludge, and solid residues, which are 
handled and disposed of as waste or may be recycled).

Combustion Processes

PCDD/PCDF and other unintentional POPs can be formed in combustion processes when their 
component elements – carbon, oxygen, hydrogen, and chlorine – are present and combustion 
temperatures range between 200°C and 900°C. Two primary mechanisms for PCDD/PCDF 
formation during combustion have been proposed:

•	 De novo formation, in which non‐extractable carbon‐based structures that 
fundamentally differ from the PCDD/PCDF undergo transformations and reactions 
to form PCDD/PCDF; and

•	 Precursor formation/reactions in which hydrocarbon fragments undergo cyclization 
or incomplete oxidation to form chemicals that share structural similarities with 
PCDD/PCDF and that undergo further reactions to finally form PCDD/PCDF.

PCDD/PCDF formation via these mechanisms can take place homogeneously (molecules react 
entirely in the gas phase or in the solid phase) or heterogeneously (the reactions take place 
between gas phase molecules and surfaces).

PCDD/PCDF can also be destroyed during combustion when temperatures are sufficiently high, 
residence times are adequate and mixing in the combustion zone is sufficiently thorough. 
However, combustion gases must also be rapidly cooled in the post‐combustion zone in order 
to minimize the formation of new PCDD/PCDF in this phase. Variables known to influence 
PCDD/PCDF formation in combustion processes include the following:

•	 Technology: Poor combustion, poor mixing in the combustion chamber, poorly 
designed and managed post‐combustion chambers, and inadequate air pollution 
control devices are associated with increased PCDD/PCDF formation.

•	 Temperature: Formation has been reported in post‐combustion zones and air 
pollution control devices at temperatures ranging from 200°C to 650°C, with the 
greatest formation occurring between 200°C and 450°C and peaking at about 300°C;

•	 Metals: Formation is catalyzed by metals including copper, iron, zinc, aluminum, 
chromium, and manganese;

•	 Sulphur and nitrogen: Chemicals containing sulphur and nitrogen have the 
potential to inhibit the formation of PCDD/PCDF in certain conditions, but may give 
rise to other undesirable by‐products;

•	 Chlorine: Chlorine must be present. Whether chlorine is present as organic, inorganic 
or elemental in the materials combusted is relatively negligible. However, its presence 
in fly ash or in its elemental form in the gas phase may be especially important.
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Other variables and combinations of conditions also affect PCDD/PCDF formation. For 
example, while simulating the burning of household waste in a metal barrel inside a burn hut, 
there were reported greater PCDD/PCDF formation with 1) increased chlorine in the waste, 
independent of the original form of the chlorine – organic or inorganic; 2) higher humidity; 3) 
increased waste load; and 4) higher levels of catalytic metals.

Industrial Chemical Processes

As with combustion processes, carbon, hydrogen, oxygen, and chlorine must also be present 
for PCDD/PCDF to form in industrial‐chemical processes. In chemical manufacturing processes, 
PCDD/PCDF formation may be favored if one or more of the following conditions apply:

•	 Elevated temperatures (>150°C);

•	 Alkaline conditions (especially during purification);

•	 Metal catalysis;

•	 Ultraviolet radiation or substances that generate radicals.

Among chlorine‐containing chemicals, the following groups have been associated with the 
formation of PCDD/PCDF as byproducts during their production:

•	 Chlorinated phenols and their derivatives,

•	 Chlorinated aromatics and their derivatives,

•	 Chlorinated aliphatic chemicals,

•	 Chlorinated catalysts and inorganic chemicals.

•	 PCDD/PCDF can be also formed as byproducts of some chemicals that do not contain 
chlorine when some form of chlorine is present or used during their production.

UNEP Guidelines identify 10 source categories of uPOP releases. The list of uPOP emission 
sources in the Republic of Moldova is presented in Table 1. In addition the correlation between 
the UNEP Guidelines and EMEP/EEA Guidelines sources categories are presented in the Annex 
no. 1. 
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Table 1. Sources of dioxin and furan emissions identified in the country

No. 
cat. Source categories and subcategories  Present in the RM  

(Yes/No/NE) 
1 Waste Incineration Yes

1.a Municipal solid waste incineration No
1.b Hazardous waste incineration No
1.c Medical waste incineration Yes
1.d Light-fraction shredder waste incineration No
1.e Sewage sludge incineration No
1.f Waste wood and waste biomass incineration NE
1.g Destruction of animal carcasses No
2 Metal Production Yes

2.a Iron ore sintering No
2.b Coke production No
2.c Iron and steel production and foundries Yes
2.d Copper production No
2.e Aluminium production Yes
2.f Lead production No
2.g Zinc production No
2.h Brass and bronze production No
2.i Magnesium production  No
2.j Other non-ferrous metal production No
2.k Shredders No
2.l Thermal wire reclamation No
3 Heat and Power Generation Yes

3.a Fossil fuel powr plants Yes
3.b Biomass power plants Yes
3.c Landfill Biogas combustion Yes
3.d Household heating and cooking (biomass) Yes
3.e Domestic heating (fossil fuels) Yes
4 Production of Mineral Products Yes

4.a Cement production Yes
4.b Lime production Yes
4.c Brick production Yes
4.d Glass production Yes
4.e Ceramics production Yes
4.f Asphalt Mixing Yes
4.g Oil Shale Processing No
5 Transport Yes

5.a 4-Stroke engines Yes
5.b 2-Stroke engines Yes
5.c Diesel engines Yes
5.d Heavy oil fired engines No
6  Open Burning Processes Yes

6.a Biomass burning Yes



12

No. 
cat. Source categories and subcategories  Present in the RM  

(Yes/No/NE) 
6.b Waste burning and accidental fires Yes
7 Chemicals and Consumer Goods Yes

7.a Pulp and paper production No
7.b Chlorinated inorganic chemicals No
7.c Chlorinated aliphatic chemicals No
7.d Chlorinated aromatic chemicals No
7.e Other chlorinated and non-chlorinated chemicals No
7.f Petroleum industry Yes
7.g Textile production NE
7.h Leather refining NE
8 Miscellaneous Yes

8.a Drying of biomass NE 
8.b Crematoria No
8.c Smoke houses NE 
8.d Dry cleaning Yes
8.e Tobacco smoking Yes
9 Disposal Yes

9.a Landfills, waste dumps and landfill mining Yes
9.b Sewage/ sewage treatment Yes
9.c Open water dumping Yes
9.d Composting No
9.e Waste oil treatment (non-thermal) NE 
10 Hot Spots Yes

10.a Sites used for the production of chlorine No
10.b Production sites of chlorinated organics No

10.c Application sites of PCDD/PCDF containing, pesticides 
and chemicals Yes

10.d Timber manufacture and treatment sites NE
10.e Textile and leather factories NE
10.f Use of PCB Yes

10.g Use of chlorine for production of metals and inorganic 
chemicals NE

10.h Waste incinerators No
10.i Metal industries NE
10.j Fire accidents NE
10.k Dredging of sediments and contaminated flood plains No
10.l Dumps of wastes/residues from source groups 1-9 NE

10.m Kaolin or ball clay sites No

Note: 
Present sources (Yes), 
absent (No), 
possible sources but not enough data to estimate emissions (NE – Not estimated)
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2
Inventory results  

and discussion

The present report includes a methodological approach applied to the development of 
emissions inventories for selected POPs, based on the available activity data from the official 
sources of information and the most current data available from the National GHG Inventory 
for 1990-2019. 

As a result, a comprehensive inventory was generated in order to understand the extent of 
PCDD/F, PCB, HCB and PAH emissions to air, water, land, residue and products from the major 
sources identified in the Republic of Moldova. Unless specific information was available, the 
default emission factors suggested in the EMEP/EEA 2019 Guidebook and the UNEP 2013 
Toolkit have been used throughout this report. This approach, although conservative, ensures 
consistency and may be useful to compare emissions from the CEE Region. 

Available emission factors in the above mentioned guidebooks have been compiled and 
summarized in an Excel Spreadsheet along with the activity data for each source category 
identified in the country. 

Below is the summary of quantitative estimates of the releases to all vectors (air, water, land, 
residue and products) for the main sources of POPs (Dioxins and Furans, PCB and HCB) existent 
in the Republic of Moldova. Dioxins and furans, PCB and HCB emission estimates for each 
source category are provided in Annex 2 and PAH emission estimates - in Annex 3. Activity 
data used for estimation are presented din Annex 4, while the emission factors in the Annex 5. 

Application of Toxic Equivalents (TEQ)

Taken as a whole, PCDD and PCDF are a group of 210 tricyclic, chlorine‐containing aromatic 
chemicals; there are 75 congeners of PCDD and 135 congeners of PCDF possible. PCDD 
and PCDF typically occur as mixtures. The most toxic compounds have chlorines in the 2, 
3, 7 and 8 positions; they have been assigned a toxicity equivalency factor (TEF) based on 
the relative potency of each congener in comparison to the most toxic congener, 2,3,7,8‐
tetrachlorodibenzo‐p‐dioxin. In total, there are 17 congeners in which chlorine atoms occur 
at the 2, 3, 7, and 8 positions. Mixtures of these congeners are often evaluated and reported 
as a single number called toxic equivalent (TEQ). To determine the TEQ of a mixture, the mass 
concentration of each congener is analytically determined, multiplied with the assigned TEF, 
and the products summed. 
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2.1 Dioxins and Furans

In 2019, Republic of Moldova contributed with 146.9 g TEQ of PCDD/PCDF releases to the 
global environment, of which 113.7 g TEQ to residues, 32.1 g TEQ to air, 1.0 g TEQ to water 
and 0.05 g TEQ to land. From 2001 to 2019, total PCDD/PCDF releases to the environment 
increased by 50% (from 97.3 g TEQ to 146.9 g TEQ). Releases to air increased by 23% (from 
26.1 g TEQ to 32.1 g TEQ),  releases to residues increased by 60% (from 70.7 g TEQ to 113.7 g 
TEQ), releases to water increased by 100% (from 0.5 g TEQ to 1.0 g TEQ) and releases to land 
remained at the same level (from 0.05 g TEQ) (see Figure 2 and Table 2 below).

Figure 2. Summary of total PCDD/PCDF releases for year 2001 to 2019 in the Republic of 
Moldova

Disposal of waste to landfills has been steadily growing over years as a consequence of the 
rise in consumption rate of all types of consumer goods by the general population.  As a result, 
PCDD/PCDF emission estimates to residue have increased by 230% from 44.4 g I-TEQ/y in 2001 
to 101.9 g I-TEQ/y in 2019. 

Table 2. Summary of total PCDD/PCDF releases for years 2001- 2019 in the Republic of 
Moldova, g TEQ/y

Year
PCDD/PCDF Annual Releases, g TEQ/y

Air Water Land Products Residue Total

2001 26.15 0.46 0.05 - 70.69 97.34

2004 36.14 0.54 0.05 - 79.90 116.63

2008 36.61 0.90 0.04 - 114.55 152.12

2012 43.91 0.82 0.04 - 91.58 136.36

2016 34.47 0.93 0.04 - 97.37 132.81

2018 42.06 0.98 0.05 - 111.37 154.45

2019 32.06 1.03 0.05 - 113.71 146.85
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Largest share (approx. 69%) of total PCDD/PCDF releases in 2019 resulted from source category 
Disposal of waste to landfills and waste dumps, followed by source category Heat and Power 
Generation (15.7%) and Iron and steel production in category Ferrous and Non-Ferrous Metal 
Production (9.9%) (see Figure 3 and Table 3 below). 

Figure 3. Total PCDD/PCDF releases, by sources, for year 2001 to 2019 in the Republic of 
Moldova, g TEQ/y

From 2001 to 2019, the increase in dioxin and furan emissions can be observed from the 
source category Heat and Power Generation sector, due to increased consumption of fuels 
(coal and solid biomass) used for heating in the residential sector. Also, emissions from this 
sector in 2018 and 2019 are twice higher compared to 2016. This can be explained by the 
changes in the reporting of statistical data for solid biomass consumption in the residential 
sector after the 2016 Census on Energy Consumption in the Residential Sector carried out by 
the National Bureau of Statistics (Energy consumption in households. Results of the Survey 
on energy consumption, NBS, Chisinau, 2016, p. 41 URL: https://statistica.gov.md/public/files/
publicatii_electronice/Consum_energie_gospoda/Consum_energie.pdf). 

The emissions from the source category Iron and steel manufacturing industry have almost 
halved since 2001 for all three types of POPs considered in this report. Also, it should be noted 
that emission estimates for source category Clinical waste incineration decreased significantly 
(by an order of 3 to 4) for all three POPs. This change could be attributed to changes in the 
practice of medical waste treatment by medical institutions in the country with less clinical 
waste being neutralized by burning methods. 
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Table 3. Summary of PCDD/PCDF emissions, by sources, in the Republic of Moldova for years 
2001 -2019, g I-TEQ

Source Groups 2001 2004 2008 2012 2016 2018 2019

Waste Incineration 15.24 24.48 25.40 35.24 18.76 9.92 4.08

Ferrous and Non-Ferrous Metal 
Production 31.69 32.49 30.67 12.20 6.51 18.24 14.47

Heat and Power Generation 2.83 3.85 3.80 4.73 12.30 26.43 23.04

Production of Mineral Products 0.44 0.36 0.52 0.30 0.27 0.52 0.50

Transportation 0.46 0.21 0.15 0.10 0.43 0.36 0.28

Open Burning Processes 1.94 1.89 1.72 1.55 1.67 1.84 1.81

Production of Chemicals and 
Consumer Goods 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Miscellaneous 0.23 0.25 0.31 1.09 0.43 0.72 0.72

Disposal 44.43 52.98 89.43 80.96 92.34 96.38 101.94

Total 97.34 116.63 152.13 136.36 132.81 154.45 146.85

2.1.1 Dioxins emissions to air
In 2019, dioxins and furans releases to air in the Republic of Moldova accounted for 21.8% of 
the total. Compared to 2001, emissions to the air increased by 23% (from 26.1 g TEQ to 32.1 g 
TEQ). 

