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Caxerak: [IpoydaBana je OBPIINHCKA EMHCH]ja JIETIOHU)CKOT raca, Kao 1 MMHUCHOHE KOHIIEHTPAllKje aepOIoJIyTaHaTa TOKOM 8
Mjecelny Kako O ce TIPOIMjeHHO YTULIA]j eroHuje ,,L[pHn BpX* ko1 3BOpHUKA Ha KBAIUTET Ba3myXa. JIeOHM]CKU TacOBH Cy FACOBH
KOjU HACTajy Kao MOCJbeIUIIa MPUPOIHOT MpoIieca pa3rpaiibe OPraHCKOT OTIa/Ia KOjH ce OfJiake Ha JaernoHujama. OBU racoBU
Mory ce ocnobahatu y atmocdepy U3 JeoHUja U UMajy 030usbaH yTUIIA] HA )KUBOTHY CpeAnHy. JenaH o HajBehux mpobiema y
BE3H Ca JISTIOHU]CKUM TaCOBHMA je ThHXOB YTHIIA] Ha KITMMaTcKe mpoMjere. [lopen Tora, IeMOHN]CKH TacOBH TaKolje MOTY HMaTh
JIOKAJTHU YTHIA] Ha KBAJMTET Ba3/lyXa M 3[PaBJbe JbY/IH, TOCEOHO y Clly4yajy BUCOKUX KOHIICHTpAIMja CyMIIOP-BOIOHHKA, KOjJH
MMa jaK ¥ HeIpHjaTaH MEPUC U MOXKE M3a3BaTH PECIIMPATOPHE M APYyTe 3IpaBCTBEHE NpodiieMe Ko/ JbyH. PesyaraTtu Mjepermba
eMHCH]je JIETIOHU]CKOT raca ca BUCOKHM IPOILEHTOM NPUCYTHOT KuceoHuKa (o 16.38 % mo 19.46 %) u HECKAM KOHIEHTpA-
oyjama yribeH-anokcuaa (Mame on 1 %) u merana (o1 3.5 % no 4.1 %) mokasyjy Aa je Ha MjecTy Mjepera IPHCYTaH CBjexe
OJUIOKEHH OTIAJl y KOjeM je IOMUHAHTaH aepOOHH NPOLIEC pasrpajmbe. YIIOpeIo ca MjepeheM eMUCH]E ACTIOHH]CKOT raca MjepeHe
Cy ¥ HMHCHOHE KOHIeHTpanuje 11 mapamerapa 3a npaheme kBaanuTeTa Ba3nyxa: yribeH-MoHOKcnaa (CO), cyMmop-anokcuaa
(SO,), o030mna (0O,), azotHnX okcunga (NO, NO,, NO,), ykynuux sedaehnx yectuna (YJIY), nednehux uectuna (PM, ), ykynmHux
yriboBoponuka (THC), merana (CH,) u Hemeranckux yriboBononnka (NMHC). Ananu3om 1oOujeHHX pesynraTa Mjepera
HaBEICHHX IapameTapa MOXKe ce 3aKJbYUUTH Jla U3MjepeHe KOHIEHTpallHje MoJyTaHaTa y Ba3ayXy Ha JOKAIUTETY perHOHATHE
nenonwuje ,,L[pHu Bpx He mpernase rpaHuYHE BPUjEAHOCTH NpemMa YpenOu o TPaHWYHUM BPHjEHOCTUMA KBAJINTETA BasdyXa.

KibyuyHe pujeun: jenoHuja, yTHIaj, KBAINTET Ba3AyXa, JACIOHU]CKHU Tac, OTaj, nenonuja ,,l{pau Bpx”.
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Abstract: The surface emission of landfill gas was studied, as well as the imission concentrations of air pollutants during 8
months in order to assess the impact of the ”Crni vrh” landfill near Zvornik on air quality. Landfill gases are gases that arise
as a result of the natural process of decomposition of organic waste that is disposed of in landfills. These gases can be released
into the atmosphere from landfills and have a serious environmental impact. One of the biggest problems with landfill gases is
their impact on climate change. In addition, landfill gases can also have a local impact on air quality and human health, espe-
cially in the case of high concentrations of hydrogen sulphide that has a strong and unpleasant odour and can cause respiratory
and other health problems in humans. The results of measuring the emission of landfill gas with a high percentage of oxygen
present (ranging from 16.38 % to 19.46 %) and low concentrations of carbon dioxide (less than 1 %) and methane (ranging
from 3.5 % to 4.1 %) show that freshly deposited waste in which the aerobic decomposition process is dominant is present
at the measurement site. Along with the measurement of landfill gas emission, the emission concentrations of 11 air quality
monitoring parameters were also measured as follows: carbon monoxide (CO), sulphur dioxide (SO,), ozone (O;), nitrogen
oxides (NO, NO,, NO,), total suspended particles (TSP), suspended particles (PM,,), total hydrocarbons (THC), methane (CH,)
and non-methane hydrocarbons (NMHC). The measurement result analysis of the mentioned parameter leads to a conclusion
that the measured pollutant concentrations in the air at the location of the regional landfill “Crni vrh” do not exceed the limit
values according to the Regulation on limit values of air quality.
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YBOJ

[Topact npoaykiiyje 4BpCTOr OTMaja Kao pe-
3yNITaT EKOHOMCKOT pa3Boja M pacTa CTAHOBHHIIITBA
MOCTA0 j€ je/laH O]l Haj3HAYaJHHJUX E€KOJOIIKHX
npobinema Hamer BpemeHa. Oxo 1.3 mumnmjap-
Jie TOHA OTMAja TOAUIIKHE TeHEPHILEe ¢e IIUPOM
cBujera, a CBjeTrcka OaHKa je MpOrHO3Wpaya Ja
he ropma nugpa BjepoBaTHO OpacTy Ha 2.2 MU-
nujapae ToHa 10 2025. roguHe, OJHOCHO 10 CKOPO
4 munmjapae Tona 110 2100. rogune. JlenmoHoBame
OTHaja cMaTpa ce HajeKOHOMUYHUJOM U HAjIpH-
xBaheHnjoM MeTo1oM oftarama otmaaa (Kumar &
Sharma, 2014; Cudjoe & Acquah, 2021) mocebHo
y 3eMJbama y pa3Bojy. Mlako 01 ienoHoBame oTra-
na Tpebario 1a Oyzie HOCIbE e Y XHjepapXuju yIi-
paBJbama OTHaao0M 300r HajBehe emucHje racoBa
CTakJieHe Oamire y rnopehemy ca ApyruM cucte-
MHMa yTIpaBJbakba OTIAI0M, OHO j€ U J1aJbe BEOMa
yobu4ajeHo mupom ceujeta (Zuberi & Ali, 2015).
EBponcka ynuja (EY) u ocrarak ,,3maTHe Mu-
nrjapae’ KOjH y)KUBAjJy BUCOK KUBOTHHU CTaHAAP/
cTBapajy oko 420 MMIIMOHAa TOHA KOMYHAJTHOT
oTnaja, oj yera ce HajMame 210 MuIMOHA TOHA
(50 %) onnaxe na nenonuje (Themelis & Ulloa,
2007; Ciuta et al., 2018). [Tocmarpano Ha robas-
HOM HHBOY JICTIOHOBaHU YBPCTH KOMYHAJTHU OTIA/]
n3HocH Hergje omuzy 1.5 mummjapau Tona (Murphy
& McKeogh, 2004; Themelis & Ulloa, 2007).

IIpema noganuma EVY cratuctuke y bocuu
u Xepuerosunu je 95 % xomyHaJHOT OoTHajaa
OJUIO’KEHO Ha jenonuje Oynyhu na ce ynorpeba
MehyTpeTMaHa Kao MITO Cy ChajbhBambe, Tacu-
(uKanmja U penrKiIaxa aKTUBHO HE MPAKTHKY]Y
3a e(pUKACHO YKJIamame OTIa/a Y OBOj JPKaBH.
[Ipema nomaimMa AreHIyje 3a CTaTUCTHKY bocHe
1 XeplLeroBuHe, MpoIyjemheHa KOJTUIMHa TPOU3-
BeJICHOI KOMYHaJHOr otnaaa y 2018. ronunu
n3HocH 1243973 t, onrocHo 355 kg 1o cTaHOBHU-
Ky roauinme win 0.97 kg mo cTaHOBHUKY Ha JaH.

OBa cTyauja mpencTaBiba HACTaBaK MCTpa-
KHUBamba y 00JacTu ynpasibama oTnajaoM y boc-
Hu u Xepueropunu (Pesevic, 2022; PeSevi¢ &
Markovi¢, 2018; Pesevi¢ & Crnogorac, 2008; Topi¢
et al., 2013). [Ipumapuu npoGieM Koju ce 0OUIHO
HaJla3y Ha JIeTIOHMjaMa je MPOU3BOAHA BUCOKHX
KOHIICHTpallMja METaHa U YTJbEH-INOKCH[A, TE
WCTIapJEUBUX OPTaHCKHX jeIMHCHha KOja Cy Y3POK
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INTRODUCTION

The increase in solid waste generation as
a result of economic development and pop-
ulation growth has become one of the most
significant environmental problems of our
time. About 1.3 billion tons of waste are gen-
erated annually worldwide, and the World
Bank has forecast that the above figure will
probably increase to 2.2 billion tons by 2025,
or to almost 4 billion tons by 2100. Landfill-
ing is considered the most economical and
accepted method of waste disposal (Kumar
& Sharma, 2014; Cudjoe & Acquah, 2021)
especially in developing countries. Although
landfilling should be the last in the waste
management hierarchy due to the highest
greenhouse gas emissions compared to oth-
er waste management systems, it is still very
common worldwide (Zuberi & Ali, 2015).
The European Union (EU) and the rest of the
“golden billion” who enjoy a high standard
of living generate about 420 million tons of
municipal waste, out of which at least 210
million tons (50 %) are landfilled (Themelis
& Ulloa, 2007; Ciuta et al., 2018). Observed
at the global level, the deposited solid mu-
nicipal waste amounts to somewhere close to
1.5 billion tons (Murphy & McKeogh, 2004;
Themelis & Ulloa, 2007).

According to the data of EU statistics in
Bosnia and Herzegovina, 95 % of municipal
waste is deposited in landfills, since the use
of intermediate treatments such as incinera-
tion, gasification and recycling are not active-
ly practised for efficient waste removal in this
country. According to the data of the Agency
for Statistics of Bosnia and Herzegovina, the
estimated amount of municipal waste gener-
ated in 2018 was 1243973 t, i.e. 355 kg per
inhabitant per year or 0.97 kg per inhabitant
per day.

This study is a continuation of research
in the field of waste management in Bosnia
and Herzegovina (PeSevi¢, 2022; PeSevi¢ &
Markovi¢, 2018; Pesevi¢ & Crnogorac, 2008;
Topi¢ et al., 2013). The primary problem com-
monly found in landfills is the production of
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MHOTHX HenpujaTHuX mupuca. ¥ bocuu u Xep-
LIETOBUHH ]€ Y TIOCJHE/TEHE JBH]E ICIICHN]E OTIIOUEO
TIPOIIEC U3TPa/IEhe CAHUTAPHUX JICTIOHH]a Ca ITIJbEM
orpaHuvaBama eMucHja 3aralyjyhux marepuja y
CTOJballIY cpenuHy. MehytuMm, oanarame OT-
najia ¥ Jajbe MPEACTaBlba MPHUJETHY JbYICKOM
37IpaBJby M JKUBOTHO] CPEIMHH CTBAPAEM JICTIO-
HHUJCKOT raca u pa3nuuutux nosyranara (Tansel
& Inanloo, 2019) u npezcraB/ba NOTEHIM]jATHE
3apaBcTBeHe prm3uke (Zhang et al., 2021; Marti et
al., 2014), jep canpyke MOTEHIIUjaIHO TOKCHYHA
XEMHU]JCKa JeMIbEha, KOja HACTA]y Pa3IuuUuTHM
XEMH]CKUM, (PU3UYKUM M OHOJOIIKUM MpOIe-
cUMa pasrpajmbe oTnaaa. Jlenonujcku rac Takohe
MOXeE J1a CaJIp>KU JeIUbEHha y TParoBMMa Kao IITo
cy: anupaTUIHN U apOMATHYHU YTJHOBOJIOHHUIIH,
XaJIOTCHOBAHA jeINbCHhA U JeTUHEha Koja caip-
e CUITULIM]YM JI0 YKYIIHE KOHIeHTpanyje o 2000
mg/m* (Schweigkofler & Niessner, 2001), kao u
JpyTa XeMH]CKa JeIUbEeha Kao IITO CY: aJKaHH,
[IUKJIOAJIKAHHU, TEPIICHH, AJIKOXOJIH M KETOHH, je-
IMIbEha CyMIopa U apyra jenumema (Allen et
al., 1997). ApomatnyHa jenumema, IIaBHA TPY-
1a HEMETAHCKUX YTJbOBOJOHHMKA Y JICTIOHH]CKOM
racy, cMartpajy ce jeJHUM OJ1 HajOITaCHUj1X TUIIOBA
3arahjuBava Ba3zqyxa ca HEYpPOTOKCHYHUM, KaH-
LIEPOTeHUM U TEpaTOreHUM CBOjcTBUMa. beHseH,
TOJy€eH, €TUI0EH301, KCHJICH U CTUPEH O Cy
JOMHHAHTHA apoOMaTHYHA jeIHCHa Y JIeTo-
HUjCKOM Tacy, KOjU Cy JOKyMEHTOBAaHH U y aepo0-
HUM H aHaepoOHuM ycnoBuMma (Duan et al., 2021).

