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INTRODUCTION

ABSTRACT

The objective of the study was to identify system changes in waste management, in-
cluding qualitative and quantitative changes in the Lososina Dolna County between
2012 and 2014, taking into account eleven waste streams in the period before and
after the introduction of these changes on the level of the county. Differences in the
county’s tasks with respect to municipal waste management, which became clear
after the changes, were shown along with their impact on the effectiveness of the
assigned tasks related to taking over the obligations of waste collection by property
owners. On this basis, a 10% growth in the quantity of collected municipal waste
was noticed after the changes, as well as a 4% growth in recycled materials, in par-
ticular plastic. A drop on the level of 8.5% in the collected mixed municipal waste
was considered favourable; however, a drop in the share of glass waste amounting to
5.28% and was considered as negative. In spite of the introduced changes in the mu-
nicipal waste stream, the share of non-segregated waste of over 67.55% remained
significant. The year of changes was characterised by relatively low value of waste
accumulation index on the level of 0.26 kg- M-day™!. The aim of the study was to
assess the efficiency of municipal waste management in the Lososina Dolna County
in comparison to system changes in waste management introduced at the end of the
first and the beginning of the second half of 2013.
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Oleszczuk, 2002]. Simultaneously, such activi-
ties should not cause damage to the environment

At present, waste and waste-related threats
constitute a grave problem in the area of environ-
mental protection. The main sources of municipal
waste are households and infrastructural facilities,
such as trade, industry, services and education.
The place of waste generation, affluence of the
society, as well as consumption models determine
the morphological composition and the quan-
tity of municipal waste [Rosik-Dulewska, 2015].
Waste is an economic, social, environmental and
often an aesthetic problem. Presently, when envi-
ronmental threats depend mainly on the amounts
of various types of waste, it is necessary to im-
plement activities encompassing: accumulation,
transport and neutralisation of waste [Leboda and
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[Bieganska and Ciuta, 2011]. Statutory changes
in waste management which took place in the re-
cent years are aimed at reducing the amount of
generated municipal waste and waste deposited
at landfill sites. Waste management, in line with
the provisions applicable in Poland, belongs to
the own tasks of each county [Kwapisz, 2005].
Maintenance of order and cleanness related to it
influences environmental protection, protection
of health and care for the aesthetics and order
[Rakoczy, 2013]. The obligation of collecting
municipal waste by counties from real property
owners and imposing fees for waste management
is aimed to support improved waste management
[Przydatek, 2012]. In this aspect, it is important
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to recognize the course of changes in waste man-
agement on the county level, both on the basis of
analysis of legal regulations and the results of col-
lected waste in two different study periods.

STUDY OBJECTIVE AND METHODOLOGY

The objective of the study was to evaluate
municipal waste management efficiency in the
Lososina Dolna County in relation to the system
changes in waste management introduced at the
end of the first and the beginning of the second
half of 2013. The study discusses issues related to
statutory changes and the effects of their imple-
mentation in municipal waste management in a
selected county in the Matopolska province.

The data that was accepted for analysis de-
rives from the Central Statistical Office and the
Lososina Dolna County. The object of analysis
was to determine the direction of quantitative and
qualitative changes in the municipal waste col-
lected in a selective and non-selective manner in
the area of the Lososina Dolna County between
2012 and 2014, taking into account the period
before and after the introduction of the system
changes, as well as the number of inhabitants
and households. Waste collected selectively in-
cluded: glass, plastic materials, paper and card-
board (including packaging). Furthermore, the
object of the analysis encompassed used electric
and electronic devices, products containing CFC,
fluorescent lamps and other waste types contain-
ing mercury, batteries and bio-degradable waste,
other non-biodegradable waste, including waste
from municipal cemeteries, mixed waste contain-
ing concrete, brick rubble, ceramic materials and
interior design elements.

On the basis of the amount of collected waste,
the index of mass accumulation of waste on a dai-
ly basis was determined.

CHARACTERISTICS OF THE £tOSOSINA
DOLNA COUNTY

The Lososina Dolna County is located in the
Nowy Sacz Poviat in the Matopolska Province. It
lies in the eastern section of the Beskid Wyspowy
mountains and covers a significant portion of
the Lososina Range with numerous hills. With
respect to height, Jaworz (921 metres above sea

level), Chetm (789 metres above sea level) and
Gora Sw. Justa (484 metres above sea level) are
characteristics in the area. The last one separates
the county into two valleys: the Lososina and the
Dunajec [Lososina Dolna County, 2015].