Emission estimates to air for each source sector are presented in Annex 2. Figure 4 below 
illustrates the total dioxins emissions to air for the two major contributing sources:

1)	 Residential combustion (1A4bi) - accounting for 70 % of total dioxin releases to air in 
2019, and

2)	 Clinical waste incineration (5C1biii) - 12.7% in 2019, whereas in 2001 it was 58%. 

Other important sources of dioxin emissions to air in the Republic of Moldova are:

•	 Iron and steel production (2C1) - 7.4% in 2019, which has halved since 2001, and

•	 Municipal waste incineration (5C1) or Open burning of domestic waste - 5.5% of the 
total. 

Other existing sources account for less than 1% of dioxins and furans emissions to air. 
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Figure 4. Summary of PCDD/PCDF releases to air for year 2001 to 2019 in the Republic of 
Moldova, g TEQ/y

2.1.2 Dioxins emissions to water
Dioxins emissions to water are reported in Annex 2 and Figure 5. Releases to this vector 
contribute very  little to the total dioxins emissions and are coming mainly from the following 
sector: 

•	 Solid waste disposal on land (5A) - as landfill leachate to groundwater. Estimated 
emissions are about 1 g I-TEQ in 2019, which is twice higher than in 2001.

Another source for this vector is source category Wastewater and sewage sludge treatment 
(5D) - with insignificant estimated emissions (0.03 g I-TEQ/y) throughout the entire period of 
2001-2019. 

Figure 5. Summary of PCDD/PCDF releases to water for year 2001 to 2019 in the Republic of 
Moldova, g TEQ/y
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2.1.3 Dioxins emissions to land
Dioxins emissions to land are reported in Annex 2 and Figure 6. Emissions to this vector 
contribute insignificantly to the total dioxins emissions. Emissions of up to 0.05 g I-TEQ/y 
are registered from source category Open burning of domestic waste reported under 5C1 
Municipal waste incineration. 

Figure 6. Summary of PCDD/PCDF emissions to land for year 2001 to 2019 in the Republic of 
Moldova, g TEQ/y

2.1.4 Dioxins emissions to residues 
Table 2 provides the emissions of dioxins to residue for the years 2001-2019. Figure 7 shows 
the total Dioxins emissions to residue for the two major contributing sources:

•	 Solid waste disposal on land (5A) - accounting for 88% of dioxin emissions to residue 
in 2019, increasing more than two times compared to 2001; and

•	 Iron and steel production (2C1) - representing 10% in 2019. Emission estimates have 
dropped by two times after 2008. 

Other sources of emissions to this vector are the residues formed from source category Dry 
cleaning (2D3f) and Wastewater treatment (5D). Minor contributions have the Secondary 
production of aluminium (2C3) and Clinical waste incineration (5C1biii). 
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Figure 7. Summary of PCDD/PCDF emissions to residue for year 2001 to 2019 in Moldova,  
g I-TEQ/an

2.1.5 Dioxins emissions to product
No emission estimates for this vector have been made due to lack of relevant Emission Factors 
in the UNEP 2013 POP toolkit as well as the EMEP/EEA 2019 guidebook. 

2.1.6  Contaminated Sites and Hot-spots
Article 6 of the Stockholm Convention encourages parties to develop strategies to identify 
sites contaminated with unintentional POPs. This source group includes an indicative list of 
activities that might have resulted in the contamination of soils and sediments with PCDD/
PCDF and other unintentional POPs, including related deposits.

The procedure comprises three tasks:

1.	 Identifying historical activities that could have caused contamination and identifying 
the potentially contaminated sites;

2.	 Assessing these sites for the likely magnitude of the contamination and ranking by their 
exposure risk;

3.	 Assessing the degree of contamination of the most significant sites by detailed analysis.

The following source groups were considered when assessing sites potentially contaminated 
with PCDD/PCDF and other unintentional POPs, as well as (historic) stockpiles of contaminated 
wastes in the Republic of Moldova:
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•	 Use or application sites of organochlorine compounds known to contain PCDD/PCDF 
or having PCDD/PCDF precursor potential (production sites of PCB-filled equipment, 
PCP use in wood preservation, application areas of pesticides containing PCDD/PCDF).

•	 End-of-life storage and disposal/dumping sites of organochlorine compounds known 
to contain PCDD/PCDF or having PCDD/PCDF precursor potential (obsolete pesticide 
storage/burial, PCB storage).

Application sites of PCDD/PCDF containing pesticides and chemicals

These sites include locations where pesticides and other chemicals containing PCDD/PCDF 
have been applied. 

Historical activities that could have caused contamination

Dioxin-containing herbicides/pesticides such as DDT, HCCH (hexachlorocyclohexane), 
Heptachlor and Toxaphene have been applied extensively in agriculture in the Republic of 
Moldova before they have been banned for use in the country (Heptachlor was banned in 1986 
and Toxaphene in 1991). 

Very high amounts of pesticides were used in agriculture of the Republic of Moldova between 
1970 and 1990, amounting over 800 thousand tons and the mean ratio of active substance 
reached 19.7 kg/ha, which was several times the average level in the former Soviet Union. This 
level decreased significantly by the year 2001, which was only 2 kg/ha of active substance. 
Hence, it is expected that this practice has resulted in large contaminated areas. 

In the past, stocks of unused pesticides were accumulated over the years across the country 
in numerous warehouses without proper supervision. As a result, pesticides from these 
warehouses were stolen, buried without control or leaked due to damaged packaging and 
improper storage. Hence, due to this practice, during the period from 1995 to 2003 it was 
estimated that stocks of banned and unusable pesticides from these warehouses decreased 
by 600 tons, including Heptachlor and Toxaphene. Also, during this period around 60% of 
storehouses have been destroyed and demolished. 

Identifying potentially contaminated sites 

Part of the First POP National Inventory from 2003, around 1712 tons of unusable and banned 
pesticides were identified in the remaining storehouses. From them, the composition of only 
777 tons could be identified, which included also POP pesticides such as Heptachlor - 0.08 t 
and Toxaphene – 1.6 tons.

Cartography of POP contaminated sites was carried out with external financial assistance and 
a public database (http://pops.mediu.gov.md) was created with 1600 locations of the pesticide 
warehouses mentioned above and other facilities associated to the application of pesticides. 
Studies carried out in the proximity of the deposits indicated that the soil and surface water 
are contaminated with POP. 

http://pops.mediu.gov.md/
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Among the identified contaminated sites, territory of the warehouse and the facility chemicals 
mixing in village Varatic, district Ricani, was shown to be highly contaminated with residues of 
DDT (16592.5 μg/kg in the 0-60 cm soil layer) and HCH (125,7 μg/kg in the 0-20 cm soil layer). 
Also, aquatic sediments in the surrounding area were found to be contaminated.

Another potential contaminated site is the secured landfill for burial of unusable and banned 
pesticides built in 1978 near village Cismichioi in UTA Gagauzia. During 1978-1988 there were 
buried 3.94 thousand tons of pesticides, including 654.1 t of DDT and 1303 t of HCCH. Analysis 
of POP content in the soil on top of the landfill indicated that residues of chloro-organic 
pesticides were present in a concentration exceeding the MAC, but the soil outside the landfill 
had residues within the permissible concentrations in the soil. It has shown, also, that waters 
around the landfill were free of residues. 

Earlier studies performed by the Institute of Experimental Meteorology of the former Soviet 
Union revealed that DDT concentration in almost 60% of soil samples in the period 1979 -1985 
was higher than the Maximum Allowable Concentration (MAC), even though DDT had been 
banned since 1970.  Also, surface water pollution with DDT and HCCH was established during 
that time by the State Hydrometerological Service (SHS) of the Republic of Moldova, with values 
of DDT residues in 1980 reaching 8.8-9.7 ppm. 

After 1989, analyses performed by the Agrochemical Service of the RM reflected that in the 
majority of soil samples the concentration of DDT, DDE and HCCH did not exceed the MAC. 
Residues of HCCH were detected in water until 1993, but analyses from 1994-1995 did not 
show any DDT and HCCH residues in surface or underground water. Measured data from 
2002 by SHS detected DDT residues at the level of 0.0-0.1 ppm. Also, monitoring results of soil 
and water quality performed in the period 1999-2003 showed that evaluated soils and water 
sources such as wells, rivers and lakes did not contain residues of organochlorine pesticides. 
Nevertheless, studied performed by the National Institute of Ecology highlighted the presence 
of DDX compounds in the mud of lake Colonita and river Ciuhur. 

Analysis of the degree of contamination with PCDD/PCDF of pesticide application sites has not 
been so far initiated in the Republic of Moldova. An indirect assessment of human exposure 
to PCDD/PCDF and other POP can be made based on the results of the WHO/UNEP survey on 
PCDDs, PCDFs, PCBs and DDT in human milk carried out between 2000 and 2003. It showed 
that levels of PCDDs and PCDFs were around 7.5 pg/kg lipid in pooled human milk sampled 
from women in the Republic of Moldova, which is above the calculated safe level of these 
compounds for the breastfed infant. Also, Republic of Moldova ranked among the highest 
with values above 7 pg/kg lipid of DL-PCBs in pooled human milk, which is high above the 
calculated safe level of these compounds for the breastfed infant. Results for the sum of DDT-
like compounds indicated the presence of high ΣDDTs levels above 1000 μg/kg lipid.

It should be noted that three sites contaminated with POPs pesticides from village Congaz 
(UTAG), village Bujor in district Hincesti and village Step-Soci in Orhei district have been 
remediated during 2007-2008 and the best available techniques for remediation of POP 
contaminated sites have been evaluated.  
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Present use

2,4-D (2,4-Dichlorophenoxyacetic acid) and other chlorinated pesticides are still applied in 
agriculture in RM. Several pesticides confirmed or suspected to contained dioxins, listed in 
a Technical Report from 2000 on Dioxin Flow in Denmark (https://www.researchgate.net/
publication/299470057_Substance_Flow_Analysis_for_Dioxins_in_Denmark), were found as 
being used in the Republic of Moldova in 2016. These are: 2,4 D, Dicamba, Diflubenzuron, 
Imazalil, MCPA (2-methyl-4-chlorophenoxyacetic acid). Also, Bromoxynil is currently allowed 
for use in the RM, however no recorded use has been reported for it in 2016.

Chlorinated pesticides can contain impurities of dibenzo-p-dioxins and dibenzofurans (PCDD/
Fs), and their precursors, as a result of various manufacturing processes and conditions. 
2,4-D, a chlorophenol derivative, is commonly believed to be free of dioxins. However, dioxin 
levels ranging from 195 to 915 parts per trillion (ppt) TEQ were found in 2,4-D manufactured 
in the U.K., Russia and Western Europe. Elevated levels of dioxins were found in 2013 in a 
generic version of 2,4-D, one of Australia’s most widely used herbicides (https://www.abc.
net.au/news/2013-07-22/four-corners-dangerous-dioxins/4833848). Moreover, a study which 
investigated whether PCDD/Fs are formed when 2,4-dichlorophenoxyacetic acid (2,4-D) is 
exposed to sunlight observed considerable formation of PCDD/PCDFs in the 2,4-D formulation 
(to a maximum concentration of 140  μg ∑PCDD/ PCDF  kg−1). Thus, high concentrations of 
dioxins may thus be formed via this pathway after pesticide use (https://www.sciencedirect.
com/science/journal/00456535/88/3).

Estimated amount of 2,4-D (active substance) used in RM in 2016 is about 32 000 kg. Possible 
emissions arising from this activity are not estimated due to lack of relevant emission factors. 

The extent of use in the Republic of Moldova of other organochlorine chemicals such as 
tetrachlorethene or trichlorethene, which can be contaminated with HCB (hexachlorobenzene) 
and PeCB (pentachlorobenzene), is not well documented. According to the import data retrieved 
from comtrade.un.org website, Republic of Moldova imported 2,362 kg of Mixtures containing 
halogenated derivatives of methane, ethane and propane; containing 1,1,1-trichlorethane (methyl 
chloroform) only in 2013. It is generally used for cleaning metal parts or as a solvent for paints 
and adhesives. Tetrachloroethene, also known as tetrachloroethylene or perchloroethylene, is 
used for degreasing of metal parts and in dry cleaning. In 2015 and 2016 the amount imported 
annually constituted on average 9 300 kg, in 2017 and 2018 it increased over 13 000 kg. 

Impurities of HCB in pesticides 

In general, pesticides are characterized by their chemical structure and the property of semi-
volatility. The latter property determines the emission behaviour. A Dutch study estimated 
that on average, 25 % of all pesticide used is emitted to the air (MJPG-Emissie-evaluatie 1995. 
Achtergronddocument Commissie van deskundigen Emissie-Evaluatie MJP-G, IKC, Ede.). 
Historically, a range of pesticides were of interest. However, the use of the most dangerous 
pesticides has been prohibited by the Convention. The only emissions related to pesticide use 
that shall be currently reported are those of HCB, which is present as a contaminant. According 
to the Pesticide Leaching Model, all the HCB present as a contaminant will be volatilised.
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Before pesticide regulations were implemented, HCB impurity levels in many active substances 
were quite high but producers were obliged to reduce the impurity levels dramatically. 
Today, the amounts of impurities are clearly below the legally defined impurity levels but 
national standards for HCB impurity can differ between countries and depend on the year of 
implementation. 

