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ABSTRACT

The management of air quality at landfills has, agiother things, the objective of controlling ofsta
management efficiency at the landfill. Modern lalslfalthough built in accordance with domestician
European regulations, affect the quality of theiaithe areawherethey are located. The challenges
faced by sanitary landfills are the safe dispodalaste, the possibility of waste recovery and
environmental protection (air and wastewater pimh)t

This paper analyses the problems of air qualityagament at the location of the Brijesnicalandfill i
Bijeljina and the assessment of the sanitary wdistgosal method efficiency based on the analysis of
the results of the air quality measurement atanefill site.
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INTRODUCTION

Any change in the composition of air in relationnatural conditions due to the presence of other
gases, vapour, particles in concentrations affgctimman health or affecting the biosphere is
considered air pollution. Air pollution can sometisnbe the result of natural phenomena (volcanic
eruptions, dust storms and forest fires) and aptigenic activities (combustion of fossil fuels,
industrial emissions, agricultural activities andste production). The world recognises air polhutio
as a problem that has a significant impact on huimealth, about which numerous studies were
conducted around the world [1,2,3].

According to the database of the WHO that regulamynitors and assesses air pollution, the BiH
region has a historical problem with air qualityseveral urban areas of BiH, with Tuzla as the sgco
most polluted city in Europe after Tetovoin 2017. [Bhe consequences to health due to increased air
pollution are closely monitored by the WHO, whosgadshow that 3535 inhabitants died of diseases
related to air pollutionn BiHin 2012 [5]. But air pollution not only provokéke toxicological effects

on human health, it has also significantly degratiex environment in recent years [6,7]. For this
reason, the European Environment Agency (EEA) hadeuropean Commission (EC) have published
a new air quality index in Europe, which allows ngs® check the current quality of air in citiegdan
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regions throughout Europe [9]. The index consi$tarpinteractive map showing local air quality at
the level of measuring stations based on the meamnt of five key pollutants that damage human
health and the environment: RMand PM,, O;, NO,and SQ.

Brijesnica regional sanitary landfill was estabdidhin 2010. Non-hazardous communal waste is
disposed of at the landfill into sanitary cellstti@sebeen built in accordance with the valid Euaope
waste management directives. The challenges fagettheb landfill management are related to the
provision of safe conditions for waste disposalising the level of reuseof waste and the
implementation of the environmental protection noees.

The construction of sanitary cells lined with dllet necessary multibarrier layers and protective
membranesuccessfully responded to challenge disp@ind safe disposal of waste.

Theimplementation ofraising awarenesson the benefitselective disposal of waste at the site of
waste generation, but not by introducing monetacgitives therefor, partially managed to respond to
the challenges of reuse and recycling of wastethEBuractivities in this direction went towards the
formation of recycling islands in the city zone ahe central recycling yard at the location of the
landfill itself. The results of these activitie®astill at an early stage, but positive experiericam® the
region give a positive incentive.[10,11].

Environmental protection means a long lastinghe safvironment, both from the impact of deposited
waste and from external impacts (weathering, flpads.). About two-thirds of the landfill waste
contains biodegradable organic substances fromehalts, economy and industry. When organic
substances such as food remains and green wagtaeeel on the landfill, it is generally compacted
and covered. In this way, the oxygen is removed @ngses its decay in the anaerobic process. This
process produces landfill gas, which is about 50%ihane and 50% carbon dioxide with small
amounts of other gases.

Although the production of these gases generalhkpén five to seven years, the landfill can camtin
to produce gas for more than 50 years. A gas dmllesystem was installed at the site of the ldhdfi

It consists of blowers which are connected throagbacuum pipeline to a series of wells that are
drilled and built inside the waste. This gas, oookected, can either be burned or used for endxpy.
study landfill, the landfill gas is collected andrbt on the torch, due to the lack of funds for the
construction of a plant for the utilization of ldilicgas.

Given that methane is a greenhouse gas 25 timasgstr than carbon dioxide, the implications for
global warming and climate change are enormoushafet as a powerful greenhouse gas captures up
to 20 times more heat in the atmosphere comparedrtmon dioxide, thus directly contributing to the
reduction in the production of GHS gases [12,13,T4E IPCC modelled roads [15] that limit global
warming to 1.5 °C without any or limited overrumghich include a deep reduction in methane and
black carbon emissions (35% or more from both b02@ompared to 2010). Reducing GHS
emissions will be crucial to limiting the impactdimate change.

MATERIAL AND WORK METHODS

The monitoring of air quality at the location oktBrijesnica landfill has been carried out for Buge
[16,17] in order to monitor the state of the quadit the site's location and the effects of sapiteaste
disposal at the landfill. The law-prescribed mettiody [18] for monitoring the concentrations of
certain pollutants in ambient air is in accordawié EU directiveqd 19)]:

= The reference method for the analysis of nitrogeoxide and nitrogen oxides is
chemiluminenscenceCiD), the principle of measurement: a modulating tgbecross-flow
with reduced pressure(according to the standard BRS.4211).