VYrnpaBibame ACMOHUJCKUM TacoBHMa je
3HAYajaH U3a30B 32 CBE 3eMJbE KOje CE CyouaBajy ca
poOJIeMOM oJyTarama OTIaja Ha aenonuje. Jlerno-
HUJCKH FaCOBH Cy MjeIlIaBHHA racoBa KOjU HACTAjy
y TIPOLIECY Pa3rpa/il-e OPraHCKOT OTIa/Aa Ha IETOo-
Hujama. KBanmmraTuBHO, IETIOHU]CKU rac y BEJIMKO]
Mjepu 3aBucH o1 (a3e pacragama OTaaa yHyTap
nernonuje. OBH racoBH YIJIABHOM C€ CacTOje O
MeTaHa, YIJbeH-INOKCH/A, a30Ta U KHCEOHHKA,
anu Takohe Mory caapaTtH W JpYyre racoBe,
yKJbYuyjyhH M IITETHE CYICTaHIE IMOIMYT CyM-
MOP-BOJIOHUKA W aMOHHU]jaKa. Y CTaOUIM30BaHOM
METaHOTEHOM CTamy, IITO je (da3za oj UHTepeca
U3 MEPCIIEKTUBE CHEPTeTCKOT MCKOPHUIITABAbA,
IJIaBHE KOMITOHEHTE JISTIOHHUjCKOT Taca Cy METaH
(om 40 % no 60 %), yrieH-nquokeun (oxa 35 %
10 50 %), azot (ox 0 % no 20 %), xkuceoHuk (ox

high concentrations of methane and carbon
dioxide, and volatile organic compounds that
are the cause of many unpleasant odours. In
Bosnia and Herzegovina, in the last two de-
cades, the process of building sanitary land-
fills has started with the aim of limiting the
pollutant emissions into the external environ-
ment. However, waste disposal still poses a
threat to human health and the environment
through the generation of landfill gas and
various pollutants (Tansel & Inanloo, 2019)
and poses potential health risks (Zhang et al.,
2021; Marti et al., 2014), as they contain po-
tentially toxic chemical compounds, which
are generated by different chemical, physical
and biological processes of waste decompo-
sition. Landfill gas may also contain trace
compounds such as: aliphatic and aromatic
hydrocarbons, halogenated compounds and
silicon-containing compounds up to a total
concentration of 2000 mg/m?® (Schweigkofler
& Niessner, 2001), as well as other chemical
compounds such as: alkanes, cycloalkanes,
terpenes, alcohols and ketones, sulphur com-
pounds and other compounds (Allen et al.,
1997). Aromatic compounds, the main group
of non-methane hydrocarbons in landfill gas,
are considered one of the most dangerous
types of air pollutants with neurotoxic, car-
cinogenic and teratogenic properties. Ben-
zene, toluene, ethylbenzene, xylene, and sty-
rene were the dominant aromatic compounds
in landfill gas, which were documented under
both aerobic and anaerobic conditions (Duan
etal., 2021).

Landfill gas management is a significant
challenge for all countries facing the prob-
lem of landfill waste. Landfill gases are a
mixture of gases produced in the process of
decomposition of organic waste in landfills.
Qualitatively, landfill gas largely depends on
the stage of waste decomposition inside the
landfill. These gases mainly consist of meth-
ane, carbon dioxide, nitrogen and oxygen,
but can also contain other gases, including
harmful substances such as hydrogen sulphide
and ammonia. In the stabilised methanogen-
ic state, which is the phase of interest from
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0 % no 1 %) u cymnop-sogonuk (ox 50 ppm a0
200 ppm) (Bove & Lunghi, 2006). Jlenonujcku
racoBM UMajy BEOMa IITETaH YTHLAj] Ha )KUBOTHY
CpeJIMHY, KaKo Ha JIOKQJIHOM, TaKo U Ha II00aTHOM
HUBOY. Ha JToKa;THOM HHBOY, I€NIOHH]CKH TaCOBH
MOT'Y M3a3BaTH HENpUjaTaH MUPHUC U JIOBECTH J10
3araljema Basmyxa, IITO MOXKE HEraTWBHO YTH-
LATH Ha 3/]paBJb€ JbYIU U )KUBOTHIA y OKOJIHU-
HU JenoHuje. JlemoHujCKu racoBU MOTy OUTH
IITETHH 32 37]paBJbe JbYAH, TOCEOHO y CIyvajy
BHCOKHX KOHIICHTpAIlMja CyMIIOP-BOJOHHKA KOj€
MOT'Y M3a3BaTy pa3InuuTe PECIUPATOPHE U JIpyTe
37paBcTBEHE Mpooieme. JlenoHIjCKU TaCOBH MOTY
13a3BaTU U JIOKAJIHO 3aral)eme BoJIe U 3eMJbUIIITA,
Jep ce ’UXOBUM €MUTOBAHEM Y 3€MJBUIIITE MOTY
IIPOY3pPOKOBATH MPOOIEMH ca 3aral)emheM Mo3eM-
HUX BOJA.

Ha rmoGasHoM HUBOY, JETIOHUjCKU TaCOBU
JonpuHoce epeKTy cTakieHe Oallre, YuMe ce
noBehaBa I100aTHO 3arpujaBambe M KIMMATCKe
npomjeHe. MeTaH, KOju YMHM BEJIMKH 1O JIETO-
HUJCKHX TaCOBa, rac je ca e)eKToM CTaKJIeHe OarTe
1 UMa oKko 25 myta Behu yTuIlaj Ha 3arpujaBame
arMocepe o1 yribeH-IMoKcH1a. J|ermoHjCKH rac
je panrupan kao Tpehu HajBehu U3BOP TI00ATHUX
aHTPOINOIeHUX EMHUCHja METaHa, OATOBOpaH 3a
ornpuuke 9-12 % tux emucuja y 2005. ronuau
(IPCC, 2007). V Cjenumenum Amepuukum [p-
xaBama (CAJl) nenoHuje YBPCTOr KOMYHATHOT
oTHaja mpeJcTaBibajy Takohe Tpehn Hajsehn an-
TPOIIOT€HU M3BOP €MHCH]ja MeTaHa, ynHehu mpu-
6mmkHO 14.5 % oBux emucuja 'y 2020. rogunau (US
EPA, 2022). ITpema oBOM H3BOpY, EMHCH]E METaHA
ca JIETIOHM]a KOMYHAJHOT OTNajJa Ha MpPOCTOpY
CAI y 2020. rogunu Ouie cy NpHOJIMKHO jel-
Hake eMHCHjU 13 OoKO 20.3 MUIMOHA ITyTHUYKUX
BO3MJIA KOja c€ BO3€ I'OAMHY JJaHa WM EMUCH]U
CO, u3 ckxopo 11.9 mmmona nomahuHcTasa koja
KOpPHCTE EHEPIujy TOKOM jeJTHE TO/IMHE.

Kako O6u ce cMamHO YTUIAj] JETIOHH]CKUX
racoBa Ha XMBOTHY CPEIWHY, IOCTOjH HEKOJINKO
Mjepa Koje ce Mory mpumujeHutu. [a 6u ce ox-
CTPaHWJIM HETATUBHH YTHLIAjH K HEKOHTPOJIMCAHO
IIUPEHE JCNOHUJCKOI raca Ha CaBPEMEHHM
CaHUTApHUM JeNOHHjaMa U3BOJU C€ IUIAHCKO
CaKyIUbambE U CIAJbUBAE Y KOHTPOJIMCAHUM YC-
JIOBUMA y LIWJbY CMambEHha BUXOBE EMHUCH]E Y aT-
Mocepy. C npyre cTpane, IeMOHH]CKU Tac cMaTpa
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the perspective of energy utilisation, the main
components of landfill gas are methane (from
40 % to 60 %), carbon dioxide (from 35 %
to 50 %), nitrogen (from 0 % to 20 %), oxy-
gen (from 0 % to 1 %) and hydrogen sulphide
(from 50 ppm to 200 ppm) (Bove & Lunghi,
2006). Landfill gases have a very harmful en-
vironmental impact, both locally and globally.
At the local level, landfill gases can cause
unpleasant odours and lead to air pollution,
which can negatively affect the health of peo-
ple and animals around the landfill. Landfill
gases can be harmful to human health, espe-
cially in the case of high concentrations of
hydrogen sulphide that can cause various re-
spiratory and other health problems. Landfill
gases can also cause local water and soil pol-
lution, because their emission into the soil can
cause problems with groundwater pollution.

Globally, landfill gases contribute to the
greenhouse effect, increasing global warming
and climate change. Methane, which makes
up a large part of landfill gases, is a green-
house gas and has about 25 times more in-
fluence on atmospheric warming than carbon
dioxide. Landfill gas is ranked as the third
largest source of global anthropogenic meth-
ane emissions, responsible for approximately
9-12 % of these emissions in 2005 (IPCC,
2007). In the United States of America (USA),
municipal solid waste landfills are also the
third largest anthropogenic source of methane
emissions, accounting for approximately 14.5
% of these emissions in 2020 (US EPA, 2022).
According to this source, methane emissions
from municipal waste landfills in the USA in
2020 were approximately equal to the emis-
sions from about 20.3 million passenger ve-
hicles driven for a year or the CO, emissions
from nearly 11.9 million households using
energy for a year.

In order to reduce the environmental im-
pact of landfill gases, there are several mea-
sures that can be applied. In order to elimi-
nate the negative impact and the uncontrolled
landfill gas dispersion at modern sanitary
landfills, planned collection and incineration
are carried out under controlled conditions in
order to reduce their emissions into the at-
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ce 0OHOBJPMBOM €HEPIHjOM KOja MOXKE 3aMUjeHH-
TH PocuiHa ropuBa. Mory ce pa3BUTH H TNPH-
MUjEHUTH TEXHOJIOTH]e 3a peuniIhaBame Jerno-
HUJCKHX racoBa, mTo oMoryhaa kopumheme
BUXOBE CHEPTeTCKE BPUJEIHOCTH (TpHjame,
TOILIa BOJa, CTPyja, TOPHBO y BO3UIHNMA)
(Bicheldey & Latushkina, 2010; Sisani et al.,
2016).

EBponcka koMucHja ycBOjuiIa je OUPEK-
tuBy 31/1999/CE mo k0joj je cakympame H
criaJbUBame Ha OaKJbM 00aBE3HO, IPETIOpydyjyhu
Kopuithewme eHepruje oBOr raca. AKO HUMa
TOIJIOTHY BpHjenHOCT o1 oko 18 MJ/Nm?, oBaj
rac MOXe c€ UCKOPUCTHTH 32 T0OHjarmbe TOIUIOTE
W/WIIH eJIEKTPUYHE CHEpruje.