In the frames of the GEF/UNEP Global Project on the Implementation of PRTRs as a tool 
for POPs reporting, dissemination and awareness raising for Belarus, Cambodia, Ecuador, 
Kazakhstan, Moldova and Peru, an attempt to estimate the emissions of HBC was done for the 
2016 year and the results at country level are presented in the figure below.

Figure 8. Estimation of HCB emissions from application of pesticides, g/year, 2016  
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2.2 Polychlorinated biphenyls (PCB)

Emissions to air are identified as the main emission vector for Polychlorinated biphenyls (PCB). 
Figure 8 summarizes the total estimated emission of PCBs from 2001 to 2019 for the air vector. 
In this period, total PCB releases to air decreased from 4.89 kg/y to 2.84 kg/y (Table 4). PCB 
emission estimates to Land are insignificant (in the range of 0.00002 g in 2019) and pertain 
to source category 3F - Field burning of agricultural residues. Emissions to water, product and 
residue vectors were not calculated due to lack of relevant emission factors. 

Figure 9. Summary of total PCB releases for selected years  in the Republic of Moldova. kg/y

Table 4. Summary of total PCB releases for year 2001- 2019 in the Republic of Moldova, kg/y

Year
PCB Annual Releases, kg/y

Air Water Land Products Residue Total

2001 4.89 - 0.00 - - 4.89

2004 5.36 - 0.00 - - 5.36

2008 5.24 - 0.00 - - 5.24

2012 2.42 - 0.00 - - 2.42

2016 1.56 - 0.00 - - 1.56

2018 3.22 - 0.00 - - 3.22

2019 2.84 - 0.00 - - 2.84

The key source of PCBs in Moldova is source category Iron and steel Production (2C1) - 
accounting for 69% of total PCB emissions in 2019; followed by source category Residential 
combustion (1A4bi) - 15.8% in 2019 (see Table 4).  
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Other important source categories are: Combustion in Cement production (1A2fi) - 8.9% of 
total in 2019; and Commercial and institutional combustion (1A4ai) - amounting 4% in 2019.

These main four sources of emissions are summarized in Figure 9. Emissions of PCBs from 
source category Iron and steel production (2C1) have reduced in 2019 by two times since 
2001. The same trend can be observed in the emissions from source category Commercial and 
institutional combustion (1A4ai). PCB emissions from source category Residential combustion 
(1A4bi) have significantly oscillated over the 2001-2019 period. In 2019, they reached a high 
of 0.45 kg/y, being three times higher compared to 2001. This rise can be attributed to the 
increased consumption of coal used for heating in the residential sector. But consumption of 
other fuels, such as natural gas and biomass have increased steadily over the years also.    

Minor source categories of PCB releases, contributing to around 1.5% of total emissions, are:

•	 Other stationary combustion, including military (1A5a); and

•	 Combustion in Food processing, beverages and tobacco production (1A2e).

Figure 10. PCB emission estimates to Air, by sources, in Moldova (kg/y) for selected years
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Table 5. Moldova total PCB releases, by sources, for year 2001 to 2019 (kg/y)

Source Groups 2001 2004 2008 2012 2016 2018 2019

Waste Incineration 0.0076 0.0122 0.0127 0.0176 0.0094 0.0050 0.0020

Ferrous and Non-Ferrous Metal 
Production 4.40 4.51 4.26 1.69 0.88 2.51 1.97

Heat and Power Generation 0.49 0.84 0.97 0.71 0.67 0.71 0.14

Production of Mineral Products - - - - - - -

Transportation 2.51E-06 5.36E-06 4.14E-06 3.15E-06 2.19E-05 1.88E-05 1.68E-05

Open Burning Processes 9.60E-05 9.60E-05 9.60E-05 9.60E-05 9.60E-05 9.60E-05 9.60E-05

Production of Chemicals and 
Consumer Goods - - - - - - -

Miscellaneous - - - - - - -

Disposal - - - - - - -

Total 4.89 5.36 5.24 2.42 1.56 3.22 2.11

2.3 Hexachlorobenzene

As in the case of PCBs, the hexachlorobenzene (HCB) emissions to air are identified as the main 
emission vector. No emissions to other vectors have been estimated due to lack of relevant 
emission factors. HCB emission estimates are summarized in Figure 11. 

Figure 11. HCB emission estimates to air, by sources, in Moldova (kg/y) for selected years



27

Table 6. Summary of total HCB releases for year 2001- 2019 in the Republic of Moldova, kg/y

Year
HCB Annual Releases, kg/y

Air Water Land Products Residue Total

2001 4.45 - - - - 4.45

2004 4.59 - - - - 4.59

2008 4.35 - - - - 4.35

2012 1.81 - - - - 1.81

2016 1.00 - - - - 1.00

2018 2.70 - - - - 2.70

2019 2.12 - - - - 2.12

Total releases of HCB have declined from 4.45 kg/y in 2001 to 2.12 kg/y in 2019 (see Table 7). 
The key source of HCB emissions in Moldova is source category Iron and steel Production 
(2C1), representing 99% of total emissions in 2001, but declining to 93% in 2019 (see Table 7). 
Another minor source, but with a rising trend is Residential combustion (from 0.01 kg/y in 2001 
to 0.13 kg/y in 2019).  

Table 7. Moldova total HCB releases, by sources, for year 2001 to 2019 (kg/y)

Source Groups 2001 2004 2008 2012 2016 2018 2019

Waste Incineration 0.038 0.061 0.064 0.088 0.047 0.025 0.010

Ferrous and Non-Ferrous Metal 
Production 4.40 4.51 4.26 1.69 0.88 2.51 1.97

Heat and Power Generation 0.017 0.019 0.025 0.026 0.076 0.164 0.138

Production of Mineral Products - - - - - - -

Transportation 5.28E-09 1.13E-08 8.72E-09 6.64E-09 4.62E-08 3.97E-08 3.54E-08

Open Burning Processes - - - - - - -

Production of Chemicals and 
Consumer Goods - - - - - - -

Miscellaneous - - - - - - -

Disposal - - - - - - -

Total 4.45 4.59 4.35 1.81 1.00 2.70 2.12
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3
Conclusions  

and Recommendations

Over the period from 2001 to 2019, it can be observed the significant increase (by 50%) in 
dioxins and furans (PCDD/F) emissions in the Republic of Moldova, particularly due to  major 
increase in emissions to residue from source category Disposal of municipal waste to landfills 
over this time period, amounting to 57.5 g I-TEQ. Whereas the total increase in dioxins and 
furans emissions over the same timeframe is 49.5 g I-TEQ and the total country emissions in 
2019 represent 146.9 g I-TEQ. This is despite the important decrease in emissions from Medical 
waste incineration and Iron and steel production. 

While referring to PCB and HCB emissions the clear declining trend is noticed, decreasing 
those by more than two times from 2001 to 2019. This decrease is mostly attributable to the 
decline in Iron and steel production within the country. 

For further improvement of the inventory, several recommendations are outlined below.

To implement actions for separate disposal of domestic and hazardous waste

It should be noted that the high estimates from the category Disposal to landfills result from 
the use of the emission factors suggested for mixed wastes, which is ten times higher than 
the emission factors for domestic wastes. Therefore, it is important that a mechanism which 
would encourage and facilitate disposal of domestic waste separately from hazardous waste 
is put in place in the country, in order to prevent the formation and release of unintentional 
POPs. Consequently, a decline in dioxins and furans emissions would be, in this way, insured 
over the forthcoming years. 

To improve the quality of activity data 

Data regarding the amount of agricultural and domestic waste burnt and the percentage of population 
burning waste could be improved by carrying out a separate study among the rural population with 
regard to such practices. At the same time, activities aimed at raising public awareness of the risks 
for health and environment associated with these practices could be implemented. 

To clarify differences in emission factors suggested by guidebooks

In order to decrease the uncertainties related to the emission estimates, it is deemed useful 
to inquire with authors of the 2013 UNEP POP Toolkit and 2019 EMEP/EEA guidebook the 
inconsistencies in the values and units of measures for EFs for certain categories of sources.
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Annex 1. 
Identified source categories in the Republic of Moldova and 
correlation table between the UNEP and EMEP source categories 

Categories listed in the UNEP Toolkit 
(2013 version)

Corresponding categories from EMEP/EEA 2019 
Guidebook (with NFR Codes for CRLTAP)

1. Waste Incineration 5.C.1.b.iii Clinical Waste Incineration

2. Ferrous and Non-Ferrous Metal 
Production

2.C.1 Iron and Steel Production

2.C.3 Secondary Aluminium Production

2.C.5 Lead Production

3. Heat and Power Generation

1.A.1.a Public electricity and heat production

1.A.2 Manufacturing industries and construction

1.A.4 Small Combustion

4. Production of Mineral Products

2.A.1 Cement production

2.A.2 Lime production

2.A.3 Glass production

2.A.6 Other mineral (Brick and Ceramics production)

2.D.3.b Road paving with asphalt

2.D.3.c Asphalt roofing

5. Transportation 1.A.3 Transport

6. Open Burning Processes

3.F Field Burning of agricultural residues

5.C.1.a Municipal waste incineration (uncontrolled)/ Open 
burning of domestic waste

11.B Forest fires

7. Production of Chemicals  
     and Consumer Goods 1.B.2.a.iv Fugitive emissions oil – refining/storage

8. Miscellaneous
2.D.3.f Dry cleaning

2.D.3.i.2 Other product use: tobacco use

9. Disposal

5.A Biological treatment of waste - solid waste disposal 
on land

5.D Wastewater handling/ Sewage treatment and Open 
wastewater dumping



Annex 2. 
POP Emission estimates in Moldova (2001, 2004, 2008, 2012, 2016, 2018, 2019)

Total uPOPs

Table 2.1. Summary of uPOPs releases per source category, 2001-1019

Source Groups 2001 2004 2008 2012 2016 2018 2019 
PCDD-F, 

g/y
PCB, 
kg/y

HCB, 
kg/y

PCDD-F, 
g/y

PCB, 
kg/y

HCB, 
kg/y

PCDD-F, 
g/y

PCB, 
kg/y

HCB, 
kg/y

PCDD-F, 
g/y

PCB, 
kg/y

HCB, 
kg/y

PCDD-F, 
g/y

PCB, 
kg/y

HCB, 
kg/y

PCDD-F, 
g/y

PCB, 
kg/y

HCB, 
kg/y

PCDD-F, 
g/y

PCB, 
kg/y

HCB, 
kg/y

Waste 
Incineration 15,32 0,0 0,0 24,60 0,0 0,1 25,53 0,0 0,1 35,42 0,0 0,1 18,85 0,0 0,0 9,97 0,0 0,0 4,10 0,0 0,0

Ferrous 
and Non-
Ferrous Metal 
Production

31,69 4,4 4,4 32,49 4,5 4,5 30,67 4,3 4,3 12,20 1,7 1,7 6,51 0,9 0,9 18,24 2,5 2,5 14,47 2,0 2,0

Heat and 
Power 
Generation

2,83 0,5 0,0 3,85 0,8 0,0 3,80 1,0 0,0 4,73 0,7 0,0 12,30 0,7 0,1 26,43 0,7 0,2 23,04 0,9 0,1

Production 
of Mineral 
Products

0,44 - - 0,36 - - 0,52 - - 0,30 - - 0,28 - - 0,52 - - 0,50 - -

Transportation 0,46 0,0 0,0 0,21 0,0 0,0 0,15 0,0 0,0 0,10 0,0 0,0 0,43 0,0 0,0 0,36 0,0 0,0 0,28 0,0 0,0
Open Burning 
Processes 1,95 0,0 - 1,89 0,0 - 1,72 0,0 - 1,55 0,0 - 1,67 0,0 - 1,84 0,0 - 1,80 0,0 -

Production 
of Chemicals 
and Consumer 
Goods

0,00 - - 0,00 - - 0,00 - - 0,00 - - 0,00 - - 0,00 - - 0,00 - -

Miscellaneous 0,23 - - 0,25 - - 0,31 - - 1,09 - - 0,44 - - 0,72 - - 0,72 - -

Disposal 44,43 - - 52,98 - - 89,43 - - 80,96 - - 92,34 - - 96,38 - - 101,94 - -
Identification 
of Potential 
Hot-Spots

- - - - - - - - - - - - - - - - - - - - -

Total 97,35 4,9 4,5 116,64 5,4 4,6 152,13 5,2 4,3 136,35 2,4 1,8 132,81 1,6 1,0 154,45 3,2 2,7 146,85 2,8 2,1
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Dioxins/Furans

Table 2.2 Estimated dioxin and furan emissions to air (g-ITEQ/y) in Moldova (2001, 2004, 
2008, 2012, 2016, 2018, 2019) 

2001 2004 2008 2012 2016 2018 2019

1A1a 0.04 0.04 0.05 0.04 0.04 0.03 0.03

1A2a 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1A2c 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1A2d 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1A2e 0.06 0.04 0.02 0.02 0.02 0.02 0.01

1A2f 0.00 0.01 0.40 0.02 0.22 0.20 0.19

1A2gviii 0.00 0.00 0.00 0.01 0.00 0.01 0.00

1A3 0.46 0.21 0.15 0.10 0.43 0.36 0.28

1A4ai 0.33 0.55 0.33 0.25 0.19 0.21 0.19

1A4bi 2.36 3.17 2.94 4.38 11.78 25.90 22.56

1A4ci 0.00 0.00 0.00 0.00 0.01 0.01 0.01

1A5a 0.03 0.01 0.03 0.00 0.05 0.05 0.05

1B2aiv 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2A1 0.02 0.03 0.07 0.04 0.04 0.05 0.05