The Lososina River flows through a major part
of the county; it ends its course in Lake Czchow.
The eastern border of the county is designated by
Lake Roznow [Lososina Dolna County, 2015].
Main Underground Reservoir 435 — the Dunajec
River Valley is located in the county.

The surface area of the county amounts to
84 square kilometres and constitutes 5.4% of the
Nowy Sacz Poviat. The commune consists of nine-
teen villages (Biatawoda, Bilsko, L.¢ki, L.ososina
Dolna, tyczanka, Michalczowa, Rabkowa, Ro-
jowka, Skrzetla, Stafikowa, Swidnik, Tabaszowa,
Tegoborze, Witowice Dolne, Witowice Gorne,
Wronowice, Zawadka, Znamirowice, Zbikowice)
[Lososina Dolna County, 2015].

The Biatawoda Gora nad Dunajcem Nature
Reserve is located in this area with a surface of
67.69 hectares; it encompasses a Carpathian beech
forest and oak forest with rock plants, including
protected species such as globeflower (Trollius
europaeus) and Martagon lily (Lilium martagon).
Furthermore, the area of the county features the
Southern Matopolska Protected Landscape Site
and eight nature monuments. The county has
brown acidic soils, leached, skeleton, clayey and
alluvial soils [Lososina Dolna County, 2015].

ANALYSIS OF SYSTEM CHANGES IN
WASTE MANAGEMENT ON COUNTY
LEVEL

Analysis of municipal waste management
system until 30 June 2013

Until 30 June 2013, the municipal waste man-
agement system in the county functioned in line
with the local law which was determined by the
Regulation on Maintaining Cleanness and Or-
der in the Lososina Dolna County [Regulation...
2003]. Its main premise was inclusion of all in-
habitants in the waste collection system. This was
related to the creation of conditions for selective
collection of municipal waste, with special atten-
tion given to packaging waste, glass, paper and
cardboard, plastic and hazardous waste.

Owners of real properties fulfilling the obliga-
tion of collecting municipal waste, and therefore,
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also municipal waste discharge, were required
to document the discharge via: — concluding an
agreement with a discharge company; — confirm-
ing collection of municipal waste; — confirming
payment for the waste collection service for the
discharge company.

Analysis of system changes in municipal
waste management from 1 July 2013

After the introduction of changes in waste
management, the entity responsible for or-
ganisation and functioning of the new system
was the Lososina Dolna County, which was
made liable for:

e selection of a discharge company via a tender
procedure;

e conclusion of an agreement with a selected
service contractor;

e including all inhabitants of the county under
the waste collection system;

e ensuring accomplishment of required waste
recovery and recycling levels;

e cnsuring financing for waste discharge for the
purpose of waste management according to
the criteria resulting from the local law [Regu-
lation..., 2013].

In relation to the introduced changes, the
county additionally introduced the collection of
bio-degradable waste and ash via a Collection
Station of Selective Municipal Waste, generally
available for the inhabitants. Such system solu-
tion is conducive to sustainable development
[Devadula, 2015]. The frequency of municipal
waste collection in two analysed periods was
identical and took place twice a month, with the
exception of large-size waste and used electric
and electronic equipment.

ANALYSIS OF RESULTS

The number of inhabitants in the Lososina
Dolna County between 2012 and 2014 ranged be-
tween 10 603 and 10 742 (Table 1). The number of
inhabitants registered for permanent and tempo-
rary residence in the county in 2012 was 10 603,
whereas the number of households included in
the waste management system was 2401. In-
crease in the number of residents and households
was observed in the subsequent two years by 347
persons and 117 households on average.

The total quantity of municipal waste collect-
ed in the county between 2012 and 2014 ranged
from 867.863 Mg to 1028.7 Mg with the aver-
age of 949.38 Mg (Table 2). The smallest quantity
of waste was collected in 2012 and the greatest
in 2013 with an increase in the number of resi-
dents by 95 persons and increase in the number
of households by 347. As part of the new system,
from 1 July 2013 to 31 December 2013, 441.67
Mg was collected. On the other hand, with the
greatest number of residents in 2014, the total
quantity of collected municipal waste amount-
ed to 951.57 Mg. In 2014, after introduction of
changes in the waste management system, the
mass of collected municipal waste grew in com-
parison to 2012 by 84.00 Mg.

The average resident of the analysed county
accumulated the smallest amount of munici-
pal waste (0.23 kg) in 2012. In 2013, this index
amounted to 0.26 kg'M'-day' and was the high-
est in the analysed period. In 2014, the amount
of municipal waste per inhabitant of the county
dropped by 0.02 kg in comparison to the previ-
ous year and amounted to 0.24 kg (Figure 1). This
confirms an increase in waste accumulation with
special attention given to the year 2013.