Y bocHu u XepueroBWHH, yNpPaBJbamkbe
JIEMIOHU]CKUM TracoOBHMMa MpeICcTaBba M3a30B, C
003MpOM Ha TO J1a Cy MHOTE JIeTIOHH]e HeypeheHe
U HEaJeKBATHO ONPEMJbEHE 3a CAKYNJbambe U
npeuuninhaBame racoBa. ¥ TOM CMHCITY, TOTPeO-
HO j€ YJIOXKUTH Harope y pa3Boj CHCTeMa 3a YII-
paBJbamke JEMOHM]CKUM TaCOBUMA U 00e301]e/1u-
TH oAroBapajyhy uHGpacTpyKTypy 3a OBy BPCTY
TEXHOJIOTHje KaKo OM ce CMamHO HEeraTHBHU
yTHIIa] IETIOHUJCKUX racoBa Ha KUBOTHY cpe-
nuny. Takole, BayKHO je 1a ce CMambu KOJIMYMHA
OpPraHCKOT OTMaja Koja ce OJIake Ha JIeTo-
HHU]Jy, Kako OW ce cMamuja eMHCHja METaHa.
VY Ty cBpXy, noTpeOHO je noactahu nmpumjeHy
JIpYrUX METOJa 3a yIpaBJbalkbe OPraHCKUM OT-
MaJI0M, OMYT KOMIOCTHPAaha MIIA IPOU3BOIHHE
6uoraca.

[lum oBOT panxa je na YTBPAM cacTaB
JETOHUJCKUX TacoBa TOKOM ITOCMaTpaHOT
nepuosia, Ka0 M MMHUCHOHE KOHIIEHTpAIHje
aeporiojyTaHaTa Kako O ce IPOIHMjeHUO YTHUIIA]
nernonuje ,,Lpau BpXx*“ koa 3BOpHUKA HA KBaJIH-
TET Ba3ayXxa.

MATEPUJAJIA U METOJIE
HcTpaxuBaHo moapyyje

Jlokanuja nenoHuje ce Hajda3u HeOCPEaHO
MCIOJT ICTOMMEHOT TipeBoja Llpuu BpX, y nonu-
HU nujeBe nputoke LlpHor moroka. YnasseHa
je on uentpa 3BopHuka oko 20 km u Hamaszm
ce y OJIM3WHU MArucTpPaJHOT IMyTa 3BOPHUK —
Ty3ma (Ca. 1). Y Gnmk0j OKOJTMHU HEMa HaceJba.
Jlokanujy IenoHuje OAPEANIH CY MPEICTaBHUIIH
JIOKaJIHE BiacTh 3BOpHUK. HajMopcka BUCHHA

mosphere. On the other hand, landfill gas is
considered a renewable energy that can re-
place fossil fuels. Technologies for the pu-
rification of landfill gases can be developed
and applied, enabling the use of their energy
value (heating, hot water, electricity, vehicle
fuel) (Bicheldey & Latushkina, 2010; Sisani
et al., 2016).

The European Commission adopted direc-
tive 31/1999/CE, according to which the col-
lection and flaring is mandatory, recommend-
ing the use of energy from this gas. If it has a
calorific value of about 18 MJ/Nm?, this gas
can be used to obtain heat and/or electricity.

In Bosnia and Herzegovina, landfill gas
management is a challenge, given that many
landfills are unorganised and inadequately
equipped for gas collection and purification.
In this sense, it is necessary to invest efforts
in the development of landfill gas manage-
ment systems and to provide appropriate
infrastructure for this type of technology in
order to reduce the negative environmental
impact of landfill gases. Also, it is important
to reduce the amount of organic waste that is
disposed of in the landfill, in order to reduce
the emission of methane. For this purpose, it
s necessary to encourage the application of
other methods for organic waste management,
such as composting or biogas generation.

The aim of this paper is to determine the
composition of landfill gases during the ob-
served period, as well as the emission concen-
trations of air pollutants in order to assess the
air quality impact of the “Crni vrh” landfill
near Zvornik.

MATERIALS AND METHODS
Research Area

The landfill is located directly below the
eponymous Crni vrh pass, in the valley of the left
tributary of Crni potok. It is about 20 km away
from the centre of Zvornik and is located near the
main road Zvornik — Tuzla (Fig. 1). There are no
settlements in the immediate vicinity. The landfill
location was determined by representatives of the
Zvornik local government. The altitude of the
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peruonanHe nenonuje ,,Llpau Bpx“ je ox 365.00
m H. B. (koTa HOXkule Hacuna) 10 395.00 m H.
B. (korta kpyHe Hacuma — II dhaza usrpaame). Mc-
TpakHO MOIpyYje Mpunaaa OpexybKacTo-0pao-
BUTUM TE€PEHHMa UCTOYHOT nujerna PemyOmmke
Cprcke. [ToBpmnaa My je nu3dpazaana OpojHUM
MOTOIMMA U japyrama usmely Kojux ce Hajase
Opna unu uszayxkene Opacke kocune. Mcrpa-
JKUBAaHM TEpPEH ce Hanaszu y rpanunama 300 m
10 500 m H. B. (Lpuu Bpx 500 m; JpeHoBuk
490.4 m).

“Crni vrh” regional landfill ranges from 365.00
m a. s. L. (elevation of the embankment toe) to
395.00 m a. s. 1. (elevation of the embankment
crown — II phase of construction). This research
area belongs to the hilly terrain of eastern
Republic of Srpska. Its surface is furrowed by
numerous streams and ravines between which
there are hills or elongated mountain slopes.
The research terrain is located between 300 m
and 500 m a. s. 1. (Crni vrh 500 m; Drenovik
490.4 m).

C. 1. I[IpocTopHu mosioxaj caHutapHe jaernonuje ,,[{pan Bpx*
Fig. 1. Spatial location of the “Crni Vrh” sanitary landfill

CannrapHa peruoHanHa nenonuja ,llpHu
Bpx“ ko1 3BOpHHKA moyena je ca pagom 2017.
roauee. M3rpagmom oBe JIEMOHU]e PHjEeIIeHO je
MMTakE OJyIarama OTnaia u3 7 ommruHa y Pemyo-
mui Cprickoj (3BopHuk, bparynan, Brnacenua,
Munuhu, Ocmaru, Cpedbpennna u lllexoBuhn),
kKao u aBuje ommutHHe y Penepaunju bocue n
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“Crni vrh” sanitary regional landfill near
Zvornik started operating in 2017. The con-
struction of thi s landfill solved the issue
of waste disposal from 7 municipalities in
the Republic of Srpska (Zvornik, Bratunac,
Vlasenica, Mili¢i, Osmaci, Srebrenica and Se-
kovi¢i), as well as two municipalities in Fed-
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Xepuerosune (Kanecuja u Camna). Ommruna
Kusunune y @enepanuju bocue n Xeperonu-
HE Takol)e IPUBPEMEHO KOPHUCTU OBY JECTIOHHU]Y
3a oJyTarame OTIAIA.

JlermoHMja pacroaxe YKyITHOM MTOBPIIMHOM
011 69 ha (ox Tora 4.8 ha oTnaga Ha THjeJ0 JAemo-
HHje, a OCTaTaK Ha 3aIllITHUTHHU 110jac), KarmauTeTa
40000 t roqumme 3a nepuoy ox 20 roguHa. OBa
JIETIOHW]a Haa3u ce y ONM3UHM CTape JIENOHHU]e
»LIpHH BpX* Koja je Ousia BETUKHU EKOJOLIKH
po0OJieM Y OBOj peruju, 300T JIOIIET yIpaBJbamba
ormagoM. HoBa canuTtapHa nenonuja u3rpahena
je y CKIIaay ca €BpOICKUM CTaHAapANMA, TaKo
71a 33710BOJbaBa CBE MOTpPeOHE KpHUTEPHjyMe 3a
omgnaramwe otnaaa. IIpema momamuma JII ,,Pe-
THOHAJIHA JICTIOHHUja‘ 3BOPHUK, Ha OBy CAHUTApHY
nernoHujy je y Toky 2020. ronuHe IemoHOBaHO
18349.67 t kOMyHaTHOT YBpPCTOTr OTHAja ILTO
npejacTaBiba mpocjexk o 58.81 t mo nmany u
cMameme y onHocy Ha 2019. roguny on Hemy-
Hux 8 %.

OBa caHuWTapHa JACMOHHja TPEACTaBIbA
3HayajaH KOpak y pjemaBamy mnpolieMa HEoI-
roBapajyher ympaBibama OTIIAJIOM y PETHjH, a
HEHUM KOpHIITNEHEM CMambyje Ce EMUCH]a IITEeT-
HUX TacoBa y Ba3llyX, Kao U 3arahuBame BOJE U
3emspuinTa. Ha aenonuju je msrpalhena canmu-
tapHa henuja 3a ofuiarame oTnaaa (MocTaBbeHa
je HenponycHa HDPE ¢onuja Ha nmoBpmuHu
ox 42000 m?), a 3anmpeMuHa aKTUBHHUX henudja
je 687000 m*® (MuHHCTapCTBO 3a MPOCTOPHO
ypeheme, rpaeBuHapCcTBO U eKoorHjy Pemyomu-
ke Cprcke, 2020). Cucrem 3a eracudukanujy je
MIACUBHOT THUMa ca OyHapuMa 3a Jieracu(ukarmjy,
a IpoljeIHa BoJa Ce PELUPKYJIHIIE Ha ACTIOHHU]Y,
Kao IITO je MpeABH)EHO €KOJIOIIKOM J03BOJIOM.
Jlenonuja mocjeayje 1aryHy 3a IpoIjeHe BOJIE
y K0jOj ce BpIIIK OMOJIOIIKO MpodnirhaBame mpo-
1jeHuX Boja. Takohe, oBa JAeToHrja uMa u cioje-
BUTHU CUCTEM OJylarama OTIaja, KOju je OCMUIII-
JbEH TaKO Ja crpujedn 3araheme 3eMIbHIITA U
noa3eMHHUX Boja. CBe OBE aKTHBHOCTH JIOTIPH-
HU]jeJe Cy CMambehy EMUCH]E IITETHUX racoBa U
yHanpehemy ynpaBibamba OTHAZ0M y PErHoOHY,
IITO je TIO3UTHBHO YTHIIAJIO HA )KUBOTHY CPEIANHY
U 3[IpaBJbe JbYIU y OBOM Mopyyjy. Mnak, mporiec
neracu(uKaiyje IenoHuje je BPJIO OCjeT/bUB H
3aXTHjeBa CTAITHO Mpahemke KBATUTETE Ba3ayxa U
racoBa KOju HacTajy pa3rpajmboM OTHaja.

eration of Bosnia and Herzegovina (Kalesija
and Sapna). Zivinice municipality in Federa-
tion of Bosnia and Herzegovina also temporar-
ily uses this landfill for waste disposal.

It has a total area of 69 ha (out of which
4.8 ha are occupied by the landfill body, and
the rest by the protective belt), with a capacity
of 40000 t per year for a period of 20 years.
This landfill is located near the old “Crni
vrh” landfill, which was a major environmen-
tal problem in this region, due to poor waste
management. The new sanitary landfill was
built in accordance with European standards,
so it meets all the necessary waste disposal
criteria. According to the data of JP “Regional
Landfill” Zvornik, 18349.67 tons of munici-
pal solid waste were deposited at this sanitary
landfill in 2020, which represents an average
of 58.81 t per day and a decrease compared to
2019 of less than 8 %.

This sanitary landfill represents a signifi-
cant step in solving the problem of inadequate
waste management in the region, and its use
reduces the emission of harmful gases into the
air, as well as water and soil pollution. A san-
itary cell for waste disposal was built at the
landfill (impervious HDPE film was installed
on an area of 42000 m?), and the volume of
active cells is 687000 m* (MuHucTapcTBO
3a mMpocTopHO ypeheme, rpaheBuHApPCTBO H
exosorujy Pemybnuke Cprcke, 2020). The
degassing system is of the passive type with
degassing wells, and the leachate is recirculat-
ed to the landfill, as required by the environ-
mental permit. It has a leachate lagoon where
biological purification of leachate is carried
out. Also, this landfill has a layered waste dis-
posal system, which is designed to prevent soil
and groundwater pollution. All these activities
have contributed to the reduction of harmful
gas emissions and the improvement of waste
management in the region, which has had a
positive effect on the environment and human
health in this area. However, the landfill de-
gassing process is very sensitive and requires
constant monitoring of the quality of air and
gases generated by waste decomposition.
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Mjecra 3a y30pKoBame

Y mmpy npahema emucHje IETOHH]CKUX
racoBa ca IpeIMETHE JICTIOHH]€ U3BPIIEHO j€ T3B.
,,CEKBEHTHO y30pKOBame”, Tj. Y30PKOBamE HC-
MyCHOT Taca, P YeMy CE aHaji3a UCTOT M3BO-
TV Ha W3J1a3y racHor OyHapa (rmepdopupana PVC
1IMjeB) KOjU OABOJM NEMOHUJCKH Tac U3 THjena
JICTIOHHjCKE CAHUTAPHE KaceTe. Y CPEIHINTY JeTo-
HUje HacTaje HaJIpUTHCAK, Ma JACTIOHU]CKH Trac
MIPEKO BEPTUKAIHUX OBOJA MPEIA3U Y OKOJIUHY
(Bazmyx). Cuctemu 3a €KCTPAKIH]y JACTIOHU]CKOT
raca u3 THjela JISTOHH]e CacToje ce OJ] BepTUKAI-
HUX M XOPHU30HTAJHUX TacHUX OyHapa (31eHa-
na). Beprukanau Oynapu cy nepdopupane PVC
jeBu npomjepa 110 mm, mocraBibeHe y camoj
¢a3u u3paze nenonHujckux kacera. OBu OyHapu
TPEHYTHO CITy’Ke 3a Jieracu(PuKaIujy oI0KeHOT
OTIa/1a, a HAKOH oipel)eHor neproza (1o 3aBpIIeT-
Ky MeTaHoreHe aHaepoOHe (asze aerpaaanuje)
MOBE3Yjy C€ XOPU30HTAIHUM LI1jeBUMA.