2A2 0.38 0.28 0.39 0.21 0.18 0.374 0.37

2A3 0.03 0.04 0.03 0.03 0.03 0.04 0.04

2A6 0.00 0.00 0.01 0.00 0.00 0.00 0.00

2C1 5.27 5.41 5.11 2.03 1.06 3.01 2.36

2C3 0.01 0.00 0.00 0.00 0.03 0.03 0.04

2C5 0.00 NO NO NO NO NO NO

2D3b 0.01 0.02 0.02 0.02 0.02 0.05 0.04

2D3c - 0.00 0.01 0.00 - - -

2D3i2 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3F 0.02 0.00 0.01 0.00 0.00 0.00 0.00

5C1a 1.87 1.85 1.67 1.50 1.62 1.79 1.76

5C1biii 15.24 24.48 25.40 35.24 18.76 9.92 4.08

5C2 NE NE NE NE NE NE NE

5E NE NE NE NE NE NE NE

11.B 0.00 0.00 0.00 0.01 0.00 0.00 0.00

Total  
Dioxin Air 26.15 36.15 36.63 43.91 34.47 42.06 32.06
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Table 2.3. Estimated dioxin and furan emissions to water (g-ITEQ/y) in Moldova (2001, 2004, 
2008, 2012, 2016, 2018, 2019) 

2001 2004 2008 2012 2016 2018 2019

5A 0.43 0.52 0.88 0.80 0.91 0.95 1.00

5D 0.03 0.03 0.03 0.03 0.03 0.03 0.03

Total Dioxin 
Water 0.47 0.55 0.91 0.82 0.94 0.98 1.03

Table 2.4. Estimated dioxin and furan emissions to land (g-ITEQ/y) in Moldova (2001, 2004, 
2008, 2012, 2016, 2018, 2019) 

2001 2004 2008 2012 2016 2018 2019

3F 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5C1a 0.05 0.05 0.04 0.04 0.04 0.05 0.04

5E NE NE NE NE NE NE NE

11B 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total Dioxin 
Land 0.05 0.05 0.04 0.04 0.04 0.05 0.05

Table 2.5. Estimated dioxin and furan emissions to residue (g-ITEQ/y) in Moldova (2001, 2004, 
2008, 2012, 2016, 2018, 2019) 

2001 2004 2008 2012 2016 2018 2019

1A1a 0.00 0.02 0.03 0.01 0.00 0.00 0.00

2A6 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2C1 26.37 27.07 25.56 10.17 5.28 15.04 11.81

2C3 0.04 - - - 0.14 0.16 0.25

2D3f 0.23 0.24 0.30 1.09 0.43 0.72 0.72

2D3i2 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5A 43.36 52.07 88.02 79.54 90.92 94.79 100.30

5C1biii 0.08 0.12 0.13 0.18 0.09 0.05 0.02

5D 0.61 0.37 0.51 0.60 0.49 0.62 0.61

Total Dioxin 
Residue 70.69 79.90 114.55 91.58 97.22 111.21 113.46
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Polychlorinated biphenyls (PCBs)

Table 2.6. Estimated PCB emissions to air (kg/y) in Moldova (2001, 2004, 2008, 2012, 2016, 
2018, 2019) 

2001 2004 2008 2012 2016 2018 2019

1A1a 8.05E-07 5.08E-07 3.30E-07 1.35E-06 7.14E-07 1.58E-07 9.77E-08

1A2a 0.00 5.10E-04 5.10E-04 0.00 0.00 0.00 0.00

1A2c 0.00 0.00 0.00 0.00 0.00 1.80E-07 1.20E-07

1A2d 0.00 0.00 0.00 0.00 0.00 2.40E-07 1.70E-04

1A2e 0.0449 0.0313 0.0136 0.0160 0.0107 0.0102 0.0065

1A2f 0.0332 0.0565 0.4834 0.1007 0.2630 0.2566 0.2530

1A2gviii 0.0000 0.0010 0.0007 0.0003 0.0005 0.0119 0.0000

1A3d 2.51E-06 5.36E-06 4.14E-06 3.15E-06 2.19E-05 1.88E-05 1.68E-05

1A4ai 0.26 0.43 0.25 0.17 0.13 0.13 0.12

1A4bi 0.13 0.31 0.20 0.42 0.22 0.25 0.45

1A4ci 0.0000 0.0017 0.0003 0.0012 0.0049 0.0068 0.0077

1A5a 0.020 0.007 0.023 0.001 0.039 0.042 0.041

2C1 4.40 4.51 4.26 1.69 0.88 2.51 1.97

2C3 8.00E-06 NA NA NA 2.90E-05 2.90E-05 2.90E-05

2C5 3.00E-08 NO NO NO NO NO NO

3F 2.00E-06 2.00E-06 2.00E-06 2.00E-06 2.00E-06 2.00E-06 2.00E-06

5C1a 9.40E-05 9.40E-05 9.40E-05 9.40E-05 9.40E-05 9.40E-05 9.40E-05

5C1biii 0.0076 0.0122 0.0127 0.0176 0.0094 0.0050 0.0020

Total PCB 
Air 4.89 5.36 5.24 2.42 1.56 3.22 2.84
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Table 2.7. Estimated PCB emissions to land (kg/y) in Moldova (2001, 2004, 2008, 2012, 2016, 
2018, 2019) 

2001 2004 2008 2012 2016 2018 2019

3F 4.90E-07 2.07E-08 2.30E-07 5.47E-09 1.66E-08 5.68E-09 2.35E-08

Total PCB 
Land 4.90E-07 2.07E-08 2.30E-07 5.47E-09 1.66E-08 5.68E-09 2.35E-08

Hexachlorobenzene (HCB) 

Table 2.8. Estimated HCB emissions to air (kg/y) in Moldova (2001, 2004, 2008, 2012, 2016, 
2018, 2019) 

2001 2004 2008 2012 2016 2018 2019

1A1a 1.32E-03 9.98E-04 6.68E-04 2.75E-03 1.40E-03 2.54E-04 1.77E-04

1A2a 0.00 1.86E-06 1.86E-06 0.00 0.00 0.00 0.00

1A2c 0.00 0.00 0.00 0.00 0.00 1.50E-05 1.00E-05

1A2d 0.00 0.00 0.00 0.00 0.00 2.00E-05 6.20E-07

1A2e 2.24E-04 3.14E-04 7.46E-05 9.83E-05 1.79E-04 2.82E-04 9.86E-05

1A2f 1.48E-03 2.43E-03 8.05E-03 3.89E-03 4.38E-03 4.99E-03 5.08E-03

1A2gviii 0.00 6.87E-05 1.32E-04 4.56E-04 4.69E-05 6.34E-05 1.00E-05

1A3d 5.28E-06 1.13E-05 8.72E-06 6.64E-06 4.62E-05 3.97E-05 3.54E-05

1A4ai 1.74E-03 3.28E-03 2.52E-03 2.38E-03 2.09E-03 3.02E-03 2.72E-03

1A4bi 1.12E-02 1.17E-02 1.31E-02 1.64E-02 6.78E-02 1.55E-01 1.29E-01

1A4ci 1.90E-04 6.08E-05 5.67E-05 1.69E-04 2.58E-04 2.80E-04 2.49E-04

1A5a 3.81E-04 1.63E-04 2.22E-04 8.98E-06 1.42E-04 1.53E-04 1.50E-04

2C1 4.40 4.51 4.26 1.69 0.88 2.51 1.97

2C3 1.00E-04 0.00 0.00 0.00 3.58E-04 3.97E-04 6.24E-04

2C5 1.70E-05 - - - - - -

5C1biii 0.038 0.061 0.064 0.088 0.047 0.025 0.010

Total  
HCB Air 4.45 4.59 4.35 1.81 1.00 2.70 2.12
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Annex 3 
PAH Emission estimates in Moldova (2001, 2004, 2008, 2012, 2016, 
2018, 2019)

Polycyclic aromatic hydrocarbons (PAHs)

Table 3.1. Estimated Total PAHs emissions to air (kg/y) in Moldova (2001, 2004, 2008, 2012, 
2016, 2018, 2019) 

2001 2004 2008 2012 2016 2018 2019

1A1a 0.41 0.21 0.18 0.24 0.24 0.21 0.18

1A2a 0.00 0.44 0.44 0.00 0.00 0.00 1.16E-05

1A2c 0.00 0.02 2.26E-04 7.54E-05 0.02 0.11 0.07

1A2d 0.00 1.91E-04 2.90E-04 2.84E-04 2.84E-04 0.13 0.17

1A2e 43.83 31.87 14.02 14.23 12.28 10.86 6.20

1A2f 0.17 2.78 286.02 13.44 155.50 158.21 154.39

1A2gviii 0.58 2.14 2.28 4.08 1.00 10.95 0.81

1A3b 16.03 26.91 30.54 33.86 43.64 47.07 48.90

1A3c 0.88 1.52 2.40 1.28 1.20 0.56 0.64

1A3d 1.52E-03 3.24E-03 2.51E-03 1.91E-03 0.013 0.011 0.010

1A4ai 228.84 383.24 227.66 159.95 122.83 128.42 115.60

1A4bi 1366.25 2177.29 1786.03 2997.52 5649.00 11828.72 10915.91

1A4ci 4.09 2.13 0.71 2.18 5.96 7.68 8.18

1A5a 20.12 7.37 20.88 0.83 33.57 36.21 35.48

1B2c 0.00 5.04 9.45 6.93 11.34 7.56 3.15

2C1 843.90 866.33 817.99 325.40 169.03 481.41 377.97

2D3i2 8.14 4.46 3.88 3.61 1.92 1.13 0.65

3F 112.50 4.74 52.87 1.25 3.80 1.30 5.40

Total  
PAHs Air 2646 3516 3255 3565 6211 12721 11674
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Table 3.2. Estimated B[a]P emissions to air (kg/y) in Moldova (2001, 2004, 2008, 2012, 2016, 
2018, 2019) 

2001 2004 2008 2012 2016 2018 2019

1A1a 0.200 0.048 0.031 0.038 0.061 0.067 0.042

1A2a 0.00 0.14 0.14 0.00 0.00 0.00 0.00

1A2c 0.00 1.91E-03 2.81E-05 9.36E-06 1.92E-03 0.03 0.02

1A2d 0.00 2.38E-05 3.60E-05 3.53E-05 3.53E-05 0.03 0.07

1A2e 12.58 9.10 3.89 4.37 3.27 3.25 1.89

1A2f 0.02 0.72 88.56 4.07 48.16 44.38 42.88

1A2gviii 0.06 0.48 0.52 1.06 0.25 3.28 0.09

1A3b 2.34 3.83 4.42 5.16 6.77 7.31 7.64

1A3c 0.33 0.57 0.90 0.48 0.45 0.21 0.24

1A3d 1.32E-04 2.82E-04 2.18E-04 1.66E-04 1.15E-03 9.92E-04 8.84E-04

1A4ai 70.89 118.64 70.38 49.33 37.84 39.41 35.48

1A4bi 439.51 672.27 567.27 926.72 1916.39 4074.06 3695.19

1A4ci 0.29 0.56 0.20 0.65 1.80 2.33 2.49

1A5a 5.91 2.23 6.37 0.24 10.42 11.24 11.01

1B2c 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2D3i2 3.67 2.01 1.75 1.63 0.87 0.51 0.29

3F 19.27 0.81 9.06 0.21 0.65 0.22 0.93

Total B[a]
P Air 555 811 753 994 2027 4186 3798
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Table 3.3. Estimated B[b]F emissions to air (kg/y) in Moldova (2001, 2004, 2008, 2012, 2016, 
2018, 2019)

2001 2004 2008 2012 2016 2018 2019

1A1a 0.070 0.055 0.050 0.074 0.063 0.050 0.048

1A2a 0.00 0.18 0.18 0.00 0.00 0.00 0.00

1A2c 0.00 0.015 0.00 0.00 0.015 0.048 0.032

1A2d 0.00 0.00 0.00 0.00 0.00 0.064 0.059

1A2e 19.25 14.09 6.37 5.79 5.17 4.58 2.56

1A2f 0.10 1.33 115.20 5.53 62.61 71.07 70.04

1A2gviii 0.44 1.16 1.24 2.02 0.50 4.59 0.59

1A3b 5.60 9.46 10.72 11.81 15.19 16.38 17.00

1A3c 0.55 0.95 1.50 0.80 0.75 0.35 0.40

1A3d 0.0007 0.0014 0.0011 0.0008 0.0058 0.0050 0.0044

1A4ai 92.23 154.63 92.08 64.95 49.97 52.58 47.34

1A4bi 496.50 831.65 659.51 1143.25 1910.59 3912.79 3703.40

1A4ci 3.54 1.06 0.32 0.94 2.51 3.20 3.40

1A5a 8.74 3.09 8.61 0.37 13.49 14.55 14.25

1B2c 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2D3i2 1.49 0.82 0.71 0.66 0.35 0.21 0.12

3F 53.80 2.27 25.28 0.60 1.82 0.62 2.58

Total B[b]
F Air 682 1021 922 1237 2063 4081 3862
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Table 3.4.  Estimated B[k]F emissions to air (kg/y) in Moldova (2001, 2004, 2008, 2012, 2016, 
2018, 2019)

2001 2004 2008 2012 2016 2018 2019

1A1a 0.065 0.053 0.049 0.071 0.060 0.049 0.047

1A2a 0.00 0.071 0.071 0.00 0.00 0.00 2.20E-06

1A2c 0.00 0.002 4.29E-05 1.43E-05 0.002 0.015 0.010

1A2d 0.00 3.63E-05 5.50E-05 5.39E-05 5.39E-05 0.020 0.024

1A2e 6.71 4.86 2.10 2.28 2.46 1.70 0.99

1A2f 0.029 0.42 46.21 2.16 25.13 23.92 23.19

1A2gviii 0.049 0.28 0.29 0.55 0.14 1.73 0.073

1A3b 4.96 8.48 9.61 10.48 13.47 14.55 15.06

1A3c - - - - - - -

1A3d 0.0007 0.0014 0.0011 0.0008 0.0058 0.0050 0.0044

1A4ai 36.90 61.74 36.60 25.64 19.65 20.43 18.39

1A4bi 191.90 323.96 255.56 445.24 729.52 1488.09 1414.83

1A4ci 0.15 0.29 0.10 0.33 0.93 1.20 1.29

1A5a 3.07 1.15 3.31 0.12 5.43 5.85 5.74

1B2c 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2D3i2 1.49 0.82 0.71 0.66 0.35 0.21 0.12

