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ABSTRACT
The environmental legislation in Ukraine is changing rapidly. These changes are related to the adaptation of Ukrainian laws to the requirements of the European Union. In this regard, the paper considers the unintentional production of Persistent Organic Pollutants (POPs) in the Odessa Industrial-and-Urban Agglomeration (next – Odessa
agglomeration) in the context of new regulatory and legal requirements of Ukraine. In many countries around the
world, the issue of pollution of environmental components by POPs has a large focus, because POPs pose a global
threat to the environment and human health. The work aims to assess the main sources of unintentional production
of POPs in the Odessa agglomeration during one year (2017), taking into account the new territorial features of the
Odessa agglomeration. For the first time for Odessa agglomeration, the mass of POPs formed by main sources using the newest European methodological approach was calculated, sources of unintentional production of POPs on
volumes of these substances were ranked, and their total mass of generation on the territory of Odessa agglomeration was calculated. The number of POPs molecules equivalent to 2,3,7,8-TСDD, which infiltrate into the air basin
of the Odessa agglomeration, hence into the organisms of the agglomeration inhabitants, was calculated. The obtained results were compared with the allowable number per capita of the agglomeration, the relevant conclusions
were drawn. Priority sources of unintentional production of POPs were identified, which allows taking appropriate
preventive measures to reduce the scale of their generation.
Keywords: persistent organic pollutants, generation, pollution sources, emission factor.

INTRODUCTION
Real-time monitoring of air pollution [Chugai
et al., 2020] and surface watercourses [Odnorih
et al., 2020; Sakalova et al., 2019] and scientifically grounded analysis of the data of this monitoring is a prerequisite for developing a strategy
of management and technical measures to ensure
environmental safety territories. To a large extent,
this applies to the Odessa Industrial-and-Urban
Agglomeration (next – Odessa agglomeration).
The Odessa agglomeration is a strategically
important part of Ukraine, its first and oldest
historically formed agglomeration. For a long
time, the Odessa agglomeration was defined as
a subregion of the Odessa region, also called

“Greater Odessa Area”, delineated by the administrative boundaries of the cities of regional
importance (Odessa, Chernomorsk, Teplodar
and Yuzhne) and three districts of Odessa region (Bilyaevsky, Kominternovsky and Ovidiopolsky) [Pletos, 2017]. However, according
to the changes in the Ukrainian legislation
[Ukrainian Ministry, 2019], the definition and
territorial boundaries of the Odessa agglomeration was changed. Since 2019, the term “agglomeration” is defined as an “area with a population of over 250 thousand people, which is
separately identified for the purposes monitoring and managing air quality”. Thus, in accordance with the requirements of the updated legislation of Ukraine, the Odessa agglomeration
21
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Figure 1. Map of the study region

is limited to the territory of Odessa, which is
taken into account in this work. A fragment of
the map of the Odessa region, where the Odessa
agglomeration is located, is shown in Figure 1.
This approach is strategically important in the
context of dynamic changes in Ukrainian legislation in the field of air quality monitoring and
adaptation of methodological framework of air
monitoring to European legislation. In the European Union, significant research is devoted to
the environmental pollution by Persistent Organic
Pollutants (POPs) [Akhtar et al., 2021; Jeno et al.,
2021; Gusev et al., 2015; Xu et al., 2013].
It is known that POPs pose a serious global
threat to the environment and human health
[IARC, 2012]. Usually, when considering POPs,
the most dangerous of the representatives of
these substances are mentioned – 2,3,7,8-tetrapara-dibenzo-p-dioxin (or 2,3,7,8-TCDD), which
according to the modern investigation of «International Agency for Research on Cancer» refers
to Group 1 – substances that are carcinogenic to
humans [IARC, 2020].
Despite the large variety of POPs, they all
have common properties, such as resistance to
decomposition, extreme toxicity even at very low
concentrations, abilities to bioaccumulate, transboundary transfer and deposition [VanEtten S.L.
et al., 2020; Treger, 2011].
The main international legal act establishing
the norms on the environmental protection and
population health from the effects of POPs is the
Stockholm Convention, which was adopted on
May 22, 2001 and ratified in Ukraine in 2007.
According to this convention, all POPs can be
22

