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ANALYSIS OF QUANTITIES OF MUNICIPAL WASTE GENERATED IN THE
PODKARPACKIE REGION

Summary

The paper presents an analysis of changes in thmuatof municipal waste produced in individual asiand communes
of the Podkarpackie Region. The work was perfororethe basis of own research carried out with the af data collect-
ed from the Regional Data Bank, CSO, 2008 - 20h4. donducted analyses show that most waste is @edein cities
with poviat rights where the value of the averageste accumulation is in the range of 200 to 300 (ggr year)™. In other
poviats, the index value was changing in a veryewihge, from 45 to 200 kgper - year)'. The analyzed communes of
the Podkarpackie Region were also characterized lgrge range of changes of the total mixed wastumulation and
household waste per person in a range of 14.5 (grson- year)* to 345.3 kg (person- year™ and 11,3 kg (person
year)! to 221.5 kg (person year)'. It was therefore attempted to determine the &ffetthe administrative and functional
type of communes on the size of the examined todscalrhe analysis shows that the highest averddetal waste accu-
mulation characterized urban communes (253.6 + 3@8(person year)*). The second place was taken by municipalities
with urban, tourism and recreation areas (161.58I&y- (person- year)'). The lowest value, at the level of 68.6 + 6 kg
(person- year)™, characterized farming communities, and those Withadvantage of agricultural, forests and resiitn
functions. Three specific average values were détexd for household waste accumulation ratio, 1€9.5 +23.7 (urban
communes), 96.1 + 16 kg(person- year) ™ (urbanized communes, with multi-functional traiesitareas and those with
tourism and recreation functions) and 53.6 +5-Kgerson year)™ for the other communes.
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ANALIZA ILO SCI GENEROWANYCH ODPADOW KOMUNALNYCH NA OBSZARZE
WOJEWODZTWA PODKARPACKIEGO

Streszczenie

W pracy przedstawiono analizy zmiarsdiopprodukowanych odpadéw komunalnych na obszarashgqzegélnych powiatéw oraz
gmin wojewddztwa podkarpackiego. Cel pracy zreatam na podstawie badavtasnych wykonanych w oparciu o dane pobra-
ne z Banku Danych Regionalnych GUS z lat 2008 4. 20#vykonanych analiz wynikag najwicej odpadow generowane jest na
terenie miast na prawach powiatu, gdzie waftérednia wskanikow nagromadzenia odpadéw zawierawsiprzedziale od 200
do 300 kgok™. W pozostatych powiatach waftonskanika zmieniata giw bardzo szerokim zakresie od 45 do 20fbkg. Du-

2y zakres zmian wskaika nagromadzenia odpadéw zmieszanych ogoteneagagpodarstw domowych w przeliczeniu na @sob
w przedziale od 14,5 Kgs:rok)* do 345,3 kdos:rok)™* oraz od 11,3 k¢os:rok)* do 221,5 kdos:rok)* charakteryzowat row-
niez badane gminy wojewdédztwa podkarpackiego. fodyjiec proby zmierzajce do ustalenia wptywu typu administracyjnego i
funkcjonalnego gminy na wielkobadanych wskaikéw. Z analiz wynikae najwysz srednig wartascig wskanika nagroma-
dzenia odpadéw ogdtem charakteryzowadygshiny miejskie (253,6432,8 Kgs:rok)™). Drugie miejsce zaly gminy o obsza-
rach zurbanizowanych, turystycznych i rekreacyjrt€,5+38 kglos:rok)™). Najntsza warté¢ wskanika na poziomie 68,646
kg (os:rok)*, charakteryzowata gminy rolnicze, oraz z przeylmkcji rolniczej, Iénych i mieszkalnych. Dla wskéka nagro-
madzenia odpaddéw z gospodarstw domowych wyznatzgncharakterystyczne wasto srednie, tj. 169,5+23,7 (gminy miej-
skie), 96,1+16 kdos:rok)™* (gminy zurbanizowane, o wielofunkcyjnych obszamaehjciowych oraz o funkcjach turystycznych i
rekreacyjnych) oraz 53,615 Kgs:rok)” dla pozostatych gmin.