Table 1. Number of inhabitants and households included under the waste management system in the Lososina

Dolna County between 2012 and 2014

Year 2012 2013 2014
Number of households 2401 2748 2775
Number of inhabitants with registered addresses 10 603 10 698 10 742

On the basis of data of the Central Statistical Office and data from the Lososina Dolna County.

Table 2. Quantity of municipal waste collected in total in the area of the Lososina Dolna County between 2012

and 2014

Years 2012

2013

1 January — 30 June

2014
1 July — 31 December

Waste quantity [Mg] 867.86

587.03

441.67 951.57

On the basis of data of the Lososina Dolna County.
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Non-segregated (mixed) waste had the
greatest share (67.55%) in the mass of collect-
ed municipal waste. During the analysed years,
the greatest amount of mixed municipal waste
in the commune was collected in 2013, whereas
the smallest in 2012 (Table 3). In 2013, in the
first half of the year, 410.85 Mg mixed waste
was collected, whereas in the second half,
the quantity of such waste dropped by 137.69
Mg and amounted to 273.16 Mg. In 2014, the
amount of mixed municipal waste generated in
the county dropped by 58.00 Mg in compari-
son to 2013. After changes in 2014, the amount
of non-segregated municipal waste amounted
to 626.00 Mg and decreased by 15.60 Mg in
comparison to 2012 — before the introduction
of changes.

27,00

In the Lososina Dolna County, the amount
of municipal waste collected selectively be-
tween 2012 and 2014 ranged from 257.463 Mg
to 344.70 Mg. The greatest amount of segregated
municipal waste was collected in 2013, the small-
est in 2012. The level of waste recovery ranged
from 30% to 34% which confirms an increase in
2013 and 2014 (Figure 2).

With respect to the municipal waste collected
selectively, the dominant group on the level of
over 23% was glass packaging. The amount of
such waste in the analysed years was subject to
significant changes. The smallest share was in
2014, whereas the greatest in 2013. In the second
half of 2013, the amount of such waste dropped
by 39.96 Mg in comparison to the first half of this
year. The mass of glass packaging waste in 2014
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Figure 1. Daily municipal waste collection index in the Lososina Dolna County between 2012 and 2014

Table 3. Quantity of non-selective municipal waste collected in the Lososina Dolna County between years 2012

and 2014
2013
Waste type 2012 2014
1January — 30 June 1 July — 31 December
Non-segregated (mixed) 610.40 410.85 273.16 626.00
municipal waste [Mg]
On the basis of data from the Lososina Dolna County.
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Figure 2. Quantity of non-segregated mixed municipal waste and segregated mixed municipal waste in the area
of the Lososina Dolna County between 2012 and 2014
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dropped by 5.28 percentage points in comparison
to the year 2012.

Plastic packaging waste has also a signifi-
cant share of 6.83%. The largest quantity of
plastic packaging was collected in 2014: 92.60
Mg, whereas the smallest in 2012: 27.10 Mg,
which showed a great increase by 65.50 Mg.
This type of waste belongs to a dominant group
of waste collected in the county with the average
annual mass amounting to 64.70 Mg. The quan-
tity of plastic packaging in the first half of 2013
grew by 28.78 Mg in comparison to the second
half of that year.

The share of paper and cardboard waste,
including packaging waste, in the total mass
amounts to 1.31%. The slightest amount was col-
lected in 2012 with the mass of 7.20 Mg, and the
greatest of 15.70 Mg in 2014. In 2013, before the
analysed changes in waste management, such
quantity amounted to 5.95 Mg, whereas in the
second half of the year to 8.45 Mg, which con-
firms an increase by 2.50 Mg. In 2014, 15.70 Mg
paper and cardboard waste was generated, which
shows an increase by 0.82 percentage points in
comparison to 2012.

In the analysed period, the mass of collected
used electric and electronic devices ranged from
4.90 Mg to 5.90 Mg. The greatest quantity was re-
corded in 2012, whereas the smallest in 2014 with
a drop by 1 Mg. In the first half of 2013, the mass
of collected used electric and electronic devices
amounted to 3.73 Mg, whereas in the 2" half of
the year to 1.17 Mg, which also confirms a drop,
yet by 2.56 Mg. In 2014, the quantity of such
waste dropped by 0.95 Mg in comparison to 2012.