divided into 2 groups: 1) obtained intentionally –
for direct use (pesticides, industrial products); 2)
produced unintentionally (fuel combustion products, by-products of technological processes, etc.).
Unfortunately, in Ukraine there is no separate
legislation base for POPs. All norms and rules
regulating the formation of these pollutants are
included in a large number of legislative acts,
which does not allow systematizing and specifying actions in the field of POPs management. At
the same time, it should be noted that in Ukraine
there is no POPs monitoring system, as well as
any systematic and accessible statistical information, which makes it impossible to calculate POPs
formation from some sources.
The aim of the work was to assess the main
sources of unintentional production of POPs in the
Odessa agglomeration during 2017, since the statistical information for this period is the most available in the public access at the time of the study.

MATERIALS AND METHODS
The work considers the problem of unintentional production of POPs in the Odessa agglomeration during a separate year (2017). For the first
time, the main sources and volumes of unintentional production of POPs in Odessa agglomeration were established in accordance with the new
normative-legislative documents of Ukraine. It
should be noted that the study was conducted taking into account the new requirements of atmospheric monitoring and the new territorial boundaries of the Odessa agglomeration.

aterials
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Throughout the course of the study, it was
discovered that the main sources of unintentional
production of POPs in the Odessa agglomeration
are combustion of organic fuel by stationary and
mobile sources, production of building materials,
functioning of crematoria, smoking of tobacco
products, waste deposits and functioning of municipal wastewater treatment plants. Unfortunately, due to the lack of source data, it is impossible to calculate the formation of POPs for the
combustion of organic fuel by stationary sources.
Significant, not yet evaluated POPs are released
as a result of biodegradation of blue-green algae,
the rapid uncontrolled development of which is
observed under the conditions of surface water
pollution by phosphorus and nitrogen compounds
and general warming of these reservoirs as a result of climate change [Nykyforov et al., 2016;
Malovanyy et al., 2016].
The latest European methods in updated versions were used to calculate the unintentional
production of POPs in the Odessa agglomeration
[EMEP/EEA, 2019; UNEP, 2013]. Typically, one
of these methods is used for POPs emission inventorization, but the authors of this paper used
the emission factors presented in both methods to
obtain more complete results.
The emission factor is an experimentally established numerical characteristic of a specific
source of unintentional production of POPs,
which shows the mass of formation of these substances per unit mass of raw materials used in the
process or manufactured products. Unintentional
production of POPs using these coefficients is
calculated by the formula:

The method [EMEP/EEA, 2019] provides for
the calculation of a wide range of pollutants being
the only possible way to calculate the formation
of not only such POPs as polychlorinated dibenzon-dioxins (PCDD) and polychlorinated dibenzofurans (PCDF), but also polychlorinated biphenyls
(PCBs) and hexachlorobenzene HCB. The disadvantage of this method is the lack of emission
factors for most types of industries, which makes
the sole use of this method ineffective for a comprehensive assessment of unintentional production
of POPs within the agglomeration. Moreover, the
method allows calculating only the emission of
POPs into the air basin, without taking into account
their distribution in other natural environments.
Method [UNEP, 2013] allows calculating
the formation of only PCDD + PCDF (next –
PCDD/F). Especially for some of the industries,
the coefficients that allow taking into account the
redistribution of PCDD/F in the environments are
presented in this method that helps to estimate the
degree of negative influence more precisely. Unfortunately, in the considered case, the complete
redistribution in natural environments was calculated only for the production of bricks and asphalt.
Moreover, a characteristic feature of the
methods used involves the units of measurement
of POPs in the calculation results. The result using the method [EMEP/EEA, 2019] is obtained
in g, whereas according to the method [UNEP,
2013] it is retrieved in the mass of the pollutant
in g of the toxicological equivalent of PCDD/F,
(TEQ PCDD/F), which are not the same units.
Toxicological (dioxin) equivalent is a value
that expresses the cumulative toxicity of commixtures
PCDD/F due to the toxicity of
ЕPOPs = Мmaterials ∙ EFpollutant or ЕPOPs = plex
Мproducts
∙ EFofpollutant
2,3,7,8-TCDD. This unit of measurement is used
(1)
∙ EFpollutant or ЕPOPs = Мproducts ∙ EFpollutant
to facilitate the procedure of estimating the concentrations of substances in this group.
where: ЕPOPs – emissions of POPs in unit mass;
This is why the conversion of the results to the
Мproduct – mass of products (the techone
unit of the measurement is a matter of huge
nological process of their production inimportance. According to [Shelepchikov, 2010],
volves the unintentional production of
the toxicity of any mixture of PCDD/F can be exPOPs); Мmaterial – mass of raw materials,
pressed through the toxicity of 2,3,7,8-TCDD, takthe technological process of production of
en in an equivalent toxicity. Thus, all the results of
which involves the unintentional producPCDD/F calculations can be converted into g TEQ
tion of POPs; EFpollutant – emission fac2,3,7,8-TСDD (or g TEQ). Coefficient 1 is used to
tor of pollutant.
convert r TEQ PCDD/F to TEQ 2,3,7,8-TCDD.
In addition, using the information given in
The analysis of calculation methods showed
[NAS, 2004], with some error, g PCB can be conthat, unfortunately, even the use of two methods
verted to g TEQ TE through the most commonly
of POPs calculation does not allow fully assessused TEQ for PCB, which is equal to 0.0005.
ing the specifics of the formation and environSimilarly, using the value of the coefficient 0.0001
mental release of these pollutants.
23
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given in [NAS, 2004], the value of g HCB can be
converted into the value of g TEQ.
Thus, all the results obtained are presented in one unit of measurement, which allowed
fully using both methods to obtain a more complete picture of the input of unintentionally produced POPs into the environment of the Odessa
agglomeration.

RESULTS AND DISCUSSION
Unintentional production of POPs during
combustion of organic fuel by mobile sources
The emission of unintentionally produced
POPs in the combustion products of organic fuel
in the Odessa agglomeration should be considered from two types of man-made sources: stationary and mobile. Due to incomplete statistical
information, the calculation was performed only
for mobile sources. The emissions from mobile
sources included the formation of POPs during
the combustion of gasoline and diesel fuel.
Same as in all combustion processes, POPs
are formed after the end of the process of combustion and cooling of stack gases. That is why
the emissions of dioxins and furans largely depend on the cooling conditions of flue gases and
stack gases. Residual soot particulates, as well as
chlorine contained in the coal, recombine in the
presence of metal chlorides as catalysts with the
formation of POPs. The main routes of entry into
the environment are emissions into the air basin,
especially as part of fly ash.
On the basis of the information sources
[EMEP/EEA, 2019; UNEP, 2013; Head of Department of Statistics in the Odessa region, 2017;
Kopytov, 2012; Conversion calculator, 2021], the
gross unintentional emissions of POPs from mobile sources of the Odessa agglomeration in 2017
were calculated using the appropriate volumes of
fuel. According to the results of the calculation,
the formation of POPs for mobile sources was
0.22 g TEQ (Table 1).
The reason for performing calculations for
only one pollutant is that the calculation method
[UNEP, 2013] allows determining only the unintentional production of PCDD/F.
24

Unintentional production of POPs in
the production of building materials
Brick production
According to [UNEP, 2013], throughout the
process of bricks production, POPs enter the environment in three directions: 1) emission into
the air as part of the gas-air mixture; 2) output
along with the products; 3) emissions from waste
as carriers of POPs. Each of these directions has
its own emission factor (EF).
On the basis of [Dukat LV, 2021; LLC “Stroykeramika”, 2021; GreenВud, 2021], it was established that 18 million units of conventional bricks
were produced in the Odessa agglomeration in
2017, which is 63,000 tons in terms of weight.
Using the method [Ministry of Environmental Protection and Natural Resources of the
Republic of Tatarstan, 1997], the mass of brick
production residue (scrap brick) was calculated
according to the formula:

𝑀𝑀𝑀𝑀𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = 𝐵𝐵𝐵𝐵 ∙ Πу𝑖𝑖𝑖𝑖

(2)

where: Мwaste – the amount of scrap brick generated during production; Пуi – specific
quantity factor of waste, generated by 1
million bricks (for firing bricks, this figure is 76,000 kg per 1 million bricks).
On the basis of the above, the formation of
PCDD/F in 2017 in three directions was calculated. Thus, as part of the gas-air mixture the
environment achieves PCDD/F – 0.013 g TEQ,
PCDD/F in the product – 3.78∙10-3 g TEQ,
PCDD/F in the scrap brick – 0.27∙10-4 g TEQ (see
Table 1). The obtained calculations illustrate that
the largest amount of PCDD/F enters the air basin
as part of the gas-air mixture and is distributed in
the air. Moreover, a significant amount of POPs
is released into the environment as part of manufactured products, which could have a negative
impact on the health of the urban population. At
the same time, a part of the PCDD/F enters the
ground cover as part of the scrap brick and has a
concentrated action in space.
Cement production
The only producer of cement in the Odessa
agglomeration is the Odessa Cement Plant, the
annual production of which is 550 000 tons per
year [Odessa Cement Plant, 2021].
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Table 1. Unintentional production of Persistent Organic Pollutants in the Odessa Industrial-And-Urban
Agglomeration in 2017
Source
Name

Production of POPs (with direction)

Number

Units

PCB

HCB

Air

Air

PCDD/F.
Air

Product

Balance

Units

Combustion of organic fuel (mobile sources)
Gasoline

136400

TFOE

-

-

0.210

-

-

g TEQ

Diesel fuel

150500

TFOE

-

-

0.010

-

-

g TEQ

Brick

63000

103 t

-

-

0.013

3.78*10-3

0.27*10-4

g TEQ

Cement

550000

t

56.65

2.53

2.3

-

-

g

Asphalt

1017.3

103 t

-

-

0.101

-

-

g TEQ

-

0.34

33.71

g TEQ

0.12*10-3

-

-

g TEQ

-

0.12*10-3

g TEQ

Production of building materials

Waste deposits
Municipal
Solid Waste

674100

t

-

-

Functioning of crematoria
Number of
cremated

3900

Cigarettes

1113*10

people

1.59

0.59

Smoking tobacco products
6

cigarettes

-

-

0.12*10-3

Functioning of municipal sewage treatment plants
Treated SW

83.2

bln, dm3

-

-

-

0.832

1.116

g TEQ

Untreated SW

10.3

bln, dm3

-

-

-

0.052

0

g TEQ

In cement production, the technological process causing POPs formation is clinker burning due
to the high-temperature behavior of the operation.
Using the methods [EMEP/EEA, 2019; UNEP,
2013], the formation of POPs in cement production was determined, which was: PCB – 56.56 g,
HCB – 2.53 g and PCDD/F – 2.75 g (see Table 1).
It should be noted that throughout the process
of cement production POPs input only into the air
basin, which is taken into account in calculation.
Asphalt production
The industrial site of the asphalt plant, as a rule,
includes a section for the preparation of organic
binder and asphalt concrete, a section for the preparation of mineral materials and boilerhouse. Most
often at the same place is a section for the preparation of road bituminous binder from raw materials
(tar), bitumen emulsions, fortified soils, brick crushing-and-sorting plants [Kapushko, 2012].
The production of asphalt concrete can be
considered conditionally waste-free, as the dust
in asphalt concrete production can be completely
reused [The Ministry of Environmental Protection of the Republic of Kazakhstan, 2008]. That is
why the formed POPs in the production of asphalt
are contained only in the gas-air mixture.