Mjepema HMMHUCHJCKUX KOHIEHTpAIUja
pENeBaHTHHX MOKa3aTesha KBAMTETA Ba3IyXa H3Bp-
IIeHa Cy Ha caMoj JICTIOHM]jH (Ha TIaToy TOope/ Hal-
CTpEIIHUIIE 32 cMjerTame Mexanusaje) (Ci. 2).

Sampling Locations

In order to monitor landfill gas emis-
sions from the landfill in question, the so-
called “sequential sampling”, i.e. exhaust gas
sampling was conducted, where the analysis is
performed at the exit of the gas well (perforated
PVC pipe) that drains landfill gas from the body
of the landfill sanitary cassette. The over-pressure
occurs in the center of the landfill, so the landfill
gas passes into the environment (air) via vertical
drains. Systems for extracting landfill gas from
the landfill body consist of vertical and horizontal
gas wells. Vertical wells are perforated PVC pipes
with a diameter of 110 mm, installed in the very
stage of landfill cassette construction. These wells
are currently used for the degassing of disposed
waste, and after a certain period of time (after the
completion of the methanogenic anaerobic degra-
dation phase) they are connected with horizontal
pipes.

Measurements of immission concentrations
of relevant air quality indicators were performed
at the landfill itself (on the plateau next to the
canopy for the placement of machinery) (Fig. 2).

Cx. 2. Carenutcku cauMak jtokamuje (Google Earth canmak)
Fig. 2. Satellite image of the location (Google Earth image)
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Merone Mjepema

Y uuiby Mjepema eMHUCH]e JETMOHHU]CKUX
racoBa Ha JenoHuju ,,l{pHu Bpx“, y mepuoay
ox asrycra 2022. rogune no mapra 2023. ro-
JIUHE, U3BPIICHA CYy Mjeperma JeIHOM MjeCEeUHO
u To cibeaehux mapamerapa: KUCEOHUK, METaH,
YIJbEH-TUOKCUT i CyMIIOP-BOJIOHUK. 32 MjepeHhe
TeMIepaType U MPOTOKa racoBa KOpHUIIIheH je BU-
mepyHKIIMOHATHN aHaIu3aTop racosa Testo 325
KOjU paau Ha 0a3u eJEeKTPOXEMH]CKHX CEH30pa
(Cn. 3). donarHo, xopumthen je Driger X-am
2000, mpeHocuBH ypehaj onpemMIbeH CeH30pruMa
3a Mjepeme crnenupuunux (H,S, CO, O,) u
3anaspuBUX/ekcIuio3uBHUX racosa (CH,) xoju ce
MIPOJIYKY]y Y OMACHOj CPEIUHH.

Measurement Methods

In order to measure landfill gas emissions
at the “Crni vrh” landfill, in the period from
August 2022 to March 2023, measurements
were made once a month of the following pa-
rameters: oxygen, methane, carbon dioxide
and hydrogen sulphide. To measure tempera-
ture and gas flow, Testo 325, a multifunction-
al gas analyser, was used, which works on the
basis of electrochemical sensors (Fig. 3). Ad-
ditionally, the Driger X-am 2000, a portable
device equipped with sensors for measuring
specific (H,S, CO, O,) and flammable/explo-
sive gases (CH,) generated in a hazardous en-
vironment, was used.

Cn. 3. Ananmmzatop racosa Testo 325
Fig. 3. Testo 325 gas analyser
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Y mwpy onapehuBama KBamuTeTa aMOUjEH-
TAJTHOT Ba3dyXa Ha MCTPa)KUBAHOM IPOCTODY, Y
nepuony on 15. aBrycra 2022. no 31. mapra 2023.
TOJIMHE, U3BPIICHA CYy KOHTHHYHPaHa CBaKOIHEBHA
Mjepema cibeiehux mapameTapa: yribeH-MOHOKCHIA
(CO), cymmnop-muoxcuna (SO,), ozona (O,), a30THUX
okcuma (NO, NO,, NO,), ykymaux neonehux dec-
tiua (YJI4), nedbnehux yectuna (PM, ), ykynHux
yriboBozioHrka (THC), merana (CH,) 1 Hemeran-
ckux yriboBosionnka (NMHC).

MOHHUTOPHUHT KBaJIMTETa Ba3ayXa U3BPIICH je
MOKPETHOM EKOJIOIIKOM JIA00PaTOPHjOM OIPEeMIbe-
HOM 0/IroBapajyhum aHamatoprMa U y30pKHBadeM
(Cn. 4). 3a onpehuBame HIBoa SO, y OKOJIHOM Bas-
IyXy KopuIlheHa je MeToaa yITpaBuosieTHe (uryo-
pecuenmmje (BAS EN 14212:2013), mjepeme a3ot-
HHX OKCHJIa U3BPILICHO j€ XEMITyMHHHUCIICHIIN]OM
(BAS EN 14211:2013), yribeH-MOHOKCH/Ia HE/IUC-
TIEpP3UBHOM MH(PAIPBEHOM crieKTpockorjoM (BAS
EN 14626:2013), a 030Ha yATpaBUOJIETHOM (POTO-
merpujoM (BAS EN 14625:2013). Ananuzarop 3a
Mjepermhe YKYITHUX YTJBHKOBOJIOHUKA M METaHa KO-
PHCTH IIaMEHO MOHH3AIIM]CKY METOMY, a TpaBUMe-
TPHUJCKU Y30pPKHMBa4 YKYITHUX YBPCTUX YECTHUIIA U
PM,, cranpapiHy rpaBuMerpujcky metomy (BAS
EN 12341:2015) (Cn. 5).

Ca. 4. Anamuzatop HORIBA JAPAN
Fig. 4. HORIBA JAPAN analyser

In order to determine the ambient air qual-
ity in the investigated area, in the period from
August 15, 2022 to until March 31, 2023, con-
tinuous daily measurements of the following
parameters were carried out: carbon monoxide
(CO), sulphur dioxide (SO,), ozone (O,), ni-
trogen oxides (NO, NO,, NO,), total suspend-
ed particles (TSP), suspended particles (PM,,),
total hydrocarbons (THC), methane (CH,) and
non-methane hydrocarbons (NMHC).

Air quality monitoring was carried out by a
mobile environmental laboratory equipped with
appropriate analysers and a sampler (Fig. 4).
The ultraviolet fluorescence method was used
to determine the level of SO, in the surround-
ing air (BAS EN 14212:2013), nitrogen oxides
were measured by chemiluminescence (BAS EN
14211:2013), carbon monoxide (CO) was mea-
sured by non-dispersive infrared spectroscopy
(BAS EN 14626:2013), and ground-level ozone
by ultraviolet photometry (BAS EN 14625:2013).
The analyser for measuring total hydrocarbons
and methane uses the flame ionization method,
and the gravimetric sampler for total solid parti-
cles and PM, , uses the standard gravimetric meth-
od (BAS EN 12341:2015) (Fig. 5).

Cn. 5. I'paBUMETpHjCKH Y30pPKHBAY

YKYITHHX 4BpCTHX decTuria u PM |

Fig. 5. Gravimetric sampler of total
solid substances and PM |
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PE3VIITATU 1 AUCKYCUJA

KBanuTer 1 KBAaHTUTET JAETIOHU]CKOT raca Imp-
BEHCTBEHO 3aBHUCE O] CACTaBa M CTAPOCTH OTIA/a,
a 3aTUM OCTaNINX (PaKTOpa Kao IITO Cy: IPUCYCTBO
Y KOJIMYMHA KUCEOHUKA y NIETIOHU]JU, CaapiKaja
BJIare, KMCEJIOCTH, METEOPOJIOIIKUX MapaMeTapa
(Temmieparypa, TagaBUHE, aTMOC(EPCKHU MPUTHCAK
U BJIQXHOCT Ba3/lyXa) U MpaKce yIpaBibamba Jero-
HHJOM (cTereHa cabujama 1 Ae0JbUHE PEKPUBEHOT
cnoja). Hajeehu quo nernonujckor raca ¢opmupa ce
OaKTEPHJCKOM Pa3rpaiE-OM OPraHCKOT OTIIA 1A, TAKO
J1a KOJIMYMHA TeHEPUCAHOT Taca 3aBUCH O KOJIHU-
YHMHE OPraHCKOT OTNaja y aenonuju. [Iponssoama
JICTIOHU)CKOT' raca MOYUIbEe Y POKY O]l HEKOJIUKO
Mjecelld HaKOH ojjiarama OTMajga M YIIIaBHOM
Tpaje OKO JeCeT TOJ1HA WM BUILE, Y 3aBUCHOCTH
OJ1 cacTaBa OTIIa/Ia M JOCTYITHOCTH Biare. [ ouimba
MIPOU3BO/IEHA YITIABHOM JIOCTHKE CBOj MAaKCUMYyM
TPH JI0 OCaM TO/JMHA HAKOH JICTIOHOBaa. Y CBjekKe
OJUIO’KEHOM OTIAAy MOYUE-E¢ aepoOHa Jierpaja-
1yja oThaja noj yTHajeM aepoOHHX MHKpPOOp-
raHu3ama M Tpaje cBe JOK MMa JOCTYITHOI KHCeo-
Huka. Bpujeme Tpajama aepoOHOT mporieca 3aBucu
0J1 KOJIMYMHE 3apO0JbEHOT KMCEOHHKA y Iopama
THjeJ1a ICTIOHM]€ Kao My CAMOM OTIa/Yy, O]l CTEeNeHa
30MjE€HOCTH OTIIa/1a, T¢ 07 Op3UHE NMPEKpPHUBamba OT-
rajia THEBHUM IpeKpuBHUM ciojeM. Kana ce caB
KHCEOHUK MOTPOILH MTOYMIHE MPOIYKIMja METaHa.
Kommunna omokeHor OHOpasrpauBOr OTIaaa
JMPEKTHO YTUYE HA HACTAHAK JICTIOHH]CKUX IacoBa
1 OpOJHUX IOJyTaHAaTa KOjU yTH4YYy HA KBAJIUTET
Ba3lyxa y okoiuHu aenonuje (Mor et al., 2006).
HupextuBa Casjera EY 1999/31/EC nocraBuna
j€ cTpareruje 3a CMamemhe oJylarama Onopasrpa-
JIMBOT OTTIaJIa Ha ICTIOHH] €, Ca IIIJBEM CIIpeUaBarbha
WM CMamberba OMII0 KaKBUX INTETHUX YTHIaja Ha
xuBoTHY cpeauny (CEC, 1999).

JleroHujcku rac koju caapxxu oko 45-55 %
MeTaHa MOXe ce yOAITH Y MPEeXKY IHjEBH 3a IPH-
KyIlJbakhe raca U KOPUCTUTH Kao U3BOP €HEpruje.
C npyre cTpaHe, HEKOHTPOJIUCAHUM UCITYIITaEkheM
JICTIOHH]jCKOT raca rnosehasa ce emucuja racoa ca
e(eKTOM CTakjIeHe OalTe KOju HEraTUBHO yTUUY
Ha HMBOTHY CPE/IUHY.