Between 2012 and 2014, the mass of col-
lected products containing CFC ranged from 2.20
Mg to 2.60 Mg. The smallest quantity of such
waste was collected in 2014 and in comparison
to 2013, when the quantity of the collected waste
was highest, a drop of 0.40 Mg was observed.
The share of products containing CFC in the
analysed years amounted to 0.25% in the total
mass of collected waste.

Fluorescent lamps and other waste contain-
ing mercury had the smallest share (<0.01 %)
in the mass of waste collected in the Lososina
Dolna County. In the analysed period, the mass
of the above-mentioned waste was within 0.003
Mg — 0.02 Mg. The smallest value was recorded
in 2012, and the greatest in 2013. In 2014, the
quantity of collected waste grew by 0.007 mg in
comparison to the quantity collected in 2012.
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The next group of waste that was collected
in the county were batteries. Their mass ranged
from 0.06 Mg to 0.10 Mg. The smallest quantity
of batteries was recorded in 2012. In 2013 and
2013, the values were identical and amounted
to 0.1 Mg. On the other hand, in the first half of
2013, the mass of collected waste amounted to
0.03 Mg, whereas in the second half of the year to
0.07 Mg, which confirms an increase by 0.04 Mg.

No collection of bio-degradable waste in the
area of the county in 2012 resulted from the op-
tion of its management by household compost-
ing plants [Przydatek 2013]. In the first half of
2013, collection of such waste in the amount of
0.05 Mg was recorded, whereas in the second
half of the year in the amount of 8.95 Mg, which
shows an increase. In 2014, the value grew by
8.50 Mg in comparison to the year 2013. The per-
centage share of the above-mentioned waste in
the total mass of waste in 2014 amounted to 2%,
and in 2013 to over 2%.

The quantity of other non-biodegradable
waste, including waste from municipal cemeter-
ies ranged from 5.2 Mg to 14.0 Mg between years
2012 and 2014. On average, the quantity of col-
lected waste amounted to 9.47 Mg. The greatest
value was recorded in 2014, whereas the smallest
in 2013. The mass of such waste in 2014 clearly
grew in comparison to 2012, i.e. by 4.80 Mg. The
percentage share of waste of this type in 2014 grew
by 0.40 percentage points in comparison to 2012.

Another type of waste collected in the area
of the commune in the period of three analysed
years was mixed waste of concrete, brick rubble,
ceramic materials and elements of interior design.
In 2012, waste from this group was not collected,
whereas in 2013, the mass of such waste amount-
ed to 0.38 Mg and in 2014 to 0.44 Mg, which con-
firms an increase (Table 4). The share of analysed
waste in comparison to waste collected in general
did not exceed 0.05%.

DISCUSSION

There was a general increase in the quantity
of collected municipal waste by 10% between
2012 and 2014 in the area of the county (Fig-
ure 3). Such a trend is convergent with the gen-
eral increase in the quantity of waste generated
around the world [Adamcova et al., 2011]. At
the same time, an increase in the number of resi-
dents by 1.3% and the number of households by



Journal of Ecological Engineering Vol. 18(1), 2017

Table 4. Quantity of segregated waste collected in the Lososina Dolna County between 2012 and 2014

Waste mass [Mg]
Waste type 2013
2012 1 July - 30 1 July — 31 2014
June December

Glass packaging 205.70 135.68 95.72 175.3
Plastic packaging 27.10 22.81 51.59 92.60
Paper and cardboard (including packaging) 7.20 5.95 8.45 15.70
Used electric and electronic devices 5.90 3.73 1.17 4.95
Products containing CFC 2.30 2.60 2.20
Fluorescent lamps and other waste containing mercury 0.003 0.02 0.01
Batteries 0.06 0.03 0.07 0.10
Bio-degradable waste - 0.05 8.95 17.50
antuhr:ei;ir;c;T;lzomdeetg;iable waste, including waste from 9.20 520 14.00
ggnizrizngfr?;?érlia(:lrcgersuigﬁle, ceramic materials and ) 0.38 0.44

On the basis of data of the Lososina Dolna County.

15.6% was recorded. It is necessary to emphasise
that the quantity of generated municipal waste is
influenced by a number of factors, mainly socio-
economic ones, which include people’s habits
and the level of residents’ income [Malinowski et
al., 2009; Przydatek, 2015]. Mass accumulation
of waste shown on the basis of an index has basic
evaluative significance. The highest recorded val-
ue of such an index of 0.26 kg-M"-day!, greatly
differs from literature data, including the data re-
corded in Asia [Samah et al., 2013; Generowicz
and Gaska, 2014].