On the basis of the official data provided to
us [Head of the Department of Statistics in the
Odessa region, 2017], the production of asphalt in
the Odessa agglomeration in 2017 was estimated,
which amounted to 1017.3 thousand tons. Using
[UNEP, 2013], the production of PCDD/F was
determined, which amounted to 0.101 g TEQ.
Thus, the total amount of POPs that enters the
environment from building production is 2.864 g
TEQ – PCDD/F, 56.65 g – PCB and 2.53 g – HCB.
After analyzing the obtained results, a histogram of the distribution of POPs in the environment in the appropriate areas for this category
was built, the results are presented in Figure 2.
As can be seen from Figure 2, the production
of cement and asphalt is a source of unidirectional
impact on the environment. In turn, brick production affects all natural components of the Odessa
agglomeration environment, but cement production generates a much larger amount of POPs than
asphalt and brick production.
Unintentional production of POPs during
ground storage of Municipal Solid Waste
Municipal solid waste (MSW) is a potential
source of unintentional production of POPs due
to their diverse morphological composition, in
25
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Figure 2. Distribution of POPs entry into the environment of Odessa
agglomeration in the production of building materials by areas

particular – the presence of chlorine-containing
components. The presence of chlorine is ensured
by the fact that municipal solid waste contains
mainly medical waste in the composition of antiseptics and plastics, which modern syringes and
household items are made of. Moreover, a large
contribution to the increased content of chlorinecontaining components in MSW is made by
PVC materials, which come as part of building
waste (stretch ceilings, linoleum, heat-resistant
plastics, etc.) and shoe plastics. The presence of
heavy metals in batteries, accumulators and other
electrical and electronic equipment accelerates
the formation of PCDD/F.
According to [Head of the Department of
Statistics in the Odessa region, 2017], 100% of
the waste generated in the Odessa agglomeration is discarded on landfills. According to the
Department of Life Support Systems and Energy
Efficiency of the Odessa Regional State Administration, there are 628 landfills in the region (including 58 – overloaded, 104 – do not meet the
standards of sanitary-epidemiological and environmental safety). The Odessa region ranks first
among the regions of Ukraine in the area occupied by landfills (over 1040 hectares).
Using the data [UNEP, 2013; Head of the
Department of Statistics in the Odessa region,
2017], we calculated the amount of PCDD/F,
which is formed due to the removal of MSW
Odessa agglomeration. It should be noted that
the entry of PCDD/F into the environment in
26

this case goes in two ways: in water – as part of
the filtrate and the residue that accumulates in
the body of the landfill.
The mass of waste generated in the Odessa agglomeration in 2017 amounted to 674.1 thousand
tons, and the corresponding reception of PCDD/F
in the environment: 0.34 g TEQ – PCDD/F in the
filtrate and 33.71 g TEQ – PCDD/F in the composition of the residue that accumulates in the body
of the landfill (Table 1). The scheme of POPs input into the environment of Odessa agglomeration is given in Figure 3.
The calculations show that in the latter case,
the inflow of PCDD/F into the environment is 100
times greater. This can be explained by the fact
that before entering the water, the filtrate undergoes some kind of a purification process through
the rocks of the aeration zone, which it passes
through before entering the soil aquifer.
Unintentional production of POPs
during the operation of crematoria
Recently, the issue of cremation of dead bodies is increasingly arising because of the problems
with land for the burial of the dead and the efficiency of this type of disposal. Cremation – burning of the dead bodies to ashes – is a potential
source of POPs.
According to [religion.in.ua], 30% of the families of the dead in Odessa turn to crematoria. According to the Statistical Yearbook of Odessa region, the number of deaths in Odessa in 2017 was
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Figure 3. The scheme of POPs input into the environment of the Odessa agglomeration