JlemoHuje ce MoOry mocMarpaTH Kao
MIOCTPOjeHba 3a IpeTBapame Ororaca y eneKTpuy-
HY €HEprHjy, 1 HE caMo J1a TOKPUBA]y YHYTpAIby

RESULTS AND DISCUSSION

The quality and quantity of landfill gas
primarily depends on the composition and age
of the waste, and then on other factors such as
the presence and amount of oxygen in the land-
fill, moisture content, acidity, meteorological
parameters (temperature, precipitation, atmo-
spheric pressure and air humidity), and landfill
management practices (degree of compaction
and thickness of the covered layer). The great-
est part of landfill gas is generated by bacterial
decomposition of organic waste, so the amount
of generated gas depends on the amount of or-
ganic waste in the landfill. Landfill gas gen-
eration begins within a few months of waste
disposal and generally lasts about ten years
or more, depending on the composition of the
waste and the availability of moisture. Annual
generation generally peaks three to eight years
after deposition. In freshly deposited waste,
aerobic degradation of waste begins under the
influence of aerobic microorganisms and con-
tinues as long as there is available oxygen. The
duration of the aerobic process depends on the
amount of trapped oxygen in the landfill body
pores as well as in the waste itself, on the de-
gree of waste compaction, and on the speed of
covering the waste with a daily covering layer.
When all the oxygen is used up, methane gen-
eration begins. The amount of disposed biode-
gradable waste directly affects the generation
of landfill gases and numerous pollutants that
affect the air quality in the vicinity of the land-
fill (Mor et al., 2006). EU Council Directive
1999/31/EC set out strategies to reduce the dis-
posal of biodegradable waste in landfills, with
the aim of preventing or reducing any adverse
environmental impact (CEC, 1999).

Landfill gas containing about 45-55 %
methane can be fed into a network of gas col-
lection pipes and used as an energy source.
On the other hand, the uncontrolled release of
landfill gas increases the emission of green-
house gases that have negative environmental
impacts.

Landfills can be seen as plants for con-
verting biogas into electricity, and they not
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MOTPOIIKY 00jeKTa, Beh U TONMpUHOCE EHEpreT-
ckoj mpexH (Karapidakis et al., 2010; Yechiel &
Shevah, 2016). IIpema Themelis u Ulloa (2007)
on 2001. romuHe OmiI0 je oko 955 nermonuja Koje
Cy cakyIbaie Ouorac WiM JOeMOHHjCKH rac, a
Hajeehu 6poj je y CA/L, 3atum y themaukoj u Vije-
mumeHoM KpasseBcTBy. Kopuntheme nemonmjckor
raca Kao ropuBa 3a MPOHM3BOAY CIEKTPHUHE H
TOIUIOTHE €HEepruje MoXke OMTH Ba)kKaH HAYMH 3a
CMambCH-E YTHUIIAja ICTIOHN]e HA )KUBOTHY CPEIHY
Y MIPEJICTaBJba jeTHOCTaBaH HAuYMH KOpHUIITherma 00-
HOBJBbMBOT m3BOpa eHepruje (Desideri et al., 2003;
Kumar et al., 2004).

Pesynratu Mjepema emucHje NETMOHU]CKOT
raca ca BUCOKMM IPOLIEHTOM IIPUCYTHOI KHUCEO-
HUKa, KOju ce Kpehe y pacniony ox 16.38 % mo
19.46 %, mokasyjy na je Ha MjecTy Mjepema
MPUCYTaH CBjeKe OJIONKEHHU OTMala Y KOjeM je
JIOMUHAHTaH aepoOHM mpolec pasrpaame. To
MOTBplyjy HHUCKE KOHIICHTpAIHMj€ YIJbEH-IHOK-
cHJia KOjH je MPUCYTaH Y KOHICHTPALMjU Mamb0j
on 1 %, kao u Merana y pactiony ox 3.5 % no 4.1
% (Tab. 1). Hucke BpHjeqHOCTH METaHa YKazyjy
Jla ce joIl HUCY CTEKIH YCIIOBH 33 FhUXOBO €HEp-
T'eTCKO UCKOpUIThaBame.

CyMIop-BOJJOHUK (BOJOHUK-CYN(UI), KOjU
Jj€ TI03HAT MO0 CBOM HEYIOJAHOM M MHTEH3MBHOM
mupHucy, kpehe ce y pacriony ox 8.0 % 10 9.2 %.
CyMIop-BOJIOHHK j€ 3aIajbyB, EKCIIO3UBaH 0e3-
00jaH rac, KOju y MalluM KOHIEHTpaIlfjaMa uMa
MHUPHC ITOKBAPEHUX jaja.

only cover the internal consumption of the
facility, but also contribute to the energy net-
work (Karapidakis et al., 2010; Yechiel & She-
vah, 2016). According to Themelis and Ulloa
(2007), as of 2001, there were about 955 land-
fills that collected biogas or landfill gas, the
largest number being in the USA, followed by
Germany and the United Kingdom. The use of
landfill gas as fuel for the generation of elec-
tricity and heat can be an important way to re-
duce the environmental impact of landfill and
is a simple way of using a renewable energy
source (Desideri et al., 2003; Kumar et al.,
2004).

Measurement results of the emission of
landfill gas with a high percentage of oxygen
present, ranging from 16.38 % to 19.46 %,
show that there is freshly deposited waste at the
measurement site, in which the aerobic decom-
position process is dominant. This is confirmed
by low concentrations of carbon dioxide, which
is present in a concentration of less than 1 %, as
well as methane in the range of 3.5 % to 4.1 %
(Tab. 1). Low values of methane indicate that
the conditions for their energy utilisation have
not yet been achieved.

Hydrogen sulphide, which is known for
its unpleasant and intense odour, ranges from
8.0 % to 9.2 %. Hydrogen sulphide is a flam-
mable, explosive, colourless gas, which in
small concentrations has the smell of rotten

eggs.

Ta6. 1. Pesynratu Mjepera eMucHje ICTIOHN]CKOT Taca Ha JIOKaluju nenonuje ,,L{pau Bpx*“y
nepuoay on asrycra 2022. no mapta 2023. rogune
Tab. 1. Results of landfill gas emission measurements at the “Crni vrh” landfill site in the period
from August 2022 to March 2023

Iepuon mMjepema / Measurement period 0, (%) (‘Vgljzgl_ (‘%():)(3/201. (pH;i)
Asryct / August 19.46 4.11 0.88 9.22
Centembap / September 18.12 3.98 0.87 9.14
OxTtobap / October 18.04 3.94 0.79 9.06
Hosembap / November 18.01 391 0.80 9.08
Jenembap / December 17.71 3.54 0.78 8.79
Janyap / January 16.38 3.88 0.71 8.55
®ebpyap / February 17.21 3.74 0.69 8.02
Maprt / March 17.16 3.65 0.62 8.00
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[To3Haro je na IenoHUje eMUTYjy U Jpyre
aepononyTtanTe. /lenonuje cy uaeHTuduKoBaHe
Kao olacaH W3BOp 3araljuBaua Bazayxa mpema
Crpateruju 0 TOKCHYHOCTH Bazayxa y ypOaHUM
cpearHaMa AMepUYKe areHIuje 3a 3alITUTy KH-
BOTHE CpeauHe. Y IIJbY YTBphUBama caapxkaja
3araljyjyhux marepuja y Ba3ayXy Ha JIOKaluju
peruoHaiHe caHuTapHe AenoHuje ,,l{pHu Bpx*,
BPLIEHO je KOHTUHYHPAHO Mjeperbe KBaJIUTETa Ba3-
nyxay nepuony ox 15. aBrycra 2022. no 31. mapra
2023. ronune. V3BpIIIeHO je Mjeperhe MMHUCHOHUX
KOHIICHTpallja YeCTUlla rnpamute Mamwe o 10
um (PM,,), Mjeperme IMUCH]CKUX KOHIIEHTpaIHja
SO,, NO, NO,, NO_, CO, O,, THC, NMHC u CH,
(Ta6. 2).

PM ce cTBapajy Ha AenoHHjaMa Kao pe3ynrar
JbYICKUX JIejCTaBa MEXaHUIKUM TIPOIIECHMa KOJU
YKJbYUY]y COpTUpame, Oalame 1 cabujame oTnaaa
OynoxepuMa, HarOMUJIABALE 3eMJbE U KPETarhe
BO3WJIa TIPEKO MPETXOTHO JCTTOHOBAHOT OTIaja
(Salami & Popoola, 2023; Choi & Fernando,
2008). umeH3uje yecTHIa NPUCYTHHX y aT-
Mochepu o0yxBarajy mupok ooum, oa 0.002 um
70 100 pm, a yecTulie aepoIMHAMUYHOT IPEYHUKA
10-100 um Ha3uBajy ce ykymae nedaehe yecture
(Chow & Watson, 2002). PM ce Mory noaujenuTu
y TpU TpyIle Ha OCHOBY BEJIMUYHHE: Tpyda (pax-
[I1ja ca aepOTMHAMHYKUM IPEYHUKOM MAFbUM OJI
10pum (PM,,) xoja ce popmupa kazna ce Behe uBp-
CT€ uecTHIIe pa3dujy MexaHn4ky; puHa dppakiyja
ca aepoAMHAMHYKHIM IIPEYHUKOM n3mehy 2.5 pm u
10 um (PM, ;) koju ce npeteskHo GopMHpajy Of ra-
COBa; 1 ynTpadue (ppakiyje ca aepoaAMHAMUIKIM
MPEYHUKUMA y OTICETy MAmbUM Of1 2.5 Um U MambUM
on 0.1 pm (PM, ) koju HacTajy Kao pe3yJsiTar HyK-
nearmje (Salami & Popoola, 2023). V PemnyGnu-
1 Cprckoj ¢y Ypendom o yciaoBHMa 3a MOHH-
TOPUHT KBanuTeTa Bazayxa (CioyxOeHH IIacHUK
PenyOnuke Cpricke, 6poj 124/12) ykynHe Tanox-
He MaTepHje 1eHHUCAHE Ka0 YECTHUIIe TIPEUHIKA
Beher on 10 um, xoje ce yciben CONCTBEHE Te-
KMHE TPEeHOCce M3 Ba3/lyXa Ha pa3He MOBpPILUHE
(3emubHIIITE, BETETaIlM]ja, BOJa, Tpal)eBuHE U Ap.).
TanoxxHe decTuile cMaTpajy ce HajMame pU3UY-
HUM, jep He MOTy JonpujeTu AyOoko y riyha Hu
JaJIeKO OJ1 U3BOpA €MHCH]e, aJIH JI0 HEraTUBHOT
yTHIIaja IO 3APaBJbe M3JI0KEHOI CTAHOBHHUIITBA
unak Moxe nohu yciben moryhe aupexTHe uH-

Landfills are known to emit other air pol-
lutants as well. They are identified as a haz-
ardous source of air pollutants by the United
States Environmental Protection Agency Ur-
ban Air Toxics Strategy. In order to determine
the content of air pollutants at the ”Crni vrh”
regional sanitary landfill location, continuous
air quality measurements were carried out in
the period from August 15, 2022 to March
31, 2023. The immission concentrations of
dust particles smaller than 10 um (PM,,) were
measured, the immission concentrations of
SO,, NO, NO,, NO_, CO, O,, THC, NMHC
and CH, were measured (Tab. 2).

PM is generated in landfills as a result of
human actions by mechanical processes that
include sorting, dumping and compaction of
waste by bulldozing, soil compaction and
vehicle movement over previously deposit-
ed waste (Salami & Popoola, 2023; Choi &
Fernando, 2008). The dimensions of particles
present in the atmosphere cover a wide range,
from 0.002 pm to 100 um, and particles with
an aerodynamic diameter of 10-100 pm are
called total suspended particles (Chow &
Watson, 2002). PM can be divided into three
groups based on size: the coarse fraction
with an aerodynamic diameter of less than
10 um (PM,,) which is formed when larger
solid particles are broken up mechanically;
the fine fraction with an aerodynamic diame-
ter between 2.5 pm and 10 um (PM, ;) which
is mainly formed from gases; and ultrafine
fractions with aerodynamic diameters in the
range of less than 2.5 um and less than 0.1 pm
(PM,,) resulting from nucleation (Salami &
Popoola, 2023). In the Republic of Srpska,
according to the Regulation on conditions for
air quality monitoring (Republic of Srpska
Official Gazette, number 124/12), total sedi-
ments are defined as particles with a diameter
greater than 10 um, which due to their own
weight are transferred from the air to various
surfaces (soil, vegetation, water, buildings,
etc.). Sediments are considered the least risky,
because they cannot reach deep into the lungs
or far from the emission source, but the nega-
tive impact on health of the exposed popula-
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Tab. 2. Cpenma MjeceuHa BPHjeIHOCT aHATM3UPAHUX TTapaMeTapa y Ba3ayXy Ha JOKAIHjH JETIOHH]e

»LpHu Bpx*“ y mepuoay ox 15. aBrycra 2022. no 31. mapra 2023. rogune
Tab. 2. Average monthly value of the analysed parameters in the air at the “Crni vrh” landfill

location in the period from August 15, 2022 to March 31, 2023
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XaJnaluje HaKOH €MHUCHje, Al U CeKyHIapHUM
ITyTeM HAaKOH TaJloXkera Kpo3 jaHarl ucxpane (Hall
et al., 1994).