Stowa kluczowewskanik nagromadzenia odpadéw, gmina, tempo zmian

1. Introduction which the main include: the standard of living aite
number of population and the size and intensityca-
Municipal waste is waste from households, as wsell sumption of products. The type of waste generatgubdds
waste not containing hazardous waste from othertewason the type of area where the waste is produceuljlption
generators which, due to its nature or composis@imilar  density, type of development, the presence of pubkili-
to waste from households [19]. General rules fonicipal ties, the presence and size of retail outlets type of in-
waste management system in the European Unionetre slustry or services and others [6, 10]. In recerargere-
out in the Framework Directive 74/442/EEC on waste. search and analysis of the factors influencingattmeunt of
the field of waste management, the overriding dbjeds  waste have been carried out, among others, in gtbekt
to prevent and minimize waste generation, recovdiy, lands [5], Denmark [4], Austria [15], and Poland 19, 11,
posal and reuse of waste and environmentally safd f 13, 18].
disposal of unused waste. The amount of municipztey Waste monitoring is one of the fundamental aspetts
generated in a country is dependent on many factdrs the waste management at all levels of local govemm
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Itis an important tool to support the National Eammen-
tal Policy [8, 17, 18]. The most important parttioé moni-
toring is to systematically study the quantitatared quali-
tative changes in the indicators characterizingtevathe
purpose of monitoring is to obtain information oaste and
to track trends in their changes, which enableffivation

of the plans and programs of waste management.p6,

tons in 2014 (Table 1) and thus decrease in theuatnaf
generated waste can be noted. Objective indicaforaste
production include a unit indicator of total mumpial waste
accumulation per capita and a unit indicator of roipal
household waste accumulation per capita. The vabies
these indicators for the whole country are sumredrin
Table 1. The value of total accumulation varietohividu-

Waste management is an area in which there ase cleal years, from 212 to 245 kgper year) - the mean value

differences between countries, regions, poviats eveh

of this indicator is 229 kg (per year). In the case of

communes. They concern mainly the amount and camposousehold waste accumulation indicator, small dmria

tion of generated waste, and also the degree dbgeent

and waste recovery [7]. In recent years there kas la dy-
namic change in the amount of produced waste. Gizaimg
individual units in waste economy are conditiongdhiany

factors: directions of economic development, charnigehe

quality of life, technical and technological progse
[2, 3, 20].

2. Aim and scope of the paper

The aim of the paper was to analyze changes in tk{

amount of municipal waste produced in individualicties

and communes in the region of Podkarpackie. Thdystu

was performed based on the data contained in theoRa

Data Bank of the Central Statistical Office [14]2008 -
2014. The dynamics of change has been analyzenease
or decrease in the total mass of accumulated wastee

region as well as in individual communes and paviat
based on the analysis of individual changes irtaked mu-

nicipal waste accumulation and household wasteatdi.

3. Study area

The Podkarpackie Region is the farthest proviocthé
south - west. It covers an area of 17.84 thouskmd, lo-
cated at 11th place in the country, and it is infeabby
about 2.13 million people, which gives the regibe Bth
place in Poland. Podkarpackie Province is one ®fcthan-
est region in Poland. More than 45% of the reg®rav-
ered by protected areas: the Magura and Bieszckidy
tional Park, 94 nature reserves, 10 natural parkscologi-
cal locations, landscape — nature complexes andralat
monuments. This region is very diverse in termseafain.
The most popular part of the region includes thedSani-
erz Basin, the Carpathian foothills, Beskid Niskada
Bieszczady. It is the land’s varied physiograplat tinakes
this area very attractive for tourism, especially the
Bieszczady Mountains.

4. Materials and methods
4.1. The amount of municipal waste collected in Pahd

According to the Central Statistical Office, thetat
amount of collected municipal waste in the analySeg:
interval ranged from 9.3 million tons in 2008 t@ &nillion

Table 1. The amount of municipal waste collecteBatand
Tab. 1. lld¢ zebranych odpadéw komunalnych w Polsce

from the mean value can be seen, which, for théyaed,
period is 163 + 5 kg (per year}.