3F 22.95 0.97 10.79 0.26 0.78 0.27 1.10

Total B[k]
F Air 268 403 365 488 798 1558 1481
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Table 3.5.  Estimated IP emissions to air (kg/y) in Moldova (2001, 2004, 2008, 2012, 2016, 
2018, 2019)

2001 2004 2008 2012 2016 2018 2019

1A1a 0.070 0.052 0.047 0.061 0.056 0.049 0.047

1A2a 0.00 0.056 0.056 0.00 0.00 0.00 0.00

1A2c 0.00 0.0015 4.21E-05 1.40E-05 0.0015 0.0120 0.0080

1A2d 0.00 3.56E-05 5.40E-05 5.29E-05 5.29E-05 0.016 0.019

1A2e 5.28 3.83 1.66 1.78 1.38 1.33 0.77

1A2f 0.02 0.32 36.05 1.68 19.60 18.84 18.28

1A2gviii 0.04 0.22 0.24 0.45 0.11 1.35 0.06

1A3b 3.12 5.14 5.78 6.41 8.21 8.83 9.21

1A3c - - - - - - -

1A3d 6.60E-05 1.41E-04 1.09E-04 8.30E-05 5.77E-04 4.96E-04 4.42E-04

1A4ai 28.82 48.23 28.60 20.04 15.37 15.99 14.40

1A4bi 238.34 349.41 303.69 482.31 1092.51 2353.79 2102.50

1A4ci 0.12 0.23 0.08 0.26 0.73 0.94 1.01

1A5a 2.40 0.90 2.59 0.10 4.24 4.57 4.48

1B2c 0.00 0.0050 0.0095 0.0069 0.0113 0.0076 0.0032

2D3i2 1.49 0.82 0.71 0.66 0.35 0.21 0.12

3F 16.48 0.69 7.74 0.18 0.56 0.19 0.79

Total IP Air 296 410 387 514 1143 2406 2152
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Annex 4. 
Activity data used for uPOPs estimates in Moldova (2001, 2004, 2008, 2012, 2016, 2018, 2019)

          Source categories Unit 2001 2004 2008 2012 2016 2018 2019
1         Energy Sector                

A Combustion
1 Energy industries

a Public electricity and heat production
Coal (Hard and brown coal) TJ 88 137 99 409 193 14 19
Hard coal TJ 88 137 99 409 193 14 19
Brown coal TJ 0 0 0 0 0 0 0
Natural Gas TJ 63104 54053 52522 66173 64453 56501 55536
Petroleum products TJ 1672 799 450 676 88 42 23
Biomass (mixed biomass) TJ 147 16 1 1 22 32 10
Biomass (clean wood) TJ 0 3 1 0 0 0 0

Biomass (straw) TJ 0 226 373 3 0 0 0

2 Manufacturing industries and 
construction (combustion)

a Iron and steel
Hard coal and brown coal TJ 0 3 3 0 0 0 0
Gaseous fuels TJ 0 0 1 0 0 0 2
Liquid fuels TJ 0 0 0 0 0 0 0
Solid Biomass TJ 0 0 0 0 0 0 0

b Non-ferrous metals 

Hard coal and brown coal TJ NO NO NO NO NO NO NO

Gaseous fuels TJ NO NO NO NO NO NO NO

Liquid fuels TJ NO NO NO NO NO NO NO

Solid Biomass TJ NO NO NO NO NO NO NO
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          Source categories Unit 2001 2004 2008 2012 2016 2018 2019

c Chemicals

Hard coal and brown coal TJ 0 0 0 0 0 0 0

Gaseous fuels TJ 0 11 39 13 27 31 42

Liquid fuels TJ 0 1 0 0 1 0 0

Solid Biomass TJ 0 0 0 0 0 3 2

d Pulp, paper and print 

Hard coal and brown coal TJ 0 0 0 0 0 0 1

Gaseous fuels TJ 0 33 50 49 49 51 47

Liquid fuels TJ 0 0 0 0 0 0 0

Solid Biomass TJ 0 0 0 0 0 4 0

e Food processing, beverages and 
tobacco 
Hard coal and brown coal TJ 264 184 80 94 63 60 38

Gaseous fuels TJ 293 391 567 721 917 1203 991

Liquid fuels TJ 234 174 105 8 67 17 5

Solid Biomass TJ 12 40 5 8 28 49 15

f  Non metallic minerals 

Hard coal and brown coal TJ 0 14 1943 88 1057 929 893

Gaseous fuels TJ 3491 4245 2698 1834 1382 1777 1528

Liquid fuels TJ 0 23 20 7 8 1071 1143

Solid Biomass TJ 0 0 2 0 0 1 1

i Cement production t clinker 321900 525700 1486600 832800 809000 958200 982100

g vii Mobile combustion in manufacturing 
industries and construction
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          Source categories Unit 2001 2004 2008 2012 2016 2018 2019

viii Others

Hard coal and brown coal TJ 0 6 4 2 3 70 0

Gaseous fuels TJ 88 79 212 151 155 170 142

Liquid fuels TJ 29 40 39 30 12 27 37

Solid Biomass TJ 0 13 26 91 9 4 2

3 Transport

a Aviation

b Road transport

Passenger cars kt 136 198 204 194 258 276 289

Petrol kg 110208155 165701211 159761135 117455258 144071023 146711703 151670038

Diesel kg 25669005 32220796 44568753 76783050 114357193 128813686 137124550

LPG kg 4939921 4624064 8583314 13094909 25246762 25582547 22257300

Light commercial vehicles kt 61 128 143 156 156 159 165

Petrol kg 33241668 72282883 73512683 72661119 44980146 43679697 45515378

Diesel kg 27902195 55703143 69985103 83213464 110761670 115193945 119025708

Hard commercial vehicles              

Diesel kg 112125636 194991864 220653429 236461936 302934415 327582735 337606619

CNG (buses) kg 6289041 2842943 5406684 3715959 9083125 6886082 5448616

L-category              

Petrol kg 3967290 5989734 5911152 5304406 4837007 7638062 8165282

c Railways kt 11 19 30 16 15 7 8

d Navigation (shipping) t 66 141 109 83 577 496 442
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          Source categories Unit 2001 2004 2008 2012 2016 2018 2019

bunker fuel oil t 0 0 0 0 0 0 0

marine diesel oil t 66 141 109 83 577 496 442

*AD used for Railways are the data from IIR2019

4 Small Combustion

a i Commercial/institutional *AD used from IIR, plus BE for 2020

Hard coal and brown coal TJ 1526 2534 1478 1007 761 754 679

Liquid fuels TJ 293 171 181 31 71 22 27

Gaseous fuels TJ 1223 10043 3817 12036 4604 4772 4679

Solid Biomass TJ 146 334 313 350 321 510 458

ii Commercial and institutional mobile 
machinery

b i Residential

Hard coal and brown coal TJ 784 1806 1169 2463 1282 1474 2635

Liquid fuels TJ 29 0 1 0 0 0 0

Gaseous fuels TJ 15671 18326 18324 19345 19110 20563 20909

Solid Biomass TJ 2142 2123 2466 2977 13401 30868 25530

ii
Mobile combustion used in 
residential areas: household and 
gardening mobile machinery

c i Agriculture/forestry

Hard coal and brown coal TJ 0 10 2 7 29 40 45

Liquid fuels TJ 205 21 2 0 2 2 3

Gaseous fuels TJ 117 259 103 139 86 122 128

Solid Biomass TJ 29 10 11 33 48 51 44
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          Source categories Unit 2001 2004 2008 2012 2016 2018 2019

ii

Off-road vehicles and other 
machinery used in agriculture/
forestry mobile machinery (excluding 
fishing)

NE

5 a Other (stationary combustion, 
including military)
Hard coal and brown coal TJ 117 43 134 5 229 247 242

Liquid fuels TJ 60 8 19 4 0 0 0

Gaseous fuels TJ 207 117 106 48 0 0 0

Solid Biomass TJ 59 27 27 1 0 0 0

b Non road mobile machinery (military) NE

B Fugitive emissions from fuels

2 a iv Fugitive emissions oil – refining/
storage ton oil 0 8000 15000 11000 18000 12000 5000

c Venting and flaring TJ

*AD used from BE for 2004-2012 and 2016-2020

2 A Mineral products

1 Cement production ton 321900 525700 1486600 832800 809000 958200 982100

2 Lime production ton 38334 27736 39258 20925 18387 37448 37168

3 Glass production ton 146784 172565 156955 143849 166465 196801 182992

6 Other mineral (Brick) ton 149571 213793 207588 121070 123589 108549 121949

Other mineral (Ceramics) ton 1403 20431 25802 15543 7395 11631 12983

C 1 Iron and steel production ton 1758133 1804862 1704138 677912 352136 1002931 787435

Steel making, EAF ton 967133 1013862 886103 317510 129647 505032 394327
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          Source categories Unit 2001 2004 2008 2012 2016 2018 2019

Rolling mills ton 791000 791000 818035 360402 222489 497899 393108

3 Secondary Aluminum production ton 200,6 0 0 0 715,9 793,6 1247,2

5 Lead production ton 16,7 0 0 0 0 0 0

D 3 b Road paving with asphalt ton 67343 229300 209351 248191 214339 767009 523443

c Asphalt roofing ton NA 6700 90500 39600 NA NA NA

f Dry cleaning ton 149 161 198 714 285 470 475

i 2 Other product use (Use of tobacco) ton 33072 18126 15790 14672 7818 4575 2653

3 F Field burning of agricultural residues ton 49039 2065 23048 547 1657 568 2354

5 A Biological treatment of waste - solid 
waste disposal on land ton 867260 1041400 1760410 1590830 1818370 1895710 2005930

C 1 a Municipal waste incineration 
(uncontrolled) ton 46809 46156 41645 37545 40560 44847 43871

b iii Clinical waste incineration 
(uncontrolled) ton 381 612 635 881 469 248 102

2 Open burning of agricultural waste NE NE NE NE NE NE NE

D Wastewater handling (sewage 
treatment) million m3 138000 85000 115000 135900 111900 140300 140900

Sewage sludge ton 30360 18700 25300 29898 24618 30866 30434

Open wastewater dumping million m3 13 42 14 9,7 29 10 8,9

E Other waste: car fire, house fire NE NE NE NE NE NE NE

11 B Forest fires ton 798 1 232 770 6 941 3 259 325 2 899
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Annex 5. 
Emission factors used for uPOPs estimates in Moldovaand estimation of emissions (2001, 2004, 2008, 
2012, 2016, 2018, 2019)

Dioxins/Furans

Table 5.1. Emission factors for PCDD F and estimation of releases to air, by source category 

Source categories Emission 
factor Unit

Annual emissions - Air

g-ITEQ/a
2001 2004 2008 2012 2016 2018 2019

1 Energy Sector    
A Combustion    

1 Energy industries     0,041 0,041 0,046 0,038 0,035 0,030 0,028

a Public electricity and heat 
production     0,041 0,041 0,046 0,038 0,035 0,030 0,028

Hard coal and brown coal 10 ng I-TEQ/GJ 0,001 0,001 0,001 0,004 0,002 0,000 0,000
Gaseous fuels and gas oil 0,5 ng I-TEQ/GJ 0,032 0,027 0,026 0,033 0,032 0,028 0,028
Light fuel oil 0,5 ng I-TEQ/GJ 0,001 0,000 0,000 0,000 0,000 0,000 0,000
Biomass (mixed biomass) 50 ng I-TEQ/GJ 0,007 0,001 0,000 0,000 0,001 0,002 0,001

Biomass (clean wood) 50 ng I-TEQ/GJ 0,000 0,000 0,000 0,000 0,000 0,000 0,000

Biomass (straw) 50 ng I-TEQ/GJ 0,000 0,011 0,019 0,000 0,000 0,000 0,000

2 Manufacturing industries and 
construction (combustion)     0,058 0,052 0,424 0,052 0,236 0,228 0,198

a Iron and steel     0,000 0,001 0,001 0,000 0,000 0,000 0,000
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Source categories Emission 
factor Unit

Annual emissions - Air

g-ITEQ/a
2001 2004 2008 2012 2016 2018 2019

Hard coal and brown coal 203 ng I-TEQ/GJ 0,000 0,001 0,001 0,000 0,000 0,000 0,000
Gaseous fuels 0,52 ng I-TEQ/GJ 0,000 0,000 0,000 0,000 0,000 0,000 0,000
Liquid fuels 1,4 ng I-TEQ/GJ 0,000 0,000 0,000 0,000 0,000 0,000 0,000
Solid Biomass 100 ng I-TEQ/GJ 0,000 0,000 0,000 0,000 0,000 0,000 0,000

b Non-ferrous metals     NO NO NO NO NO NO NO
Hard coal and brown coal 203 ng I-TEQ/GJ NO NO NO NO NO NO NO

Gaseous fuels 0,52 ng I-TEQ/GJ NO NO NO NO NO NO NO

Liquid fuels 1,4 ng I-TEQ/GJ NO NO NO NO NO NO NO

Solid Biomass 100 ng I-TEQ/GJ NO NO NO NO NO NO NO

c Chemicals     0,000 0,000 0,000 0,000 0,000 0,000 0,000

Hard coal and brown coal 203 ng I-TEQ/GJ 0,000 0,000 0,000 0,000 0,000 0,000 0,000