Hajseha cpenma MjeceyHa BpPHUjeTHOCT
nebaehux yectunia PM,, u3mjepena je Tokom Je-
1ieMOpa u usHocwmia je 36.56 pug/m’. Ha ocHOBy
y30pKOBama KOHIEHTpamuje nedbaehux gectu-
na PM,, Tokom aHanu3upaHor nepuona (aBryct
2022. — mapt 2023.) MOXe ce KOHCTAaTOBAaTH Jia
je mpocjeyHa KOHIeHTpanyja nedaehux yectuma
PM,, nznocuna 30.62 pg/m’. Hajseha cpenma
JTHEBHA BPUJEIHOCT KOHIICHTpAlIMje U3HOCHIIA je
48.91 pg/m* u 3a0usberkeHa je y Mjecelly janyapy
2023. ronuHe, a HAjHWXKA MPOCjeYHA JTHEBHA
BpujenHocT u3Hocuia je 11.02 pg/m?, 3abusbexeHa
ucror Mjecena. Mismjepene mpocjedHe JHEBHE KOH-
LeHTparuje Ousie Cy UCIo ] TPAaHUIHE BPH]eTHOCTH
on 50 pg/m® nedunucane Ypeabom o Bpujen-
HOCTMMa KBanuTeTa Bazayxa (CiryOeHun ITacHUK
Penybnuke Cpricke, 6poj 124/12), anu Heke on
3a0MJbEKEHUX BPHUJETHOCTU OHIIE CYy BP0 ONMu3y
IpaHWYHE BPUjEAHOCTH, IITO Tpeba NMaTH y BUILY
nipu Oynyhem paay oBe enoHuje.

Hajseha cpenma Mjeceuna BpujeTHOCT YKyTI-
Hux neonehux gecrrmna (YJIY) uzmjepena je Tokom
nenemopa u usHocwia je 47.53 ug/m?. Tlpocjeu-
Ha KoHuUeHTpanuja YJIY 3a cBe Bpujeme Mjepema
n3Hocuia je 38.47 pg/m’. Hajpeha mpocjeuna
JTHEBHA BPHjEIHOCT KOHIEHTpPANHje W3HOCHIIA
je 63.58 pg/m® (u3Mmjepena y mjeceiy jaHapy
2023. ronuHe), a HajHIKA [IPOCjeYHA BPHjeTHOCT
n3Hocwia je 30.09 pg/m’ (u3mjepeHa ucTor Mjece-
1a).

VYriben-moHokeua (CO) je 6e300jaH, 6e3 Mu-
pHica U yKyca, alli BeOMa TOKCHYaH Tac 3a JKUBA
6uha, jep criazia y TpyIy XeMHjCKHX 3arylibHBala
u HajBehmx 3arahuBaua Baznyxa. Hactaje y Toky
HEMOTITyHE OKCHJIAINje OpraHCKuX marepuja. Mc-
THCKY]yhH KHCEOHMK U3 PELeNITOpa LIPBEHUX KPB-
HUX 3pHAIa cTBapa KapOOKCHXEMOITIOOWH, KOjU
OrpaHWYaBa TPAHCIIOPT M KOpUIITNeHe KUCEOHUKA
y TkuBuMa. Husou CO Ha nozpydjy UCTpakKHBarba
kperanu cy ce uzmehy 0.19 mg/m’® (u3mjepeHo y
okto0py 2022. ronune) u 2.17 mg/m?, KOJIuKo je
W3HOCHIJIa MaKCHMaJHa Cpe/itha JTHEBHA BPH]je/I-
HOCT y janyapy 2023. rogune. [Ipocjedna KoHIIeH-
tparmmja CO 3a 1ujenu nepuoj Mjepera H3HOCHIIA
je 0.60 mg/m?. Hajseha cpenma Mjeceuna Bpujei-

tion can still occur due to possible direct in-
halation after emission, but also by secondary
means after sedimentation through the food
chain (Hall et al., 1994).

The highest mean monthly value of sus-
pended particles PM,, was measured during
December and amounted to 36.56 pg/m®. The
sampled concentration of PM,, suspended
particles during the analysed period (August
2022 — March 2023) leads to a conclusion
that the average concentration of PM,, sus-
pended particles amounted to 30.62 pg/m?.
The highest average daily concentration value
amounted to 48.91 pg/m?* and was recorded
in the month of January 2023, and the lowest
average daily value amounted to 11.02 pg/
m3, recorded in the same month. The mea-
sured average daily concentrations were be-
low the limit value of 50 ug/m? defined by the
Regulation on air quality values (Republic of
Srpska Official Gazette, number 124/12), but
some of the recorded values were very close
to the limit value, which should be taken into
account in the future operation of this landfill.

The highest mean monthly value of to-
tal suspended particles (TSP) was measured
during December and amounted to 47.53 pg/
m®. Average concentration of TSP for the en-
tire measurement period was 38.47 pg/m?.
The highest average daily concentration value
was 63.58 pg/m’® measured in January 2023,
and the lowest average value was 30.09 pg/
m? measured in the same month.

Carbon monoxide (CO) is colourless,
odourless and tasteless, but a very toxic gas
for living beings, because it belongs to the
group of chemical asphyxiants and the big-
gest air pollutants. It is generated during the
incomplete oxidation of organic substances.
Displacing oxygen from red blood cell recep-
tors creates carboxyhaemoglobin, which lim-
its the transport and use of oxygen in tissues.
CO levels in the research area ranged between
0.19 mg/m? (measured in October 2022) and
2.17 mg/m?, which was the maximum aver-
age daily value (measured in January 2023).
Average CO concentration for the entire mea-
surement period was 0.60 mg/m?. The highest
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HocT KoHIeHTpanje CO u3MjepeHa je TOKOM
janyapa u usHocwia je 1.12 mg/m?®. Yrephene
IIPOCje4He BPUjEIHOCTH 3a CBE BpUjeME Mjeperba
Cy pelaTUBHO HUCKE W JIOCTa UCIOJ TPaHUYHE
BpHjEAHOCTH 011 5 mg/m® o Bakehoj Ypenowu.

Cymnop-muokeun (SO,) je 6e3 60je, He ropu
HUTH CTBapa EKCIUIO3uBHE cmjerre. OmTpor je
mupuca (BehuHa Jbyau ra Moxe ocjeTuTH Beh ko
HETOBUX KOHIIEHTpaluja y Ba3ayxy oz 1 ppm). Ca
CTaHOBHILITA aepo3aral)eHOCTH, BaKHE CY OHE peakK-
1j€ CyMIIOp-IMOKCHAA y aTMoc(hepH pH Kojuma
Hacrtajy SO,, H,SO, mwmm conmu cyndarae kucenmmse.
OBe peakmuje Mory OuTH (POTOXEMHUJCKE WIIH
katamutuike. CyMIop-IHOKCHI] Ha COOHO] TeM-
nepaTypy MoXKe Jia pearyje U Kao okcuaupajyhe
cpenctBo. CyMnop-aI1oKCHT y KOHTAaKTy ca Berera-
LIMjOM MOYKE J]a M3a30B€ JIBa THIIa omTehersa mcra:
aKyTHO ¥ XpOHUYHO o1liTeheme. AKyTHO omreherse,
13a3BaHO PENIATUBHO KPAaTKUM yTHIIajeM Behrx KoH-
LIEHTpaIHja CyMITOp-THOKCHIa, MaHU]eCTyje ce y
omrehewy henuja koje ce cymre. Enunemuonon-
Ka UCTpakKMBama Cy IoKa3ajla Jia YTHUIa] CyM-
MOP-/IMOKCH/IA HAa PECIIMPATOPHU CHCTEM YOBjeKa
3aBHCH O] FheTOBE KOHIIEHTpaIHje y Ba3ayxy. [loje-
JIMHA VICTPAKUBAA TIOKa3yjy Ja Cy KpaTKOpOYHe
npoMjeHe y KoHmeHTpanujama SO, TmoBe3aHe ca
noBehaHuM OpojeM XUTHUX OOJTHUYKHUX MpHjeMa
300T pecrmpaTopHUX OOJIECTH U CMPTH y3pOKOBa-
HUX PECHUPATOPHUM M KapIuOBACKYJapHHM
6onectuma (Brown et al., 2003).

Hajseha cpenma mMjeceuna BpHjeTHOCT KOH-
uentpauyja SO, y o0lacTH UCTpakuBama H3-
MjepeHa je TOKOM HoBeMOpa 1 u3Hocuia je 31.97
pg/m®. Ha oCHOBY y30pKOBamba KOHIICHTpAIIH]e
CYMITOP-THOKCHIA TOKOM aHAJTM3UPAHOT MIEPUOIa
MOXKE C€ KOHCTATOBATH JIa j€ MPOCjeuHa KOHIIEH-
Tpauuja SO, 3a [HjeNn IEPUOJT Mjeperha H3HOCHITA
20.55 ug/m3. Tokom mepuoza Mjepera mpocjed-
HE JHEBHE KOHIICHTpAIHje KpeTaie ¢y ce u3mely
MaKCHUMAaJIHE CpeNIibe THEBHE BPHjEIHOCTH O]
78.41 pg/m* y mjecerry mapty 2023. roguHe U MU-
HUMAJTHE BpHjeTHOCTH 011 7.19 ng/m’ 3abuspexene
y aeuemOpy 2022. roauHe, MITO je 3HATHO HHXKE
0J1 TPaHUYHE BPHUJEIHOCTH JaTe Ypeadoom Koja
usHocH 125 pg/m?.

O30n (O;) ce dopmupa y armochepu
(doroxemujckuM peakijama y npucyctBy CyH-
YeBE CBjeTIOCTH M TpeKkypcopa 3aralyjyhmx
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mean monthly value of CO concentration was
measured during January and was 1.12 mg/m’.
The determined average values for the entire
measurement period are relatively low and
well below the limit value of 5 mg/m’ accord-

ing to the current Regulation.

Sulphur dioxide (SO,) is colourless, does
not burn or create explosive mixtures. It has a
pungent smell (most people can already smell
it at concentrations in the air of 1 ppm). From
the aspect of air pollution, those reactions of
sulphur dioxide in the atmosphere that produce
SO,, H,SO, or sulfuric acid salts are import-
ant. These reactions can be photochemical or
catalytic. Sulphur dioxide at room temperature
can also act as an oxidising agent. Sulphur
dioxide in contact with vegetation can cause
two types of leaf damage: acute and chronic
damage. Acute damage, caused by a relative-
ly short exposure to higher concentrations of
sulphur dioxide, manifests itself in damage to
cells that dry out. Epidemiological research
has shown that the effect of sulphur dioxide
on the human respiratory system depends on
its concentration in the air. Some studies show
that short-term changes in SO, concentrations
are associated with increased number of emer-
gency hospital admissions due to respiratory
diseases and deaths caused by respiratory and
cardiovascular diseases (Brown et al., 2003).

The highest average monthly value of
SO, concentration in the research area was
measured during November and amounted to
31.97 pg/m’. Based on the sampled sulphur
dioxide concentration during the analysed
period, it can be stated that the average con-
centration of SO, for the entire measurement
period amounted to 20.55 pg/m’. During the
measurement period, the average daily con-
centrations ranged between the maximum
mean daily value of 78.41 pg/m’ (recorded in
the month of March 2023) and the minimum
value of 7.19 pg/m® (recorded in December
2022), which is significantly lower than the
limit value given by the Regulation which
amounts to 125 pg/m’.