Among the collected waste, the greatest
share with a clear drop was recorded with respect
to non-segregated (mixed) waste with a simul-
taneous increase in the level of recovered waste
by 4% (Fig. 3). Thanks to the use of recycled
materials, pollution of the environment decreas-
es, along with the share of primary materials in
production, which saves them and does not lead
to the degradation of the landscape [Bien and
Bien, 2010]. In the mass of segregated munici-
pal waste, the dominant group on the level of ap-
prox. 23% was glass waste, whose quantity even-
tually dropped. A similarly dominant share of
such waste was confirmed by Przydatek (2013).
Packaging waste, according to Rosik-Dulewska
(2015), constitutes one of the major problems
of municipal waste management. An increase
by 6.61% in the share of municipal waste col-
lected selectively referred to plastic packaging.
A similar increase in domestic conditions was
shown by Szymanska-Pulikowska (2012). On
the other hand, other researchers determine the
changed consumption model and resignation
from the system of return packaging subject to

deposit [Bilitewski et al., 2013] as the cause for
the increase of such waste. The share of paper
and cardboard waste, including packaging waste
below 1.5% has to be considered low and it di-
verges from literature data [Zakowska, 2012].

With respect to the used electric and elec-
tronic devices and devices containing CFC, there
was a decreasing tendency in the quantity of col-
lected waste on the level from 0.16% to 15% in
the analysed years. A slight increase referred to
the fluorescent light waste and other waste con-
taining mercury. The mass of collected batteries
was also subject to a slight increase. This may be
caused by difficulties related to the management
of used batteries, resulting from various sources
of power in multiple areas of life in a broad as-
sortment of devices [Malucha et al., 2008]. Stud-
ies on the dependency of variation in the quantity
of hazardous waste generated in households were
conducted by Chaves and Bitencourt da Silva
(2015). On this basis, they showed a dependency
between an increase in the level of collected haz-
ardous waste and increase in the environmental
awareness of inhabitants, which in the case of the
analysed county shows certain deficiencies.

Selective collection in the area of the com-
mune also encompassed bio-degradable waste
and non-bio-degradable waste, including waste
from municipal cemeteries. In the first case,
their share did not exceed 2% and was not sub-
ject to changes, whereas in the second case it
showed a slight increase by 0.40%. According
to the provisions of the National Waste Man-
agement Plan (2014), waste subject to bio-deg-
radation constitutes a significant portion of the
municipal waste.
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B Non-segregated mixed municipal waste
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Figure 3. Percentage share of individual types of municipal waste collected selectively and non-selectively in the
area of the Lososina Dolna County between 2012 and 2014

The increase also referred to collected
mixed waste of concrete, brick rubble, ceramic
waste and interior design elements which ex-
ceeded 15% with its slight share in the waste
mass below 0.05%. Collection of such waste is
important on account of recycling objectives on
the level of 50% of waste from households and
70% of construction and disassembly waste un-
til 2020 determined in Directive 2008/98/EC of
19 November 2008 on waste repealing certain
directives [Official Journal L 312/3 of 2008].

78

CONCLUSIONS

On the basis of the analysis with respect to
system changes in the management of municipal
waste in the area of the Lososina Dolna County,
it is possible to draw the following conclusions:

1. The county has become an entity responsible
for organisation and supervision over the fulfil-
ment of obligations by waste producers in the
area of municipal waste management, starting
from waste accumulation.
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2. After introduction of changes in waste manage-
ment, the general mass of collected municipal
waste grew by 10%, along with a growth in the
number of inhabitants by 1.3% and residential
buildings by 15.6%.

3. After the changes, a slow increase in the level
of waste recovery with the characteristics of
recycled materials on average by 4% has been
perceptible, including plastic waste, paper and
cardboard, batteries, waste from fluorescent
lamps, subject to bio-degradation and mixed
construction waste.

4. A drop in the level of collected waste (in com-
parison to waste in total) included waste col-
lected non-selectively (8.5%) and selective
waste (from 0.16 to 5.28%), glass packaging
waste, used electric and electronic devices and
devices containing CFC; this may result from
incomplete awareness of the inhabitants, as far
as environmental threats are concerned.

5. The highest daily waste accumulation index
amounted to 0.26 kg-M'-day"! and is consid-
ered quite low.

6. Non-segregated (mixed) municipal waste
has the greatest share in the collected waste
(67.77%), whereas the smallest are selective-
ly collected fluorescent light waste and other
waste containing mercury (<0.01%).
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