= The reference method for analysis and the prinaifleneasurement of sulphur dioxide is
ultraviolet fluorescence(standard: BAS EN 14212).
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= Monitoring carbon monoxide concentration is conddcby the method of non-dispersive
infrared absorption (NDIR-CFM), and the principlenseasurement: modulation of the cross-
flow (standard BAS EN 14626).

= Monitoring the concentration of PM suspended paldie matter is done by the method of
beta radiation absorption (standard: BAS EN 12341-1

= Monitoring the concentration of ozone by the metbbdon-dispersive ultraviolet absorption
(NDUV) (standard: BAS EN 14625).

= Monitoring of methane concentration is carried lmpthe flame ionization method.

Air quality measurements were conducted from Audi@t7 to July 2018 at the location of the
regional sanitary landfill “Brijesnica’in BijeljinaMeasurements were carried out continuously by the
authorised institution "Technical Ecological Ingtd" Ltd. Banja Luka, using a mobile ecological
laboratory.

The measuring station is a container type, withsnequipment for analysis, collection and sending o
data to the central unit, is located. Communicabietween the station for measuring air quality and
the central unit is established via GPRS. The akninit is equipped with computer and software
support that allows processing and display of datecordance with domestic and EU legislation.

RESULTS AND DISCUSSION

The measured values of the conducted continuoudtonoig of the emission concentrations of
pollutants were processed using a standard stafistiethod, calculationof the arithmetic mean. The
results obtained are shown in Table 1.

Table 1. Monthly average values of measurementr afumlity parameters at the location of the
Brijesnicasanitary landfill —Bijeljinain the peridtbm 01.08.2017 to 31.07.2018

SO PM NO, NO NOXx CH, O; CcO

MONTH (iz/r:ﬁg)rs (iz/r:r?g)r E (iz/r:sg)r > (iz/?r?g)rs (iz/r:sg)r ) (iz/?r?g)rs (8 hours) | (8hours)
Limit Limit Limit Limit Limit Limit Limit value

value— value— value— value— value— Target value- 5.000

125 ug/t | 50ug/mt | 85 pgid | 30pgmt | 30 pgid | VAYeT | oougid | pgin?
August 30.2223 0.0151 10.9595 5.3710 16.3077 5.6022 55.8648 613.0906

September 33.028 0.014 11.398 6.316 17.714 5.031 44.088 598.094
October 36.1077 0.0128 12.6470 7.0219 19.6904 | 4.6022 35.3406 625.8506
November 42.978 0.0103 11.7317 6.8321 18.564 4.0292 31.04267 | 700.2535
December 43.7732 0.0091 13.6815 8.1435 21.8355 | 4.7736 25.0484 830.1761
January 45.0552 0.0081 14.3146 8.5211 22.8336 4.2100 21.1725 941.4642
February 48.7357 0.0052 14.2548 7.4521 21.7068 | 4.0691 20.7964 1041.289
March 40.8484 0.0057 14.4054 7.0455 21.4524 4.5056 27.7934 986.8990
April 31.2993 0.0121 13.2610 6.0820 19.3683 | 4.2102 33.4597 843.8383
May 25.5035 0.0095 12.2917 5.3685 17.6721 | 4.3753 43.2000 748.5859
June 20.8750 0.0054 11.3289 4.3971 15.7301 4.1186 53.9267 632.3723
July 19.3071 0.0100 9.8169 5.0731 14.8900 4.4310 61.2081 599.0241

Graphics in the figures (Figure 1 and Figure 2wghthat the values of a majority of parameters(SO
NO,, NO, NGiand CH Os,) were in a narrow interval range whereas theaslof CO andPMwere
variable during the monitoring period.
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Figure 1.Monthly averages mewalues fot Figure 2. Monthly averages meaaues fo
parameters PMNO2, No, NOx, CH4 parameters O3, CO and SO2

Analysing the collected results shown in Table 2dagordance with legally defined criteria show
Table 3, the following results were obtain

The measured annual mean concentration 0y, particles amounts to 10 pc®, which is
below the prescritze limit value of 40pg/rand a tolerance value of 48u¢, which
categorised the air is categorized as the firstgmay in terms of Pl particles. The P
hourly valuesover the calendar year exceeded the threshold wl@8ug/n® by 13 times,
whichis less than the permissible frequency of exceedihich is 35 time:

The measuring of ozone, a secondary pollutant éntthposphere resulting from a comp
photochemical reaction with the emission of presuigases, resulted in an average an
concentration of @is 37.74ug/r’. The maximum daily $our mean value of ozol
calculated from concentrations measured hourly edee the prescribed allowable tolera
of 120 pg/nifor 7 times, which is below the permitted frequemdyich is 25 times, theby
air is categorized into the first categt

The concentrationsof NO, an ozone precursor, medstrthe location of the sanitary land
are low, especially in the summer months, whichlude ozone formation at the miw-
location of measurements. e annual mean NO concentration calculated fromthasures
hourly concentrations is 6.46u¢’, which is below the prescribed annual limit valok
40pg/ni. During the measurement, no exceeding of hourhitlvaluesof 150 pg/mwas
established, on theabisof which it can be declare that regard to NO,air is categorized ir
the first category.