13,000 people. A calculation was performed and
it was established that the mass of unintentionally formed POPs in this direction was: PCDD/F
– 0.12 mg TEQ, PCB – 1.6 g TEQ, HCB – 0.59 g
TEQ (see Table. 1).
Unintentional production of POPs
from smoking of tobacco products
Smoking tobacco products burns organic
matter, which is a source of unintentional production of POPs. In addition, the danger of exposure to POPs while smoking is that a significant
part of the formed substances enters directly into
the body of the smoker and all the other people
around him. Smoking is especially dangerous for
pregnant women, as POPs accumulate in breast
milk and are passed from a mother to a child.
On the basis of the information [zn.ua], it was
found that the number of smokers in Odessa is
20.1% of all residents, and the number of cigarettes
smoked averages 15 cigarettes/(person per day).
Thus, the mass of PCDD/F was 0.12 mg in atmospheric air and 0.12 mg in the ash residue (see Table
1).
Unintentional production of POPs
during the operation of municipal
wastewater treatment plants
Sewage effluents are wastes that contain substances dissolved in water and/or suspended solids. In general, sewage waters are characterized by
a low value of PCDD/F, but when they are disinfected with chlorine, the concentrations of these
substances increase rapidly, sometimes up to 50
times. Other factors, such as laundry and textiles

that have been treated with paints and pesticides
containing PCDD/F, may be the cause the presence
of these substances in sewage waters. PCDD/F
can also be included in sewage waters with runoff or precipitation that contain atmospheric emissions of POPs from combustion sources or as part
of untreated industrial wastewater.
The source of PCDD/F is also activated
sludge. In addition, the treatment of activated
sludge can lead to their formation. For example,
the distribution of activated sludge in irrigated
fields can lead to increased PCDD/F concentrations in soils, in future plants which will grow in
these areas, and in the tissues of the animals fed
on irrigated fields. The activated sludge that has
been buried in cemeteries may also contribute to
the formation of PCDD/F in the filtrate. It should
be noted that PCDD/F can be formed at thermal
drying stations of activated sludge.
Note that the category of sewage waters includes the effluents from urban areas that flow
into treatment plants.
Sewage waters discharge into open water is
the practice of discharging untreated sewage waters or other waste directly into open water bodies
– rivers, lakes and oceans. The sources of PCDD/F
in this case are the same as in sewage waters. That
is, due to the lack of a sufficient sewage waters
treatment, PCDD/F input the water body as a part
of the sewage waters in full. There is no activated
sludge containing PCDD/F in this case.
Using the information [State Committee of
the Russian Federation for Environmental Protection, 1999], the formation of PCDD/F during
the operation of the municipal sewage treatment
plants of the Odessa agglomeration in 2017 was
determined. As a result of sewage waters discharge into the water bodies: 0.832 g of TEQ
27
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Figure 4. The scheme of POPs entry into the environment with treated sewage

PCDD/F come in the composition of sewage
waters and 1.166 g of TEQ PCDD/F in the composition of activated sludge. As a result of direct
sewage water discharge, 0.052 g TE PCDD/F
enters water bodies (see Table 1). The scheme
of POPs entry into the environment with treated
sewage is presented in Figure 4.
The generalized results of calculations were
presented in Table 1. While analyzing the completeness of statistical data for 2017 compared
to 2012 [Head of the Department of Statistics
in the Odessa region, 2012], when the information provided was more complete, it can be
concluded that there was a significant limitation
of the completeness of the source information,
which dramatically affected the results. Thus, on
the one hand, the largest contribution is made
by landfill storing of solid waste, and the lack
of calculation results for such sources as smokehouses, stationary fuel combustion, fuel oil
combustion by stationary sources, lime production does not significantly affect the calculation
POPs formation, but for such supertecotoxicants

as PCDD/F, PCB and HCB, even these masses
of substances are essential. Moreover, the lack
of information on certain sources of pollution is
strategically unacceptable, because the knowledge of contribution of all available pollution
sources is necessary for the effective reduction
of the unintentional POPs production.
The next step for an approximate assessment
of the impact of POP, the number of molecules
per 1 inhabitant of the Odessa agglomeration was
calculated (see Table 2).
Next, the number of molecules that is acceptable for entry into the human body through
the respiratory system (using the admissible
concentration limit) was determined, which
was 6.6∙1012 mol/(person∙year). For this purpose, the sources of POPs input into the atmosphere were identified and the volumes of inflow of these substances into the city air basin
were determined (Fig. 5).
Using Table 1 and the coefficients above,
the number of molecules of 2,3,7,8-TCDD,