Ozone (O,) 1s generated in the atmosphere
by photochemical reactions in the presence of
sunlight and pollutant precursors, such as ni-
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Mmarepuja, kao mro cy okcuau asora (NO,) u uc-
napspuBa opraucka jenumema (VOC). Yaumrasa
ce peakiujama ca NO, U JieToHyje ce Ha 3eMJbY.
Kox Onare M3510K€HOCTH HUXMM KOHIIEHTpa-
nMjaMa O30HAa jaBJhba C€ HAApakaj CIy3HUIIE
OYM]y ¥ TOPHHHX JHCAJHUX ITyTEBA Y BUIY Cy3€Hha,
neyema y ounma, rpebama y rpiy, cTe3ama u3a
TpyIHE KOCTH W OO0JI y BHIy pa3aupama y Tpy-
IUMa ¥ JOBOAM JIO HEMPOIAYKTHBHOT Kallljba.
[Tpu 8-yacoBHMM KOHIICHTpaIljamMa Koje Tpeliase
240 pg/m® momasu 10 mopacra Opoja CMPTHHX
ciydajeBa 3a 5-9 %, y OIHOCY Ha U3JI0KEHOCT
Ha MPOIHjemheHoM no3aauHckoM HuBoy (WHO,
2006).

[IpocjeuHa KOHIICHTpalHja O30HA TOKOM
aHAIM3MPAHOT TMepuoja u3Hocwia je 34.86 ng/
m’. Hajseha cpeama Mjecedna BpHjeIHOCT 030HA
u3MjepeHa je TOKOM aBrycra v u3Hocuia je 64.89
pg/m’. MakcumaiHa cpeliiba JTHEBHA BPH]jEIHOCT
KOHIIEHTpaIije 030Ha u3Hocmia je 89.07 pg/m?
1 3a0uJbeKEHa je Y Mjecelly aBrycTy, AOK je MH-
HUMaJIHA U3HOCcHIa 7.68 ug/m’ y mjeceiry mapry.
CBe u3MjepeHe MpocjeyHe THEBHE BPUJETHOCTH Y
MPOY4aBaHOM OCMOMjECEYHOM TIEPHOLy OuIie cy
ucroy 120 pg/m’ mro je KOHIEHTpaluja Koja ce
cMarpa IUJbAaHOM BPHjEIHOCTH Y IHJBbY 3aIlTH-
TE 3]IpaBJba JbYIHU TpemMa Ypeadu o rpaHuYHUM
BpHjEHOCTHMA KBAJIUTETA Ba3IyXa.

[Tom a30THUM OKCHIMMa cMaTpa ce cMjemta
a30THUX oKcuja mely xojuma HajBehy OGuosor-
Ky aKTHBHOCT UCTIOJhaBajy a30T-MoHOKcHT (NO),
azot-guokcun (NO,) u azor-terpaokenn (N,O,).
A30T-MOHOKCHJI C€ BpJIO Op30 y Ba3layxy OK-
CHJIMIIE Y a30T-IUOKCH[, CIIOPO Y peakiifjama
ca KMCEOHMKOM, a MHOTO Opxe y peakiujama
ca 030HOM Kao OKCHJIaHCOM. A30T-THOKCHUJ, Y
MIPUCYCTBY YIJbOBOJOHUKA M YATPaJbyOM4acTor
CBj€TJIa, IJIAaBHU j€ U3BOP TPOIMOCHEPCKOTr 030HA.
ExcniepyMeHTaiHe CTy/uje Ha )KUBOTHIbAMa U JbY-
auma nokasyjy aa je NO,, y KpaTKOpOUHUM KOH-
nenTpaijama sehum o 200 pg/m?, TokcHyaH rac
ca 3Ha4ajHUM 31apaBcTBeHUM edexruma (WHO,
2006). A30THH OKCUAM HPOJIUPY Y OpraHu3am
IyTE€M PECIUPATOPHOT CUCTEMA IJIj€ Ha BIAXKHO]
CJIy3HUIIM Tpajie a30THY U a30TacTy KHUCEIIHHY.
300r BHUXOBE cllabe pacTBOPJHUBOCTU Y BOJM,
OBaj TIPOIIEC C€ OAWTPaBa BUIIE y JOHUM HETO Y
TOPHUM PeCUpaTopHuM ImyTeBuMa. Kao jak ok-

trogen oxides (NO,) and volatile organic com-
pounds (VOC). It is destroyed by reactions
with NO, and is deposited on the ground.
Mild exposure to lower concentrations of
ozone causes irritation of the mucous mem-
branes of the eyes and upper respiratory tract
in the form of tearing, burning in the eyes,
scratching in the throat, tightness behind the
sternum and pain in the form of tearing in the
chest and leads to an unproductive cough. At
8-hour concentrations exceeding 240 pg/m?,
there is an increase in the number of deaths by
5-9 %, compared to exposure at the estimated
background level (WHO, 2006).

Average ozone concentration during the
analysed period amounted to 34.86 ug/m?.
The highest average monthly value of ozone
was measured during August and amounted to
64.89 ng/m?. The maximum mean daily value
of ozone concentration amounted to 89.07 pg/
m?® and was recorded in the month of August,
while the minimum amounted to 7.68 ug/m?
and was recorded in the month of March. All
measured average daily values in the studied
eight-month period were below 120 pg/m?,
which is considered the target value for the
purpose of protecting human health accord-
ing to the Regulation on limit values of air
quality.

Nitric oxides are a mixture of nitrogen
oxides, among which nitrogen monoxide
(NO), nitrogen dioxide (NO,) and nitrogen
tetroxide (N,0O,) exhibit the greatest biolog-
ical activity. Nitrogen monoxide oxidizes
very quickly in the air to nitrogen dioxide,
slowly in reactions with oxygen, and much
faster in reactions with ozone as an oxidant.
Nitrogen dioxide, in the presence of hydrocar-
bons and ultraviolet light, is the main source
of tropospheric ozone. Experimental stud-
ies on animals and humans show that NO,,
in short-term concentrations higher than 200
nug/m’, is a toxic gas with significant health
effects (WHO, 2006). Nitrogen oxides pen-
etrate into the body through the respiratory
system, where they form nitric and nitrous
acid on the moist mucosa. Due to their low
solubility in water, this process takes place
more in the lower than in the upper respirato-
ry tract. As a strong oxidant, nitrogen dioxide
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CHJIAHC a30T-THOKCH MOXKE Ja OIITETH EIUTEITHN
CJI0] KOjU TMTOKPUBA PECTIMPATOPHH TPAKT, Jijeiyje
Ha mpoMmjeHy (yHkuuje henujcke memOpaHe U
OTBapa MyT 3a JAKIIX yJia3 MOJICKYJIa aJiepreHa y
mryhHo TkuBo (Hesterberg et al., 2009). U mane
KOJIMYMHE yAaXHYTUX A30THUX OKCH/A, YCIbEH
JTydema XHCTaMHHA, Mory noehatu oTmop y
JICaJHUM ITyTEBUMA M CMAbUTH I (y3UOHH Karia-
mureT wiyha. TpeHyTHa pedepeHTHa BpHjeTHOCT
Cajercke 3apaBcTBeHe opranuszanuje ox 40 pg/
m?® (Tomuinma cpeamba BPUjeIHOCT) TOCTaBJbeHa
j€ Jla 3aIlITUTH JaBHOCT OJ1 3[paBCTBEHUX epekaTta
racoputor NO,, a UCTa rpaHUYHA BPH]EIHOCT
MIPOIKMCaHa je ¥ YpeadoM O BpUjeTHOCTUMA KB~
TeTa Bazayxa y Pemyomumm Cprickoj.

[pocjeuna queBHa KoHIEHTpanyja NO TokoM
OCMOMjECEYHOT TIEpHOoja Mjepemha U3HOCHIIA je
24.14 nug/m?. Hajseha cpenma Mjecedna BpHje/I-
HOCT KOHIeHTpanuja NO u3MjepeHa je TOKOM
HOBeMOpa u u3Hocuia je 32.07 pg/m?*. Makcumaii-
Ha JTHEBHA IMPOCjeYHa BPUJETHOCT M3HOCHIIA ]
55.43 pg/m?® (u3mjepena y HoBemoOpy 2022. ro-
JIMHE), TOK j€ HajHIDKa JHEBHA MPOCjeuHa BpHje-
HOCT M3HOcHia 1.26 pg/m® (u3mjepeHa ToOkoM
oktobpa 2022. ronune). Ypenda o BpHjeTHOCTHMA
KBaJIMTETa Ba3/lyXxa HE HABOAW I'PAHUYHE BpPHjel-
HoctH 3a NO.

IIpocjeuna xoHunentpauuja NO, y TOKy
IIMjeJIOT TIeproja Mjeperma u3nocuma je 26.21
pg/m?. Hajseha cpenma MmjeceuHa Bpwujef-
HocT NO, u3MjepeHa je TOKOM HOBeMOpa
u usHocuia je 39.91 pg/m®. PerucrpoBane
NpoCjedyHe JHEBHE KOHIEHTpalmuje Cy ce
Kperaje oJ MakcumaliHe BpujemHoctu 70.33
pg/m?® no muaumanade 1.60 pg/m’ mro npen-
CTaBJba HUXKY KOHILECHTPAIU]y OJf TPAHUYHE
Bpujennoctu 3a NO, koja m3Hocu 85 pg/m’
npema Bakehoj Ypenomu.

Bpujennoctu napamerpa NO, npezncraBibajy
YKyITHE CyMe MojeanHadyHux napamerapa NO u
NO,. Hajseha cpenmwa MjecedHa BpijeJHOCT KOH-
uenrpanuja NO_ u3MjepeHa je TOkoM HoBeMOpa
u m3Hocwia je 72.77 pg/m’. Ilpocjedna KOHIICH-
tparuja NO, y TOKy LIUjeJIor IepHojia Mjepema
u3Hocuia je 43.91 pg/m’. Makcumanna THEBHA
IpocjeyHa KOHIEHTpaluja u3Hocuina je 125.76
pg/m* (y HoBemOpy 2022.), 10K je HajHUKA
BpHjenHocT Oma cBera 2.85 pg/m® (y okTo0py
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can damage the epithelial layer that covers
the respiratory tract, change the function of
the cell membrane and pave the way for eas-
ier entry of allergen molecules into the lung
tissue (Hesterberg et al., 2009). Even small
amounts of inhaled nitrogen oxides, due to
the secretion of histamine, can increase the
resistance in the airways and reduce the diffu-
sion capacity of the lungs. Current reference
value of the World Health Organization of 40
png/m’ (annual mean value) is set to protect
the public from the health effects of gaseous
NO,, and the same limit value is prescribed
by the Regulation on air quality values in the
Republic of Srpska.

Average daily concentration of NO during
the eight-month measurement period amount-
ed to 24.14 ug/m’. The highest mean month-
ly value of NO concentration was measured
during November and amounted to 32.07
ng/m’. The maximum daily average value
amounted to 55.43 pg/m? (it was measured
in November 2022), while the lowest daily
average value amounted to 1.26 pg/m’ (it was
measured during October 2022). The Regu-
lation on air quality values does not specify
limit values for NO.

Average NO, concentration during the en-
tire measurement period amounted to 26.21
ug/m®. The highest average monthly value
of NO, was measured during November and
amounted to 39.91 ug/m’. Registered average
daily concentrations ranged from a maximum
value of 70.33 ug/m’ to a minimum of 1.60
ug/m?, which represents a lower concentration
than the limit value for NO,, which amounts
to 85 pug/m’ according to the current Regula-
tion.

Values of the NO, parameter represent the
total sums of the individual NO and NO, param-
eters. The highest average monthly value of NO_
concentration was measured during November
and amounted to 72.77 ug/m?. Average concen-
tration of NO_ during the entire measurement
period amounted to 43.91 pg/m?®. The maximum
daily average concentration amounted to 125.76
ug/m? in November 2022, while the lowest value
was only 2.85 pg/m?® in October of the same year.
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uCTe roauHe). Ypenda o BpUjeJHOCTHMA KBaJIU-
TETa Ba3ayxa He HABOJM IPaHUYHE BPUjECIHOCTH
3a NO,.