Figure 1 summarizes the values of total wasterageu
lation and household waste accumulation per cdpitee-
gions. The highest value of the indicators charas the
regions located in the western Poland (Déligskie,
Zachodniopomorskie Regions) in which the value hof t
total waste accumulation amounted to approx. 280(ker
year)! and 200 kgperson- year)' in the case of house-
holds. In contrast, the regions located in theezagpart of
fie country (Podkarpackie, Lubuskie atwigtokrzyskie)
are characterized by the lowest values of thesedtats of
approx. 150 kg (per year) and 100 kg (per year}.
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Fig. 1. The mean values of total waste accumulatidita-
tor and household waste accumulation indicator 0082
2014 by regions

Rys. 1. Wartéci srednie wskanikow nagromadzenia odpa-

dow ogétem i z gospodarstw domowych w latach 2008-

2014 w podziale na poszczegoélne wojewodztwa

4.2. The amount of municipal waste collected in pdats
of the Podkarpackie Region

Mean values of municipal waste accumulation irtdica
and household waste accumulation indicator by pe\ia-
cluding townships) are shown in Figure 2. Most waist
generated in cities with poviat rights, such assRae (the
region’s capital city) and Przertywhere the mean value of
waste accumulation indicator exceeds 300 (kgr year}.

Specification Years
2008 2009 2010 2011 2012 2013 2014
Total municipal waste thous. Mg 9353,0 9264,6 9180,8843,4 8575,4 8198,7 8281,2
Unit indicator per capita kcpervyear)1 245,4 242.8 238,3 229,5 222 .5 212,p 215,2
Unit indicator of households per capita -(pgryear)’ 168,6 166,8| 163,4 160,2 158,4 158, 164,8
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Approx. 200 kg- (per year} are generated in other cities Rzeszéw - an increase by 56%. The smallest incsemsee

with poviat rights (Krosno and Tarnobrzeg) andha dis-
trict of Lesko which, due to its natural advantagges ma-
jor tourist attraction and therefore many resortslacated
there. Thirteen other poviats are characterizedhbyindi-
cator value in the range of 100 to 200 -kiper year}. In
the Niansk, Kolbuszowa,

values of waste accumulation is in the range fr@to5100
kg - (per year)’. The least waste (less than 50 k(per
year)™) is generated in the Strayw poviat.
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Fig. 2. Mean values of total waste accumulatioriciaibr
and household wase indicator in 2008-2014 by indiai
poviats of the Podkarpackie Region.

Brzozéw, Ropczyca and
Sedziszowice, Przen#y and taicut poviats, the average

recorded in the poviat of Jarostaw, the value o$teagen-
erated here in 2014, as compared to 2008, incrdasdéb.
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Fig. 3. The pace of changes in the quantities oftevgen-
erated in the poviats of the Podkarpackie Regio2068-
2014

Rys. 2. Wartéci srednie wskanikéw nagromadzenia odpa- RYS: 3. Tempo zmian #id wytwarzanych odpadow w po-
déw ogdtem i z gospodarstw domowych w latach 200g8Viatach wojewodztwa podkarpackiego w latach 2008420
2014 w podziale na poszczegoélne powiaty wojewédztwa

podkarpackiego

4.3. Changes in the amount of municipal waste pro-
duced in different poviats of the Podkarpackie Regin

Figure 3 illustrates the pace of changes in trantities
of waste in individual poviats. They are definedhazhange
in the amount of waste in 2014, as compared to 2688
pressed as a percentage.

The changes are depicted in two groups:

— a group of poviats in which the amount of muratip

generated waste is decreasing,

— a group of poviats in which the amount of muratip

generated waste is increasing.

In each group, three levels of the pace of chandhe
amount of waste were determined:
- level 1 - the pace of changes is small, decrease-
crease does not exceed 35%,
- level 2 - average rate of change, decrease oease
between 35 - 65%,
- level 3 - a high rate of change, decrease oreas®
higher than 65%.