Gaseous fuels 0,52 ng I-TEQ/GJ 0,000 0,000 0,000 0,000 0,000 0,000 0,000

Liquid fuels 1,4 ng I-TEQ/GJ 0,000 0,000 0,000 0,000 0,000 0,000 0,000

Solid Biomass 100 ng I-TEQ/GJ 0,000 0,000 0,000 0,000 0,000 0,000 0,000

d Pulp, paper and print     0,000 0,000 0,000 0,000 0,000 0,000 0,000

Hard coal and brown coal 203 ng I-TEQ/GJ 0,000 0,000 0,000 0,000 0,000 0,000 0,000

Gaseous fuels 0,52 ng I-TEQ/GJ 0,000 0,000 0,000 0,000 0,000 0,000 0,000

Liquid fuels 1,4 ng I-TEQ/GJ 0,000 0,000 0,000 0,000 0,000 0,000 0,000

Solid Biomass 100 ng I-TEQ/GJ 0,000 0,000 0,000 0,000 0,000 0,000 0,000

e Food processing, beverages and 
tobacco     0,055 0,042 0,017 0,020 0,016 0,018 0,010

Hard coal and brown coal 203 ng I-TEQ/GJ 0,054 0,037 0,016 0,019 0,013 0,012 0,008

Gaseous fuels 0,52 ng I-TEQ/GJ 0,000 0,000 0,000 0,000 0,000 0,001 0,001
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Source categories Emission 
factor Unit

Annual emissions - Air

g-ITEQ/a
2001 2004 2008 2012 2016 2018 2019

Liquid fuels 1,4 ng I-TEQ/GJ 0,000 0,000 0,000 0,000 0,000 0,000 0,000

Solid Biomass 100 ng I-TEQ/GJ 0,001 0,004 0,001 0,001 0,003 0,005 0,002

f  Non metallic minerals     0,003 0,007 0,402 0,022 0,219 0,195 0,188

Hard coal and brown coal 203 ng I-TEQ/GJ 0,000 0,003 0,394 0,018 0,215 0,189 0,181

Gaseous fuels 0,52 ng I-TEQ/GJ 0,002 0,002 0,001 0,001 0,001 0,001 0,001

Liquid fuels 1,4 ng I-TEQ/GJ 0,000 0,000 0,000 0,000 0,000 0,001 0,002

Solid Biomass 100 ng I-TEQ/GJ 0,000 0,000 0,000 0,000 0,000 0,000 0,000

i Cement production 4,1 ng I-TEQ/te 
clinker 0,001 0,002 0,006 0,003 0,003 0,004 0,004

g vii
Mobile combustion in 
manufacturing industries and 
construction

na  

viii Others     0,000 0,003 0,004 0,010 0,002 0,015 0,000

Hard coal and brown coal 203 ng I-TEQ/GJ 0,000 0,001 0,001 0,000 0,001 0,014 0,000

Gaseous fuels 0,52 ng I-TEQ/GJ 0,000 0,000 0,000 0,000 0,000 0,000 0,000

Liquid fuels 1,4 ng I-TEQ/GJ 0,000 0,000 0,000 0,000 0,000 0,000 0,000

Solid Biomass 100 ng I-TEQ/GJ 0,000 0,001 0,003 0,009 0,001 0,000 0,000

   

3 Transport     0,462 0,210 0,146 0,103 0,433 0,357 0,282

a Aviation ne  

b Road transport ne  

c Railways ne  

d Navigation (shipping)     0,000 0,000 0,000 0,000 0,000 0,000 0,000

bunker fuel oil 0,47 μg I-TEQ /tonne 
fuel 0,000 0,000 0,000 0,000 0,000 0,000 0,000
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Source categories Emission 
factor Unit

Annual emissions - Air

g-ITEQ/a
2001 2004 2008 2012 2016 2018 2019

marine diesel/gas oil 0,13 μg I-TEQ /tonne 
fuel 0,000 0,000 0,000 0,000 0,000 0,000 0,000

   

4 Small Combustion     2,726 3,740 3,302 4,633 12,022 26,175 22,812

a i Commercial/institutional     0,327 0,554 0,334 0,246 0,189 0,207 0,186

Hard coal and brown coal 203 ng I-TEQ/GJ 0,310 0,514 0,300 0,204 0,154 0,153 0,138

Liquid fuels 6 ng I-TEQ/GJ 0,002 0,001 0,001 0,000 0,000 0,000 0,000

Gaseous fuels 0,52 ng I-TEQ/GJ 0,001 0,005 0,002 0,006 0,002 0,002 0,002

Solid Biomass 100 ng I-TEQ/GJ 0,015 0,033 0,031 0,035 0,032 0,051 0,046

ii Commercial and institutional 
mobile machinery ne  

b i Residential     2,364 3,171 2,935 4,381 11,775 25,904 22,563

Hard coal and brown coal 800 ng I-TEQ/GJ 0,627 1,445 0,935 1,970 1,026 1,179 2,108

Liquid fuels 5,9 ng I-TEQ/GJ 0,000 0,000 0,000 0,000 0,000 0,000 0,000

Gaseous fuels 1,5 ng I-TEQ/GJ 0,024 0,027 0,027 0,029 0,029 0,031 0,031

Solid Biomass 800 ng I-TEQ/GJ 1,714 1,698 1,973 2,382 10,721 24,694 20,424

ii
Mobile combustion used in 
residential areas: household and 
gardening mobile machinery

ne  

c i Agriculture/forestry     0,004 0,003 0,002 0,005 0,011 0,013 0,014

Hard coal and brown coal 203 ng I-TEQ/GJ 0,000 0,002 0,000 0,001 0,006 0,008 0,009

Liquid fuels 6 ng I-TEQ/GJ 0,001 0,000 0,000 0,000 0,000 0,000 0,000

Gaseous fuels 0,52 ng I-TEQ/GJ 0,000 0,000 0,000 0,000 0,000 0,000 0,000

Solid Biomass 100 ng I-TEQ/GJ 0,003 0,001 0,001 0,003 0,005 0,005 0,004
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Source categories Emission 
factor Unit

Annual emissions - Air

g-ITEQ/a
2001 2004 2008 2012 2016 2018 2019

ii

Off-road vehicles and other 
machinery used in agriculture/
forestry mobile machinery 
(excluding fishing)

ne  

5 a Other (stationary combustion, 
including military)     0,030 0,012 0,030 0,001 0,046 0,050 0,049

Hard coal and brown coal 203 ng I-TEQ/GJ 0,024 0,009 0,027 0,001 0,046 0,050 0,049

Liquid fuels 6 ng I-TEQ/GJ 0,000 0,000 0,000 0,000 0,000 0,000 0,000

Gaseous fuels 0,52 ng I-TEQ/GJ 0,000 0,000 0,000 0,000 0,000 0,000 0,000

Solid Biomass 100 ng I-TEQ/GJ 0,006 0,003 0,003 0,000 0,000 0,000 0,000

b Non road mobile machinery 
(military) ne  

   

B Fugitive emissions from fuels     0,000 0,000 0,000 0,000 0,000 0,000 0,000

2 a iv Fugitive emissions oil – 
refining/storage 0,0057 µg/Mg crude oil 

input 0,000 0,000 0,000 0,000 0,000 0,000 0,000

c Venting and flaring ne  

   

2 A Mineral products     5,285 5,416 5,114 2,035 1,082 3,037 2,406

1 Cement production 0,05 μg I-TEQ/t 0,016 0,026 0,074 0,042 0,040 0,048 0,049

2 Lime production 10 μg I-TEQ/t 0,383 0,277 0,393 0,209 0,184 0,374 0,372

3 Glass production 0,2 μg I-TEQ/t 0,029 0,035 0,031 0,029 0,033 0,039 0,037

6 Other mineral (Brick and 
Ceramics) 0,02 μg I-TEQ/t 0,003 0,005 0,005 0,003 0,003 0,002 0,003

C 1 Iron and steel production 3 μg I-TEQ/Mg 
steel 5,274 5,415 5,112 2,034 1,056 3,009 2,362

Steel making, EAF 3 μg I-TEQ/Mg 
steel



52

Source categories Emission 
factor Unit

Annual emissions - Air

g-ITEQ/a
2001 2004 2008 2012 2016 2018 2019

Rolling mills ne  

3 Aluminium production ne  
Secondary Aluminium 
production 35 μg-I-TEQ/Mg 

aluminium 0,007 0,000 0,000 0,000 0,025 0,028 0,044

5 Lead production 4,5 μg I-TEQ/Mg 
lead 0,000 0,000 0,000 0,000 0,000 0,000 0,000

D 3 b Road paving with asphalt 0,07 μg I-TEQ/t 0,005 0,016 0,015 0,017 0,015 0,054 0,037

c Asphalt roofing 0,07 μg I-TEQ/t NA 0,000 0,006 0,003 NA NA NA

f Dry cleaning na  

   

i 2 Other product use (Use of 
tobacco) 0,1 μg I-TEQ/Mg 

tobacco 0,003 0,002 0,002 0,001 0,001 0,000 0,000

   

3 F Field burning of agricultural 
residues 0,5 μg I-TEQ/t 0,025 0,001 0,012 0,000 0,001 0,000 0,001

5 A Biological treatment of waste - 
solid waste disposal on land na  

B 2 Biological treatment of waste – 
anaerobic digestion at biogas ne  

facilities    

C 1 a Municipal waste incineration 
(uncontrolled) 40 μg I-TEQ/Mg 

waste 1,872 1,846 1,666 1,502 1,622 1,794 1,755

b iii Clinical waste incineration 
(uncontrolled) 40 mg I-TEQ/Mg 

waste 15,240 24,480 25,400 35,240 18,760 9,920 4,080

2 Open burning of agricultural 
waste 10 μg I-TEQ/Mg 

waste 
D Wastewater handling na  

E Other waste: car fire, house fire ne  

11 B Forest fires 1 μg I-TEQ/t 0,001 0,001 0,001 0,007 0,003 0,000 0,003
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Table 5.2. Emission factors for PCDD F and estimation of releases to water, by source category

Source categories Emission 
factor Unit

Annual releases - Water

g-ITEQ/a

2001 2004 2008 2012 2016 2018 2019

5 A Biological treatment of waste - solid waste disposal 
on land 0,5 µg TEQ/t 0,434 0,521 0,880 0,795 0,909 0,948 1,003

D Wastewater handling 0,2 µg TEQ/t 0,028 0,017 0,023 0,027 0,022 0,028 0,028

Table 5.3. Emission factors for PCDD F and estimation of releases to land, by source category

Source categories Emission 
factor Unit

Annual release - Land

g-ITEQ/a
2001 2004 2008 2012 2016 2018 2019

3 F Field burning of agricultural 
residues 0,05 μg I-TEQ/t 0,002 0,000 0,001 0,000 0,000 0,000 0,000

C 1 a Municipal waste incineration 
(uncontrolled) 1 μg I-TEQ/t 0,047 0,046 0,042 0,038 0,041 0,045 0,044

11 B Forest fires 0,15 μg I-TEQ/t 0,000 0,000 0,000 0,001 0,000 0,000 0,000
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Table 5.4. Emission factors for PCDD F and estimation of releases to residues, by source category

Source categories Notes Emission 
factor Unit

Annual releases - Residue

g-ITEQ/a

2001 2004 2008 2012 2016 2018 2019

1 Energy Sector      
A Combustion      

1 Energy industries       0,001 0,018 0,028 0,006 0,003 0,000 0,000
a Public electricity and heat production       0,001 0,018 0,028 0,006 0,003 0,000 0,000

Hard coal and brown coal
Coal fired 
power 
boilers

14 µg TEQ/TJ 0,001 0,002 0,001 0,006 0,003 0,000 0,000

Biomass (clean wood)
Clean wood 
fired power 
boilers

15 µg TEQ/TJ 0,0E+00 4,5E-05 1,5E-05 0,0E+00 0,0E+00 0,0E+00 0,0E+00

Biomass (straw) Straw fired 
boilers 70 µg TEQ/TJ 0,000 0,016 0,026 0,000 0,000 0,000 0,000

6 Other mineral (Brick and Ceramics)   0,002 μg I-TEQ/t 0,000 0,000 0,000 0,000 0,000 0,000 0,000

C 1 Iron and steel production   15 μg I-TEQ/t 26,372 27,073 25,562 10,169 5,282 15,044 11,812

Secondary Aluminium production   200 μg I-TEQ/t 0,040 0,000 0,000 0,000 0,143 0,159 0,249

f Dry cleaning Heavy 
textiles 3000 μg I-TEQ/t 0,224 0,242 0,297 1,071 0,428 0,705 0,713

Normal 
textiles 50 µg I-TEQ/t 0,004 0,004 0,005 0,018 0,007 0,012 0,012

i 2 Other product use (Use of tobacco) 0,1 µg I-TEQ/t 0,003 0,002 0,002 0,001 0,001 0,000 0,000

3 F Field burning of agricultural residues                    

5 A Biological treatment of waste - solid 
waste disposal on land   50 µg TEQ/t 43,363 52,070 88,021 79,542 90,919 94,786 100,297

b iii Clinical waste incineration 
(uncontrolled)   200 µg I-TEQ/t 0,076 0,122 0,127 0,176 0,094 0,050 0,020

D Wastewater handling   20 µg TEQ/t 0,607 0,374 0,506 0,598 0,492 0,617 0,609
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PCBs

Table 5.5. Emission factors for PCB and estimation of releases to air, by source category 