VYTIb0BOIOHUIIM TIPEICTABIBA]y CMjelIy BpIIO
Pa3IMYIUTHX OPTaHCKUX jeMUbEHha peia mapaduHa,
onepuHA U IUKIMYHUX JepuBara ca Behum u
MambiM HU30M C-aToMa 4rje CTPYKType HHje JIaKO
onpenuTh. TokcHYHEe 0COOMHE YTIHOBOJJOHHUKA CY
Pa3IUYUTE ¥ BUILIECTPYKE, @ HAPOUHUTO YIPYKESHO
JjeIOBabe BUINE YIJHOBOJOHHMKA PAa3THUYUTUX
cTpyKTypa. TpoBame YrbOBOJOHUKOM, ITOMYT
OeH3eHa, OOMYHO Ce jaBJba CIyYajHO YIUCAHEM
WM TYTamheM OBHUX ITUTOTOKCUYHUX XEMU|CKHX je-
Tuberba. Jljenyjy Ha TucajHu CUCTEM, TICHTPATHA
HEpPBHU CHUCTEM, KOXKY U TAPEHXUMHE U KPBOTBOP-
He oprane. Heku oJ1 luX Cy KaHIIEpOT€HH.

HuBou ykymHux yrisoBogonuka (THC) Ha moa-
Py4jy UCTpaXuBama Kpetanu cy ce uzmely 1325.30
ug/m’, 3abmbexeHo y cenreMopy 2022, romuse, U
1949.62 pg/m? xommko je u3Hocka Hajeeha mpocjeu-
Ha JTHEBHA KOHIICHTPAIHja N3MjepeHa TOKOM HOBEM-
Opa 2022. rogune. [IpocjeuyrHa nMuCHjCKa KOHIICH-
Tpauuja yKymuux yrisoojonuka (THC) nzHocuna
je 1640.55 pg/m? 3a umjesnu mepuon Mjepea.

Meran (CH,) je Bp;io MHEpTaH U HUje OTPOBaH,
ay nmoBeharme KOHIIEHTpAIHje Y Ba3ayXy yTUYE Ha
CMamemhe caapikaja KMCeOHHKa. MeTaH HacTaje
OMOJIOIIKOM Pa3rpajil-OM OPraHCKUX KOMITIOHEH-
TH y OTIIaJTy, a IPHje CBUX Ieyso3e. MeTtaH ropu
OM1jeI0TIaBUM TIAMEHOM, €KCILIO3HBaH je y CMje-
1M ca Ba3ayxoM oA 5 % 110 15 %. TIpocjeuna nmu-
CHjCKa KOHIICHTpAIlja METaHa Ha MPOyYaBaHOM
npoctopy u3Hocuna je 1145.64 pg/m’ 3a uujenu
niepuo Mjepera. Hajpeha npocjeuna nHeBHA KOH-
teHTpaija u3Hocuna je 1210.35 pg/m? (u3mjepena
TokOM MapTa 2023. roauHe), a HajHWXKa Mpocjed-
Ha JIHEBHA U3MjepeHa BpujenHoct omna je 1009.00
ug/m* (M3MjepeHa TOKOM OKTOOpa W HOBeMOpa
2022. ronune). Hajeha cpenma Mjeceuna Bpuje-
HOCT KOHILIEHTpallije MeTaHa U3MjepeHa je TOKOM
jaryapa 1 u3HocHia je 1167.22 ug/m?>.

[Ipocjeuna wuMHCHjCKAa KOHIICHTpAaIHja
HemeTaHcKkuX yriboBogoHuka (NMHC) je m3Hocuna
209.56 png/m? 3a tmjenu nepuo Mjepera. Hajseha
MPOCjeyHa JIHEBHA KOHLIEHTpAalMja W3HOCUIIA je
288.30 pg/m’, a HajHMWKA MMPOCjeyHa JHEBHA W3-
Mjepena BpujeanocT 130.25 ug/m?, a obe Bpujes-
HOCTH 3a0MJbeXEHE CYy TOKOM Mjecelia cenrtemMopa

The Regulation on air quality values (Republic
of Srpska Official Gazette, number 124/12) does
not specify limit values for NO,.

Hydrocarbons represent a mixture of very
different organic compounds of the order of par-
affins, olefins and cyclic derivatives with a higher
and lower number of C-atoms whose structures
are not easy to determine. Toxic properties of hy-
drocarbons are different and multiple, especially
the combined effect of several hydrocarbons of
different structures. Hydrocarbon poisoning, such
as benzene, usually occurs through accidental in-
halation or ingestion of these cytotoxic chemical
compounds. They act on the respiratory system,
central nervous system, skin and parenchymal
and hematopoietic organs. Some of them are car-
cinogenic.

The levels of total hydrocarbons (THC) in
the research area ranged between 1325.30 pg/
m?, recorded in September 2022, and 1949.62
ug/m?, which was the highest average daily
concentration (measured during November
2022). Average emission concentration of total
hydrocarbons (THC) was 1640.55 pg/m? for the
entire measurement period.

Methane (CH,) is very inert and not poi-
sonous, but increasing its concentration in the
air affects the reduction of oxygen content.
Methane is generated by the biological de-
composition of organic components in waste,
primarily cellulose. Methane burns with a pale
blue flame; it is explosive in a mixture with
air of 5 % to 15 %. Average emission con-
centration of methane in the studied area was
1145.64 pg/m? for the entire measurement pe-
riod. The highest average daily concentration
was 1210.35 pg/m?® (measured during March
2023), and the lowest average daily measured
value was 1009.00 pg/m* (measured during
October and November 2022). The highest
mean monthly value of methane concentration
was measured during January and amounted
to 1167.22 ug/m?.

Average immission concentration of
non-methane hydrocarbons (NMHC) amount-
ed to 209.56 pg/m?® for the entire measurement
period. The highest average daily concentra-
tion amounted to 288.30 pg/m®, and the low-
est average daily measured value amounted to
130.25 pg/m3, and both values were record-
ed during the month of September 2022. The
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2022. ronune. Hajeeha cpenma Mjeceuna BpHje-
HocT KoHueHTpauuja NMHC u3mjepena je Tokom
aBrycra u msHocwia je 233.82 ug/m?. Ypenba o
BpUjEIHOCTHMA KBAIUTETA Ba3ayXa HE HABOAM Ipa-
HU4He BpujenHocTH 3a Metad 1 NMHC.

Ananu3oM 100UjeHuX pe3ynTaTa Mjeperba Ha-
BeJICHUX TapaMeTapa TOKOM Ieprofia ox 15. aBrycra
2022. no 31. mapra 2023. rogrHe MOKeE CE 3aKIby-
YUTH JIa U3MjepeHe KOHLIEHTpalyje MoJlyTaHata y
Ba3IyXy Ha JIOKAIUTETY nenonuje ,[{pau Bpx™ He
Mpelia3e TpaHruyYHEe BPHJEAHOCTH TpeMa Bakehoj
VYpenbu o rpaHUYHUM BPHjEHOCTHMA KBaIUTETa
Bazayxa y Peryomuim Cprickoj.

3AKJbYHAK

Ha canurtapHoj pernoHaiiHoj genonuju ,, L [pau
BpX" KOJl 3BOpHUKA MPUMjEHYje Ce CaBpeMeHa
TEXHOJIOTHja O/jIarama OTHaja, mro omoryhasa
3HaYajHO CMambCHE EMHCH]Ee IITETHUX TacoBa U
npyrux 3arabyjyhux matepuja. [la 6u ce cmamno
HETaTUBAH yTHUIIA] JETIOHN]CKHUX racoBa Ha KHUBOT-
HY CpEIIMHY, TIOCTOjH HEKOJIMKO MOTYhHX pjelerba.
JenHo oz BUX je caKyIybame ACTIOHM]CKUX racoBa
Y BbUXOBO KOpHIIINeme Kao u3Bopa enepruje. Cac-
TaB JICTIOHM]CKHUX TacOBa HA IPEIMETHO] ICTIOHU]H
y MIpOy4aBaHOM IEPUOAY MOKa3yje HUCKE BpHje-
HOCTH METaHa IIITO yKa3yje /ia Ce JOII HUCY CTEKIIN
YCJIOBH 32 FbHIXOBO €HEPIeTCKO NCKOpHUIIaBambe.

KoMOuHOBameM pe3ynraTta u3 1Buje 00JacTh
UCTPAXKHBama, Tj. EMHUCHj€ JETIOHU]CKUX racoBa
¥ MOHHTOPHHT aMOMjEHTAJHOT Ba3myXa, MOXKe
ce 1o0uTH erkacHa ¥ MOTIyHA CTy/Mja YTHIIaja
JICTIOHHj€ Ha KBAJIMTET Ba3yXa U >KUBU CBHJET.
MOoHHUTOPUHT aMOHjEHTATHOT Ba3ayXa CIPOBEACH
Ha JICNOHUjU TMOKa3yje JAa HHje AOLUIO [0
MpeKopayueha TPAHUIHUX BPHjETHOCTH UMUCHO-
HUX KOHIIeHTpauuja 11 mapamerapa 3a npaheme
KBaJIMTETA Bazayxa. MehyTum, Heke o1 3a0uibexe-
HHX BpHjeqHoCTH JIebaehux yectuia PM, ) Guite cy
BpJ10 ONTM3y rpaHUYHE BPHjeTHOCTH IpeMa Baxkehoj
VYpenowu, mro Tpeba umatu y Bumy npu Oymyhem
pany oBe nenonuje. 1 npyre 3aralyjyhe marepuje
y Ba3ayXy KOje HacTajy Kao pe3yaTar paja Jerno-
HHja MOTY J1a TIPE/ICTaBIbajy MPHjETHY, HE CaMo IO
KMBOTHY CpeiiHy, Beh 1 110 31paBibe Jbyau. Kako
OM ce CTIpHjeunTi HEXKEJbCHU YTHUIIAJH JICTIOHH]E,
HEONXO/HO j€ MPUMUJEHUTH aJIeKBaTHE Mjepe 3a
YIIPaBJbaE JCTIOHUjaMa | JISTIOHHjCKIM TacOBHMA
y IIWJbY CMambeiha HUXOBOT YTHIIAja HA )KUBOTHY
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highest mean monthly value of NMHC con-
centrations was measured during August and
amounted to 233.82 ug/m?3. The Regulation on
air quality values does not specify limit values
for methane and NMHC.

The analysis of the measurement results
of the mentioned parameters during the period
from 15 August 2022 to 31 March 2023 leads to
a conclusion that the measured air pollutant con-
centrations at the ”Crni vrh” landfill site do not
exceed the limit values according to the current
Regulation on limit values of air quality in the
Republic of Srpska.

CONCLUSION

“Crni vrh” sanitary regional landfill near
Zvornik applies modern waste disposal tech-
nology, which enables a significant reduction
in the emission of harmful gases and other
pollutants. In order to reduce the negative en-
vironmental impact of landfill gases, there are
several possible solutions. One of them is the
collection of landfill gases and their use as a
source of energy. The composition of landfill
gases at the landfill in question in the studied
period shows low values of methane, which
indicates that the conditions for their energy
utilisation have not yet been achieved.

By combining results from two research
fields, i.e., landfill gas emissions and ambient
air monitoring, an efficient and complete study
of the landfill’s impact on air quality and liv-
ing things can be obtained. Ambient air mon-
itoring carried out at the landfill shows that
the limit values of emission concentrations of
11 parameters for air quality monitoring were
not exceeded. However, some of the recorded
values of PM,, suspended particles were very
close to the limit value according to the current
Regulation, which should be taken into account
in the future operation of this landfill. Other
air pollutants that are generated as a result of
landfill operations can pose a threat, not only
to the environment and human health. In order
to prevent the adverse landfill’s impacts, it is
necessary to implement adequate measures for
the management of landfills and landfill gases
in order to reduce their impact on the environ-
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CpeluHy U KJIMMarcke nmpomjeHe. Takohe, OUTHO
j€ ¥ 1a ce KOHTUHYHMPAHO paju Ha yHanpehemy
cHcTeMa yIpaBJbamba OTNAZA0M U Jla Ce MOJICTHYE
CBHJECT O B)KHOCTH TIPABUIIHE CEJICKIIMje OTIaja,
Jep KOJIMYMHA U BPCTa OMJIOKEHOI OTNaja yTUIy
Ha KBAJMTET Ba3lyXa U JpYyre eJIeMEeHTe KUBOTHE
CpenuHe.

ment and climate change. It is also important
to continuously work on improving the waste
management system and to encourage aware-
ness of the importance of proper waste selec-
tion, because the amount and type of disposed
waste affects air quality and other elements of
the environment.
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