5. Analysis of the variability of the amount of wate gen-
erated in different types of communes in the Pod-
karpackie Region

High variability of the amount of waste generaiad
2008-2014 per capita was also observed at the tdvatli-
vidual communes in the Podkarpackie Region. Sotfer,
research made by the authors of the study, didenable
clear identification of the direction and intensdif/the ob-
served changes. The probable cause of the chamgjades
the standard of living and introduced legislativeaicges
related to waste management. In order to betteseptethe
situation in a given location, prior to developithg charac-
teristics of the waste stream generated in theeyed
communes, averaged values of individual total wastau-
mulation indicator and household waste accumulatidi
cator in 2008-2014 were determined per capita.

In the study, it was observed that the communefef
Podkarpackie Region were characterized by a veela
variability in the size of the average individuatal mixed
waste accumulation indicator and household wastEan
tor per person. They were, respectively, in thegeaof 14.5

The smallest decrease was recorded in the poviat @q - (person- year)" to 345.3 kg- (person- year) ™ and

Przeworsk and Mielec, where the amount of wasteigen
ed in 2014 is 8% lower than in 2008. The largestrekese
in the amount of generated waste was observedeimig:

from 11.3 kg (person year)™ to 221.5 kg (personyear)
! The reason for such a large difference may befabe
that, in the region under analyses, communes adiffef-

tricts of Bieszczady and kejsk, for which the decrease ent administrative types (urban, rural-urban, fural

amounted to 57% and 48%.

Characteristics have been developed for indicatdrs

The largest increase was recorded in the poviat gfe size of waste accumulation for each adminiseraype
Przemyl where the value of waste generated in 2014 wagf communes. The obtained statistical indicatoes saum-

higher by about 63% than in 2008, and in the pouwiat
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Table 2. Characteristics of the total mixed wasteueula-
tion indicator for each administrative type of commas

Table 4. Characteristics of the total mixed wasteuenula-
tion indicator for each functional type of a comraun

Tab. 2. Charakterystyka wskaka nagromadzenia odpa- Tab. 4. Charakterystyka wskaka nagromadzenia odpa-
doéw zmieszanych ogétem dla poszczegdlnych typdw adrdéw zmieszanych ogoétem dla poszczegdélnych typdw fun

nistracyjnych gmin

cjonalnych gmin

Adminis- Value: Coefficient Adminis- Value: Coefficient
trative Average | Minimum [ Maximum | of variation trative | Average | Minimum | Maximum | of variation
type kg (personyear)* % type kg (personyear)? %

1 253,6+32,8 143,9 316,8 20,4 1 253,6+32,8 143,9 316,8 20,4

2 76,4+9,3 14,5 345,2 63,9 2,6 161,5+38,1 71,8 345,2 42,6

3 97,2+15,5 17,5 207,6 46,4 3 107,0+15,8 56,6 129,5 23,3
where: 1 — urban commune; 2 - rural commune; 3bantrural 4,5,7,8 68,6+6,4 14,5 195,6 51,0
commune where: 1 — urban, 2 — urbanized, 3 — multifunclidnansitional,

Source: own work Zrodlo: opracowanie wlasne

Table 3. Characteristics of the indicator of acclation of
mixed waste from households for each administratype
of communes

4 — overwhelmingly agricultural, 5 — prevalentlyiagitural, 6 — tour-
ism and recreational function, 7 — forestry funtti8 — mixed func-
tions [1]

The conducted study shows that not all functidgpé

Tab. 3. Charakterystyka wskdka nagromadzenia odpa- Of communes at the significance level of p <0.05 statis-
déw zmieszanych z gospodarstw domowych dla positczedically significant within differences between theean val-

nych typéw administracyjnych gmin

Adminis- Value: Coefficient
trative | Average | Minimum | Maximum | of variation
type kg (persoryear)’ %

1 169,5+23,7 98,9 2215 22,0

2and 3 61,65,7 11,3 215,9 56,6

where: 1 — urban commune; 2 and 3 — rural commudetize ur-
ban-rural commune
Source: own work Zrodio: opracowanie wasne

The performed statistical analysis shows that mesdn
ues for the amount of total mixed generated wastetfe
given administrative type of a commune statisticaliffer
significantly at p <0.05. However, no statisticafiignifi-
cant differences have been recorded for the mehevaf
household waste accumulation for rural and senmésurdr-
eas. Table 3 shows the so-common characteristitisest
two types of municipalities.