 Source categories Emission 
factor  Unit

Annual emissions - air
g/a

2001 2004 2008 2012 2016 2018 2019
1 Energy Sector

A Combustion
1 Energy industries 0,001 0,001 0,000 0,001 0,001 0,000 0,000

a Public electricity and heat production 0,001 0,001 0,000 0,001 0,001 0,000 0,000

Hard coal and brown coal 3,3 ng WHO TEG/
GJ 0,000 0,000 0,000 0,001 0,001 0,000 0,000

Biomass 3,5 ng WHO TEG/
GJ 0,001 0,000 0,000 0,000 0,000 0,000 0,000

2 Manufacturing industries and 
construction (combustion) 78,036 89,340 498,222 117,064 274,239 278,728 259,598

a Iron and steel 0,000 0,510 0,510 0,000 0,000 0,000 0,000
Hard coal and brown coal 170 µg/GJ 0,000 0,510 0,510 0,000 0,000 0,000 0,000
Solid Biomass 0,06 µg/GJ 0,000 0,000 0,000 0,000 0,000 0,000 0,000

b Non-ferrous metals NO NO NO NO NO NO NO
Hard coal and brown coal 170 µg/GJ NO NO NO NO NO NO NO
Solid Biomass 0,06 µg/GJ NO NO NO NO NO NO NO

c Chemicals 0,000 0,000 0,000 0,000 0,000 0,000 0,000
Hard coal and brown coal 170 µg/GJ 0,000 0,000 0,000 0,000 0,000 0,000 0,000
Solid Biomass 0,06 µg/GJ 0,000 0,000 0,000 0,000 0,000 0,000 0,000

d Pulp, paper and print 0,000 0,000 0,000 0,000 0,000 0,000 0,170

Hard coal and brown coal 170 µg/GJ 0,000 0,000 0,000 0,000 0,000 0,000 0,170
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 Source categories Emission 
factor  Unit

Annual emissions - air
g/a

2001 2004 2008 2012 2016 2018 2019

Solid Biomass 0,06 µg/GJ 0,000 0,000 0,000 0,000 0,000 0,000 0,000

e Food processing, beverages and 
tobacco 44,881 31,282 13,600 15,980 10,712 10,203 6,461

Hard coal and brown coal 170 µg/GJ 44,880 31,280 13,600 15,980 10,710 10,200 6,460

Solid Biomass 0,06 µg/GJ 0,001 0,002 0,000 0,000 0,002 0,003 0,001

f  Non metallic minerals 33,156 56,527 483,430 100,738 263,017 256,625 252,966

Hard coal and brown coal 170 µg/GJ 0,000 2,380 330,310 14,960 179,690 157,930 151,810

Solid Biomass 0,06 µg/GJ 0,000 0,000 0,000 0,000 0,000 0,000 0,000

i Cement production 103 µg/te clinker 33,156 54,147 153,120 85,778 83,327 98,695 101,156

viii Others 0,000 1,021 0,682 0,345 0,511 11,900 0,000

Hard coal and brown coal 170 µg/GJ 0,000 1,020 0,680 0,340 0,510 11,900 0,000

Solid Biomass 0,06 µg/GJ 0,000 0,001 0,002 0,005 0,001 0,000 0,000

3 Transport 0,003 0,005 0,004 0,003 0,022 0,019 0,017

d Navigation (shipping) 0,003 0,005 0,004 0,003 0,022 0,019 0,017

bunker fuel oil 0,57 mg/tonne fuel 0,000 0,000 0,000 0,000 0,000 0,000 0,000

marine diesel/gas oil 0,038 mg/tonne fuel 0,003 0,005 0,004 0,003 0,022 0,019 0,017

4 Small Combustion 412,733 746,960 473,279 592,142 391,996 429,436 613,732

a i Commercial/institutional 259,429 430,800 251,279 171,211 129,389 128,211 115,457

Hard coal and brown coal 170  µg/GJ 259,420 430,780 251,260 171,190 129,370 128,180 115,430

Liquid fuels 0,13 ng/GJ 0,000 0,000 0,000 0,000 0,000 0,000 0,000

Gaseous fuels na
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 Source categories Emission 
factor  Unit

Annual emissions - air
g/a

2001 2004 2008 2012 2016 2018 2019

Solid Biomass 0,06  µg/GJ 0,009 0,020 0,019 0,021 0,019 0,031 0,027

b i Residential 133,409 307,147 198,878 418,889 218,744 252,432 449,482

Hard coal and brown coal 170  µg/GJ 133,280 307,020 198,730 418,710 217,940 250,580 447,950

Solid Biomass 0,06  µg/GJ 0,129 0,127 0,148 0,179 0,804 1,852 1,532

c i Agriculture/forestry 0,002 1,701 0,341 1,192 4,933 6,803 7,653

Hard coal and brown coal 170  µg/GJ 0,000 1,700 0,340 1,190 4,930 6,800 7,650

Liquid fuels 0,13 ng/GJ 0,000 0,000 0,000 0,000 0,000 0,000 0,000

Solid Biomass 0,06  µg/GJ 0,002 0,001 0,001 0,002 0,003 0,003 0,003

5 a Other (stationary combustion, 
including military) 19,894 7,312 22,782 0,850 38,930 41,990 41,140

Hard coal and brown coal 170  µg/GJ 19,890 7,310 22,780 0,850 38,930 41,990 41,140

Liquid fuels 0,13 ng/GJ 0,000 0,000 0,000 0,000 0,000 0,000 0,000

Solid Biomass 0,06  µg/GJ 0,004 0,002 0,002 0,000 0,000 0,000 0,000

A Mineral products 4402,953 4524,395 4273,045 1712,400 889,720 2512,288 1970,628

2 C 1 Iron and steel production 2,5  mg/Mg steel 4395,333 4512,155 4260,345 1694,780 880,340 2507,328 1968,588

Secondary Aluminium production 40 µg TEQ/t 0,008 0,000 0,000 0,000 0,029 0,032 0,050

5 Lead production 2 μg/Mg lead 0,000 0,000 0,000 0,000 0,000 0,000 0,000

3 F Field burning of agricultural residues 0,05 µg TEQ/t 0,002 0,000 0,001 0,000 0,000 0,000 0,000

C 1 a Municipal waste incineration 
(uncontrolled) 2 μg/Mg waste 0,094 0,092 0,083 0,075 0,081 0,090 0,088

1 b iii Clinical waste incineration 
(uncontrolled) 0,02 g/Mg waste 7,620 12,240 12,700 17,620 9,380 4,960 2,040
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Table 5.6. Emission factors for PCB and estimation of releases to water, by source category

 Source categories Emission 
factor  Unit

Annual releases - water
g/a

2001 2004 2008 2012 2016 2018 2019

3 F Field burning of agricultural residues 0,01 µg TEQ/t 0,00049 0,000021 0,00023 0,00001 0,00002 0,00001 0,00002

HCB

Table 5.7. Emission factors for PCB and estimation of releases to water, by source category

 Source categories Emission 
factor Unit

Annual emission – Air 
g/a

2001 2004 2008 2012 2016 2018 2019
1 Energy Sector

A Combustion
1 Energy industries 1,325 0,998 0,668 2,745 1,403 0,254 0,177

a Public electricity and heat production 1,325 0,998 0,668 2,745 1,403 0,254 0,177
Hard coal and brown coal 6,7 µg/GJ 0,590 0,918 0,663 2,740 1,293 0,094 0,127
Biomass 5  µg/GJ 0,735 0,080 0,005 0,005 0,110 0,160 0,050

2 Manufacturing industries and 
construction (combustion) 1,704 2,812 8,262 4,440 4,603 5,369 5,196

a Iron and steel 0,000 0,002 0,002 0,000 0,000 0,000 0,000
Hard coal and brown coal 0,62  µg/GJ 0,000 0,002 0,002 0,000 0,000 0,000 0,000
Solid Biomass 5  µg/GJ 0,000 0,000 0,000 0,000 0,000 0,000 0,000

b Non-ferrous metals NO NO NO NO NO NO NO
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Hard coal and brown coal 0,62  µg/GJ NO NO NO NO NO NO NO
Solid Biomass 5  µg/GJ NO NO NO NO NO NO NO

c Chemicals 0,000 0,000 0,000 0,000 0,000 0,015 0,010
Hard coal and brown coal 0,62  µg/GJ 0,000 0,000 0,000 0,000 0,000 0,000 0,000
Solid Biomass 5  µg/GJ 0,000 0,000 0,000 0,000 0,000 0,015 0,010

d Pulp, paper and print 0,000 0,000 0,000 0,000 0,000 0,020 0,001

Hard coal and brown coal 0,62  µg/GJ 0,000 0,000 0,000 0,000 0,000 0,000 0,001

Solid Biomass 5  µg/GJ 0,000 0,000 0,000 0,000 0,000 0,020 0,000

e Food processing, beverages and 
tobacco 0,224 0,314 0,075 0,098 0,179 0,282 0,099

Hard coal and brown coal 0,62  µg/GJ 0,164 0,114 0,050 0,058 0,039 0,037 0,024

Solid Biomass 5  µg/GJ 0,060 0,200 0,025 0,040 0,140 0,245 0,075

f  Non metallic minerals 1,481 2,427 8,053 3,885 4,377 4,989 5,076

Hard coal and brown coal 0,62  µg/GJ 0,000 0,009 1,205 0,055 0,655 0,576 0,554

Solid Biomass 5  µg/GJ 0,000 0,000 0,010 0,000 0,000 0,005 0,005

i Cement production 4,6 µg/te 
clinker 1,481 2,418 6,838 3,831 3,721 4,408 4,518

viii Others 0,000 0,069 0,132 0,456 0,047 0,063 0,010

Hard coal and brown coal 0,62  µg/GJ 0,000 0,004 0,002 0,001 0,002 0,043 0,000

Solid Biomass 5  µg/GJ 0,000 0,065 0,130 0,455 0,045 0,020 0,010

3 Transport 0,005 0,011 0,009 0,007 0,046 0,040 0,035

d Navigation (shipping) 0,005 0,011 0,009 0,007 0,046 0,040 0,035

bunker fuel oil 0,14 mg/tonne 
fuel 0,000 0,000 0,000 0,000 0,000 0,000 0,000

marine diesel/gas oil 0,08 mg/tonne 
fuel 0,005 0,011 0,009 0,007 0,046 0,040 0,035

4 Small Combustion 13,508 15,238 15,855 18,972 70,293 158,710 132,399



60

a i Commercial/institutional 1,741 3,279 2,521 2,381 2,092 3,022 2,717

Hard coal and brown coal 0,62  µg/GJ 0,946 1,571 0,916 0,624 0,472 0,467 0,421

Liquid fuels 0,22  µg/GJ 0,064 0,038 0,040 0,007 0,016 0,005 0,006

Solid Biomass 5  µg/GJ 0,730 1,670 1,565 1,750 1,605 2,550 2,290

b i Residential 11,196 11,735 13,055 16,412 67,800 155,254 129,284

Hard coal and brown coal 0,62  µg/GJ 0,486 1,120 0,725 1,527 0,795 0,914 1,634

Solid Biomass 5  µg/GJ 10,710 10,615 12,330 14,885 67,005 154,340 127,650

c i Agriculture/forestry 0,190 0,061 0,057 0,169 0,258 0,280 0,249

Hard coal and brown coal 0,62  µg/GJ 0,000 0,006 0,001 0,004 0,018 0,025 0,028

Liquid fuels 0,22  µg/GJ 0,045 0,005 0,000 0,000 0,000 0,000 0,001

Solid Biomass 5  µg/GJ 0,145 0,050 0,055 0,165 0,240 0,255 0,220

5 a Other (stationary combustion, 
including military) 0,381 0,163 0,222 0,009 0,142 0,153 0,150

Hard coal and brown coal 0,62  µg/GJ 0,073 0,027 0,083 0,003 0,142 0,153 0,150

Liquid fuels 0,22  µg/GJ 0,013 0,002 0,004 0,001 0,000 0,000 0,000

Solid Biomass 5  µg/GJ 0,295 0,135 0,135 0,005 0,000 0,000 0,000

2 C 1 Iron and steel production 2,5 mg/t steel 4395,333 4512,155 4260,345 1694,780 880,340 2507,328 1968,588

Secondary Aluminium production 0,5 mg/t 
aluminium 0,100 0,000 0,000 0,000 0,358 0,397 0,624

5 Lead production 1000 µg/t 0,017 0,000 0,000 0,000 0,000 0,000 0,000

1 b iii Clinical waste incineration 
(uncontrolled) 0,1 g/Mg waste 38,100 61,200 63,500 88,100 46,900 24,800 10,200
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Annex 6. 
Format for reporting of uPOPs in accordance with the Art. 7 and 15 of 
the Stockholm Convention  

Dioxins/Furans

Source group Inventory, (g 
TEQ/y)

Waste incineration

Year Air Water Land Product Residue

Before 2001 NE ND NA NA NE

2019 4.08 ND NA NA 0.0204

2018 9.92 ND NA NA 0.0496

2016 18.76 ND NA NA 0.0938

2012 35.24 ND NA NA 0.1762

2008 25.4 ND NA NA 0.127

2004 24.48 ND NA NA 0.1224

2001 15.24 ND NA NA 0.0762

Ferrous and non-
ferrous metal 
production

Year Air Water Land Product Residue

Before 2001 NE NE/ND/NA ND/NA ND/NA NE

2019 2.405957 NE/ND/NA ND/NA ND/NA 12.06097

2018 3.036569 NE/ND/NA ND/NA ND/NA 15.20269

2016 1.081465 NE/ND/NA ND/NA ND/NA 5.42522

2012 2.033736 NE/ND/NA ND/NA ND/NA 10.16868

2008 5.112414 NE/ND/NA ND/NA ND/NA 25.56207

2004 5.414586 NE/ND/NA ND/NA ND/NA 27.07293

2001 5.28142 NE/ND/NA ND/NA ND/NA 26.41212

Heat and power 
generation

Year Air Water Land Product Residue

Before 2001 NE ND ND/NA NA NE

2019 23.03912 ND ND/NA NA 0.000266

2018 26.43282 ND ND/NA NA 0.000196

2016 12.29342 ND ND/NA NA 0.002702

2012 4.722724 ND ND/NA NA 0.005936

2008 3.771335 ND ND/NA NA 0.027511

2004 3.832898 ND ND/NA NA 0.017783

2001 2.82467 ND ND/NA NA 0.001232
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Production of mineral 
products