Table 2. The total mass and number of molecules 2,3,7,8-TCDD, unintentionally formed in the Odessa
agglomeration in 2017
Priority

Source

Mass of POPs,
g ТЕQ TCDD

Percentage of total
input

The actual number
of molecules per
capita

1

Landfills

34.05

87%

6.31 ∙ 1016

0

2

Building materials

2.864

7.32%

5.31 ∙ 1015

4.48 ∙ 1015

3

Canalization

2.00

5.11%

3.7 ∙ 1015

0

4

Organic fuel

0.22

0.56%

4.08 ∙ 1014

4.08 ∙ 1014

5

Crematoria

0.001

Less 0.01%

1.85 ∙ 1012

1.85 ∙ 1012

6

Cigarettes

0.0003

Less 0.01%

5.56 ∙ 1011

5.56 ∙ 1011

39.14

100%

0.73 ∙ 10

4.89 ∙ 1015

Total

28

17

The number of
molecules per
capita in the air
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Figure 5. Receipt of POPs into the atmosphere in the Odessa agglomeration from the main sources

which enter the atmosphere was calculated,
and it can be concluded that only the number
of molecules of 2,3,7,8-TCDD per 1 inhabitant
in atmospheric air of the Odessa agglomeration
exceeds the permissible by almost 3 orders of
magnitude for both years, which is unacceptable and requires measures to be taken to reduce POPs emissions (see Table 2). It should
be noted that air pollution accounts for only 8%
of all POPs, the other 92% are redistributed on
soil and water environment.

CONCLUSIONS
As a result of the research, the following conclusions can be drawn:
• In the Odessa agglomeration, POPs are unintentionally formed from the following sources
(in descending order): municipal solid waste
deposits, production of building materials
(bricks, cement and asphalt), functioning of
municipal wastewater treatment plants, combustion of organic fuels from mobile sources,
crematoriums and cigarette smoking. The
combustion of organic fuels by mobile sources
could not be taken into account due to the lack
of initial information.
• The distribution of the load on the environments from the POPs in the Odessa agglomeration is: the main part of the POPs input
into the soil environment with municipal solid
waste, spent activated sludge and bricks – 89%
of unintentionally formed POPs; about 8% of
all POPs enter the air basin; about 3% of POPs
enter the water environment.

• The main source of PCDD/F is the storage
of municipal solid waste in landfills, which
accounts for about 87% of all sources of
pollution. It should be noted that PCDD/F
from this source enters the soil, but some of it
also enters water bodies.
• The main source of POPs in the air of Odessa
agglomeration is the production of building
materials (in the absence of data on the combustion of organic fuels by stationary sources).
Even taking into account that the air contains
only 8% of all POPs generated in the Odessa
agglomeration, their number exceeds the allowable by 3 orders of magnitude.
• The main source of PCBs and HCBs in the environment is the production of building materials which makes the main contribution to the
pollution of the air basin by POPs.
• Priority sources of the environmental pollution
of the Odessa agglomeration have been identified, which allows taking timely measures to
reduce the unintentional production of these
substances. As can be seen from the results
obtained, reducing the flow of municipal solid
waste to landfills will significantly reduce the
formation of these substances.
• The quality of statistical data is unsatisfactory,
which is reflected in the noticeable incompleteness of the source information from the
considered sources. This makes it impossible
to obtain a complete, comprehensive picture
of the unintentional production of POPs in the
Odessa agglomeration.
• In order to clearly coordinate and take the operational measures to reduce the unintentional
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production of POPs, a separate legislative
base and methodological framework for POPs
should be developed in our country, which,
unfortunately, does not exist today.
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