The execution of individual characteristics of thean-
tity of generated waste for each administrativeetygb the
Podkarpackie Region resulted in a decrease of time- ¢
mune indicators’ variability to approx. 20%. Theaneval-
ue of total mass waste accumulation indicatorHerihhab-
itants of these communes was less than 254 (bgrson:
year)™. In rural and semi-urban areas, the mean value
waste accumulation was significantly lower and anted
to 76.4 kg (person year)' and 94.2 kg (persoryear). In
addition, they were characterized by much greateiatil-
ity of 50-60%. There were also rural communes whesé
dents produced more mixed waste than in rural coneswu
The analysis of the household waste accumulatidicator
shows that it is also three times higher in rurad aemi-
urban areas than in urban communes, where it amduat
less than 170 kg(person year)™.

As the determined mean values of the indicatodeun
study were characterized by a wide confidence \mater
analyses were performed to determine the mean vddue
the communes, depending on their functional tygeThe
results obtained for the mean values that shovaisttal-
ly significant differences for different types amemmarized
in Tables 4 and 5.

Krzysztof NECKA, Tomasz SZUL

ues of the total mixed waste accumulation indicami-
larly, as in the previous analysis, the highest masal
waste accumulation indicator characterized funetiour-
ban functional communes. The second place in tefrtise
amount of generated waste was occupied by communes
with urbanized areas, along those with tourist eeatea-
tional areas. The mean value of the indicator dated for
them was 161.5 + 38 kgperson year)*. The lowest mean
value of total mixed waste produced, at the le¥&&6 + 6
kg - (person year)', characterized the following four types
of communes, i.e. very agricultural, with a predoanice of
agricultural function, with forest and residenfiahctions.

Table 5. Characteristics of the indicator of acclation of
mixed waste from households for each functionaktgb
communes

Tab. 5. Charakterystyka wskaka nagromadzenia odpa-
déw zmieszanych z gospodarstw domowych dla positczeg
nych typéw funkcjonalnych gmin

Adminis- Value: Coefficient
trative | Average | Minimum | Maximum | of variation
type kg (persoryear)’ %

1 169,5+23,7 98,9 2215 22,0
2,3,6 96,1+16,0 45,9 215,9 42,2
ok,5,7,8] 53,6151 11,3 147,0 52,4

63

where: 1 — urban, 2 — urbanized, 3 — multifunclidnansitional,
4 — overwhelmingly agricultural, 5 — prevalently riegltural,
6 — tourism and recreational function, 7 — fore&inction, 8 — mixed
functions [1]

In the case of the indicator of accumulation okexli
waste from households for each functional type afc
munes, three characteristic mean values were digiedm
significantly differing among themselves. The figgoup
consisted of municipalities with urban functiongpé. In
the case of other functional types of communesy twb
groups were determined, their mean values wereifisign
cantly different from each other. In the case diamized
communes, multi-functional transition areas ands¢hof
tourist and recreational functions, the mean valugne in-
dicator of accumulation of mixed waste from houddfo
was 96.1 + 16 kg (person year)".
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In the case of other functional types of communies, [4] Christiansen K.M., Fischer C.: Baseline projectiohsedect-

mean value of the analyzed indicator was the love@st ed waste streams: Development of methodology. Eaop

amounted to 53.6 + 5 kg(person year)". Environmental Agency, Technical Report No. 28, Cdyen
gen, 1999.

6. Summary [5] Hekkert M.P., Joosten L.A.J., Worrell E.: Analysisthe pa-

per and wood flow in the Netherlands. Resources, €wvas

. tion and Recycling, 2000, 30, 29-48.
The study shows that the greatest amount of westle, [s] Jalili Ghazi Zade M., Noori R.: Prediction of Murpeil Solid

a value ranging from 200 to 300 kg(peryear)' in the Waste Generation by Use of Artificial Neural Networ
Podkarpacie Region, is generated in cities withigtavghts A case Study of Mashhad, International Journal mfif®n-
and the Lesko poviat which has aroused great istteve mental Research, 2008, 2, 1, 13-22.

tourists (it has many tourist attractions enjoyintpt of at-  [7] Jdrczak A., Szpadt R.. Okdienie metodyki bada skiadu
tention). In the remaining twenty poviats, the megalue of sitowego, morfologicznego i chemicznego odpadow kom

nalnych, opracowanie na zaméwienie Minisfr@dowiska.
Kamieniec Wroctawski — Zielona Géra, 2006.