Year Air Water Land Product Residue

Before 2001 NE ND/NA NA ND NE

2019 0.496723 ND/NA NA ND 0.00027

2018 0.517844 ND/NA NA ND 0.00024

2016 0.275236 ND/NA NA ND 0.000262

2012 0.302537 ND/NA NA ND 0.000273

2008 0.523958 ND/NA NA ND 0.000467

2004 0.359362 ND/NA NA ND 0.000468

2001 0.436525 ND/NA NA ND 0.000302

Transportation

Year Air Water Land Product Residue

Before 2001 NE NA NA NA ND/NA

2019 0.282 NA NA NA ND/NA

2018 0.357 NA NA NA ND/NA

2016 0.433 NA NA NA ND/NA

2012 0.103 NA NA NA ND/NA

2008 0.146 NA NA NA ND/NA

2004 0.21 NA NA NA ND/NA

2001 0.462 NA NA NA ND/NA

Open burning 
processes

Year Air Water Land Product Residue

Before 2001 NE ND NE NA NA

2019 1.758916 ND 0.045987 NA NA

2018 1.794164 ND 0.044924 NA NA

2016 1.626488 ND 0.041132 NA NA

2012 1.509015 ND 0.038614 NA NA

2008 1.678094 ND 0.042913 NA NA

2004 1.848505 ND 0.046444 NA NA

2001 1.897678 ND 0.049381 NA NA

Production of 
chemicals and 
consumer goods

Year Air Water Land Product Residue

Before 2001 NE ND ND/NA ND/NA ND

2019 0.00003 ND ND/NA ND/NA ND

2018 0.00007 ND ND/NA ND/NA ND

2016 0.00010 ND ND/NA ND/NA ND

2012 0.00006 ND ND/NA ND/NA ND

2008 0.00009 ND ND/NA ND/NA ND

2004 0.00005 ND ND/NA ND/NA ND

2001 0 ND ND/NA ND/NA ND
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Waste disposal

Year Air Water Land Product Residue

Before 2001 ND/NA NE ND/NA ND/NA NE

2019 ND/NA 1.031145 ND/NA ND/NA 100.9052

2018 ND/NA 0.975915 ND/NA ND/NA 95.40282

2016 ND/NA 0.931565 ND/NA ND/NA 91.41086

2012 ND/NA 0.822595 ND/NA ND/NA 80.13946

2008 ND/NA 0.903205 ND/NA ND/NA 88.5265

2004 ND/NA 0.5377 ND/NA ND/NA 52.444

2001 ND/NA 0.46123 ND/NA ND/NA 43.9702

Miscellaneous

Year Air Water Land Product Residue

Before 2001 NE NA ND/NA ND/NA NE

2019 0.000265 NA ND/NA ND/NA 0.72464

2018 0.000458 NA ND/NA ND/NA 0.717208

2016 0.000782 NA ND/NA ND/NA 0.435407

2012 0.001467 NA ND/NA ND/NA 1.090317

2008 0.001579 NA ND/NA ND/NA 0.303529

2004 0.001813 NA ND/NA ND/NA 0.247338

2001 0.003307 NA ND/NA ND/NA 0.230532

NE – not estimated 
NA - the vector is not expected.
ND - presently there is no suitable emission factor available. This means that this vector can be 
of importance but presently, releases along this vector cannot be calculated.

PCBs

Source group Inventory, (kg/y)

Waste 
incineration 

 

Year Air Water Land Product Residue

Before 2001 NE ND NA NA ND

2019 0.00204000 ND NA NA ND

2018 0.00496000 ND NA NA ND

2016 0.00938000 ND NA NA ND

2012 0.01762000 ND NA NA ND

2008 0.01270000 ND NA NA ND

2004 0.01224000 ND NA NA ND

2001 0.00762000 ND NA NA ND
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Ferrous 
and non-
ferrous metal 
production

Year Air Water Land Product Residue

Before 2001 NE ND NA NA/ND ND

2019 1.96863739 ND NA NA/ND ND

2018 2.50735924 ND NA NA/ND ND

2016 0.88036864 ND NA NA/ND ND

2012 1.69478000 ND NA NA/ND ND

2008 4.26034500 ND NA NA/ND ND

2004 4.51215500 ND NA NA/ND ND

2001 4.39534056 ND NA NA/ND ND

Heat and power 
generation

Year Air Water Land Product Residue

Before 2001 NE ND NA NA ND

2019 0.87332942 ND NA NA ND

2018 0.70816400 ND NA NA ND

2016 0.66623542 ND NA NA ND

2012 0.70920600 ND NA NA ND

2008 0.97150080 ND NA NA ND

2004 0.83629992 ND NA NA ND

2001 0.49076982 ND NA NA ND

Production 
of mineral 
products

Year Air Water Land Product Residue

Before 2001 ND/NA ND/NA ND/NA ND/NA ND/NA

2019 ND/NA ND/NA ND/NA ND/NA ND/NA

2018 ND/NA ND/NA ND/NA ND/NA ND/NA

2016 ND/NA ND/NA ND/NA ND/NA ND/NA

2012 ND/NA ND/NA ND/NA ND/NA ND/NA

2008 ND/NA ND/NA ND/NA ND/NA ND/NA

2004 ND/NA ND/NA ND/NA ND/NA ND/NA

2001 ND/NA ND/NA ND/NA ND/NA ND/NA
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Transportation

Year Air Water Land Product Residue

Before 2001 NE NA NA NA ND/NA

2019 0.00001680 NA NA NA ND/NA

2018 0.00001885 NA NA NA ND/NA

2016 0.00002193 NA NA NA ND/NA

2012 0.00000315 NA NA NA ND/NA

2008 0.00000414 NA NA NA ND/NA

2004 0.00000536 NA NA NA ND/NA

2001 0.00000251 NA NA NA ND/NA

Open burning 
processes

Year Air Water Land Product Residue

Before 2001 NE ND NE NA NA

2019 0.00008786 ND 0.00000002 NA NA

2018 0.00008972 ND 0.00000001 NA NA

2016 0.00008120 ND 0.00000002 NA NA

2012 0.00007512 ND 0.00000001 NA NA

2008 0.00008444 ND 0.00000023 NA NA

2004 0.00009242 ND 0.00000002 NA NA

2001 0.00009607 ND 0.00000049 NA NA

Production 
of chemicals 
and consumer 
goods

Year Air Water Land Product Residue

Before 2001 ND/NA ND/NA ND/NA ND/NA ND/NA

2019 ND/NA ND/NA ND/NA ND/NA ND/NA

2018 ND/NA ND/NA ND/NA ND/NA ND/NA

2016 ND/NA ND/NA ND/NA ND/NA ND/NA

2012 ND/NA ND/NA ND/NA ND/NA ND/NA

2008 ND/NA ND/NA ND/NA ND/NA ND/NA

2004 ND/NA ND/NA ND/NA ND/NA ND/NA

2001 ND/NA ND/NA ND/NA ND/NA ND/NA
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Waste disposal

Year Air Water Land Product Residue

Before 2001 ND/NA ND/NA ND/NA ND/NA ND/NA

2019 ND/NA ND/NA ND/NA ND/NA ND/NA

2018 ND/NA ND/NA ND/NA ND/NA ND/NA

2016 ND/NA ND/NA ND/NA ND/NA ND/NA

2012 ND/NA ND/NA ND/NA ND/NA ND/NA

2008 ND/NA ND/NA ND/NA ND/NA ND/NA

2004 ND/NA ND/NA ND/NA ND/NA ND/NA

2001 ND/NA ND/NA ND/NA ND/NA ND/NA

Miscellaneous

Year Air Water Land Product Residue

Before 2001 ND/NA ND/NA ND/NA ND/NA ND/NA

2019 ND/NA ND/NA ND/NA ND/NA ND/NA

2018 ND/NA ND/NA ND/NA ND/NA ND/NA

2016 ND/NA ND/NA ND/NA ND/NA ND/NA

2012 ND/NA ND/NA ND/NA ND/NA ND/NA

2008 ND/NA ND/NA ND/NA ND/NA ND/NA

2004 ND/NA ND/NA ND/NA ND/NA ND/NA

2001 ND/NA ND/NA ND/NA ND/NA ND/NA

HCB

Source group Inventory, (kg/y)

Waste incineration

Year Air Water Land Product Residue
Before 2001 NE ND NA NA ND

2019 0.0102 ND NA NA ND
2018 0.0248 ND NA NA ND
2016 0.0469 ND NA NA ND
2012 0.0881 ND NA NA ND
2008 0.0635 ND NA NA ND
2004 0.0612 ND NA NA ND
2001 0.0381 ND NA NA ND
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Ferrous and non-
ferrous metal 
production

Year Air Water Land Product Residue
Before 2001 NE ND NA NA/ND ND

2019 1.9692 ND NA NA/ND ND
2018 2.5077 ND NA NA/ND ND
2016 0.8807 ND NA NA/ND ND
2012 1.6948 ND NA NA/ND ND
2008 4.2603 ND NA NA/ND ND
2004 4.5122 ND NA NA/ND ND
2001 4.3954 ND NA NA/ND ND

Heat and power 
generation

Year Air Water Land Product Residue
Before 2001 NE ND NA NA ND

2019 0.1378 ND NA NA ND
2018 0.1643 ND NA NA ND
2016 0.0763 ND NA NA ND
2012 0.0262 ND NA NA ND
2008 0.0248 ND NA NA ND
2004 0.0190 ND NA NA ND
2001 0.0165 ND NA NA ND

Production of 
mineral products

Year Air Water Land Product Residue
Before 2001 ND/NA ND/NA ND/NA ND/NA ND/NA

2019 ND/NA ND/NA ND/NA ND/NA ND/NA
2018 ND/NA ND/NA ND/NA ND/NA ND/NA
2016 ND/NA ND/NA ND/NA ND/NA ND/NA
2012 ND/NA ND/NA ND/NA ND/NA ND/NA
2008 ND/NA ND/NA ND/NA ND/NA ND/NA
2004 ND/NA ND/NA ND/NA ND/NA ND/NA
2001 ND/NA ND/NA ND/NA ND/NA ND/NA

Transportation

Year Air Water Land Product Residue
Before 2001 NE NA NA NA ND/NA

2019 0.00000004 NA NA NA ND/NA
2018 0.00000004 NA NA NA ND/NA
2016 0.00000005 NA NA NA ND/NA
2012 0.00000001 NA NA NA ND/NA
2008 0.00000001 NA NA NA ND/NA
2004 0.00000001 NA NA NA ND/NA
2001 0.00000001 NA NA NA ND/NA

Open burning 
processes

Year Air Water Land Product Residue
Before 2001 ND/NA ND/NA ND/NA ND/NA ND/NA

2019 ND/NA ND/NA ND/NA ND/NA ND/NA
2018 ND/NA ND/NA ND/NA ND/NA ND/NA
2016 ND/NA ND/NA ND/NA ND/NA ND/NA
2012 ND/NA ND/NA ND/NA ND/NA ND/NA
2008 ND/NA ND/NA ND/NA ND/NA ND/NA
2004 ND/NA ND/NA ND/NA ND/NA ND/NA
2001 ND/NA ND/NA ND/NA ND/NA ND/NA
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Production of 
chemicals and 
consumer goods

Year Air Water Land Product Residue
Before 2001 ND/NA ND/NA ND/NA ND/NA ND/NA

2019 ND/NA ND/NA ND/NA ND/NA ND/NA
2018 ND/NA ND/NA ND/NA ND/NA ND/NA
2016 ND/NA ND/NA ND/NA ND/NA ND/NA
2012 ND/NA ND/NA ND/NA ND/NA ND/NA
2008 ND/NA ND/NA ND/NA ND/NA ND/NA
2004 ND/NA ND/NA ND/NA ND/NA ND/NA
2001 ND/NA ND/NA ND/NA ND/NA ND/NA

Waste disposal

Year Air Water Land Product Residue
Before 2001 ND/NA ND/NA ND/NA ND/NA ND/NA

2019 ND/NA ND/NA ND/NA ND/NA ND/NA
2018 ND/NA ND/NA ND/NA ND/NA ND/NA
2016 ND/NA ND/NA ND/NA ND/NA ND/NA
2012 ND/NA ND/NA ND/NA ND/NA ND/NA
2008 ND/NA ND/NA ND/NA ND/NA ND/NA
2004 ND/NA ND/NA ND/NA ND/NA ND/NA
2001 ND/NA ND/NA ND/NA ND/NA ND/NA

Miscellaneous

Year Air Water Land Product Residue
Before 2001 ND/NA ND/NA ND/NA ND/NA ND/NA

2019 ND/NA ND/NA ND/NA ND/NA ND/NA
2018 ND/NA ND/NA ND/NA ND/NA ND/NA
2016 ND/NA ND/NA ND/NA ND/NA ND/NA
2012 ND/NA ND/NA ND/NA ND/NA ND/NA
2008 ND/NA ND/NA ND/NA ND/NA ND/NA
2004 ND/NA ND/NA ND/NA ND/NA ND/NA
2001 ND/NA ND/NA ND/NA ND/NA ND/NA
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