[8] Kowalkowski A., Zygadio M.: Planowanie, zamdzanie
i ochrona $rodowiska. Europejski Instytut Ksztatcenia,

the total accumulation of household waste containetie
range of 45 to 200 kg(peryear)™.
The evaluation of changes in indicators of wasteua

mulation in 2008-2014 shows that the largest deeréa Kielce, 1998.

the amount of generated waste was observed indWiatp  [9] Malinowski M., Krakowiak-Bal A., Sikora J., Waiak A.:

of Bieszczady and lajsk, and was, respectively, 57% and llosci generowanych odpadéw komunalnych w aspekcie ty-
48%. The highest increases were recorded in the&apo¥ péw gospodarczych gmin wojewddztwa matopolskiego.

Przemyl where the value of waste generated in 2014 was Infrastruktura i Ekologia Terenow Wiejskich. Polskia-
about 63% higher than in 2008, and in the poviat of _ demia Nauk, Oddziat w Krakowie, 2009, 9, 181-191.
RzeszOW - an increase was recorded at the lei8 %k [10] Ministerstwo Ochronyrodowiska. Sprawozdanie z realizaciji

. krajowego planu gospodarki odpadami 2012.
Tlhe.cogd”ded reseamhl shows g?e highest r‘]’a":gg"f http://www.mos.gov.plig2/big/2011_11/93552887 202k
total mixed waste accumulation indicator at thee 7¢786bc41a3csfc. pdf.

1 . .
253.6 + 32.8 kg (person- year)" characterizing urban [11) Necka K., Szul T.: Comparison of the Usefulness of @ius
functional communes. The second place in termshef t Analysis and Rough Set Theory in Estimating the Rdte

amount of generated waste (161.5 + 38 Kgerson year) Mass Accumulation of Waste in Rural Areas. TEKA Com-
) was occupied by urbanized areas along with tloose- mission of Motorization and Power Industry in Agiitzire,
munes with tourist and recreational functions. Towest 2014, 13, 2.

average value of total mixed produced waste, atete of ~ [12] Necka K., Szul T.: Wykorzystanie metod alternatywnytth
68.6 + 6 kg (person: year)l, characterized the following szacowania wskaika masowego nagromadzenia odpadéw

communes: very agricultural, with a predominancegi- u odbiorcow. Technika Rolnicza Ogrodniczasha, 2014, 6,

. : . . . 13-15.
cultural funct|0_n, with fore_st and reS|d_ent|aI ftioos. [13] Pikoa K. Wolumen generowanych odpadéw a wskki
~ The analysis of the size of the mixed waste acdamu makroekonomiczne. Paliwa z odpadéw VII. Gliwice,liPo
tion indicator only for households shows that itghlest technikaSlaska, 2009, 245-256.

value can also be expected in urban functional cona®.  [14] Roczniki statystyczne wojewédztwa podkarpackiego8200
However, in the case of urbanized communes, multi- 2014. Gléwny Urad Statystyczny. Bank Danych Lokalnych.
functional transition areas and of tourist and eational Warszawa, 2009.

functions, the mean value was 96.1 + 16 -k{person: [15] Salhofer S., Graggaber M.: Erhebung des__kommunaten
year)l' The lowest waste production indicator (53.6 4g5 k fallaufkommens und Untersuchung ausgewahlter Sagysiel

. 1 : ; teme im Bundesland Salzburg. Report. Vienna, 1999.
(person- year)) characterized communes of other func [16] Szymaiski K.: Gospodarka odpadami — stan i perspektywy.

tional types. Gospodarka Odpadami Komunalnymi. Komitet Chemii Ana
litycznej PAN. Koszalin: Wydawnictwo FENIKS, 2006.
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