The prescribed annual I, limit is 32pg/mi, and the annual average value calculated fror
measured hourly NOconcentration for the measurement period i.86pg/n®. During the
calendar year, no exceedatof hourly limit values of 105pg/fwas established, on the bs
of which we find that with regard to NO,air is agdeized into the first catego

The limit value of 2-hour (125pg/f) and hourly (350ug/f concentration of
SO,wasexceeded 14 times during the monitoring pefid@ annual mean < concentration
calculated on the basis of the measured hourly exdrations is 34.81ug’, which is less
than the permitted limit value of 50u¢’, based on hich we estimate that with regard
SQ.air is categorized into the first categt

The annual mean value of measured concentratioB@©oparticles is 763.41 pg®, which is
well below the prescribed annual limit value of 8Q0g/n’and at the same timepresents a
tolerance value, based on which the air is categdrinto the first categor

Based on the analysis of the measured data, thguality at the location of the Brijesnicasanit
landfill was assessed and categorised in accordaiibeArticle 21 of the applicablRegulations
shown in Table 4Air quality at the location of the sanitary lantfiltas categorized into the fir
category,with regard all measured parametersdimn®®17/2018 monitoring peric

The obtained data were processby additional statistical methods, using the diads prograrr
SPSS. Table 5 shows the results of descriptivestitatfor each measured parameter, presentecel
statistical program SPSS.
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Table 2. Percentage of data available for assessmen

24-hour valqes of 24-hour values of | Hourly values of|  Hourly values of
concentrations

Pollutant concentrations — concentrations -| concentrations - %

) % of available data] number of data of available data
number of data

SO, 365 100 8585 98
NO 365 100 8498 97
NO, 365 100 8498 97
PM;¢ 365 100 8585 98
CO 365 100 8585 98
O; 365 100 8410 96
CH, 365 100 8585 98

Table 3. Criteria for assessment of the concentratof some parameters

Frequency of

Assessment Time of Assessment limit

Pollutant e Monitoring period X allowed
limit averaging value )
exceeding
upper calendar year 24 hours 75 pigad % of LV) 8
SG;
lower calendar year 24 hours 50 P40 % of LV) 6
upper calendar year 1 hour 105 p#0 % of LV) 9
NO, 1year 32 g A8 % of LV)
lower calendar year 1 sat 75 ug(80 % of LV) 12
1 year 26 pg 65 % of LV) 8
upper calendar year 1 year 35 ui#o % of LV) 13
PMyg
lower calendar year 1 year 25 ug (B0 % of LV) 14
upper calendar year 8 hours 7 my(#0 % of LV) 17
CcO
lower calendar year 8 hours 5 md(80 % of LV) 8
O - - 1 hour 120 pg th 7

Table 4. Categorisation of air at the locationhef Brijesnica landfill during 2017/2018

Pollutant Annual average Limit value Tolerance value Air category
(for a calendar year) (for a calendar year)

SO, 34.81 50 50 | category
NO 6.46 30 - | category
NO, 12.50 20 60 | category
TSP 10 40 48 | category
CO 763.41 3000 3000 | category
O3 37.74 120 - | category
CH, 4.49 - - | category

The figures 3, 4 and 5 shows statistical indicatioas describe a set of measured data, i.e. tHéqros
of the central tendency: the median (the value akmnd below which shows 50% of all measured
data), the 25th, 75th and 95th percentiles.
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Table 5. Results of the descriptive statisticstiiermeasured data

S02 PM NO, NO NOy CH, O, CO
N Valid 365 365 365 365 365 365 365 365
Missing 20 20 20 20 20 20 20 20
Mean 34.7270| .0098| 12.5028| 6.4731| 18.9760, 4.5050| 37.8735| 761.8596
Median 35.6400| .0090| 12.5028| 6.4128| 18.9239| 4.3292| 35.1400| 728.5400
Mode 38.64(a) .00 14.30| 6.41(a)| 12.51(a) 4.20| 28.64(a)] 563.28(a)
Std. Deviation 10.12687| .00676| 1.58042| 1.30562| 2.63486| .62491| 13.86050 157.47378
Range 43.88 .02 7.15 6.05 11.68 3.80 52.97 631.54
Minimum 14.28 .00 8.34 3.40 12.51 3.02 16.28 522.31
Maximum 58.16 .03 15.49 9.45 24.18 6.82 69.25 1153.85
Sum 12675.36] 3.57| 4563.54| 2362.69| 6926.22| 1644.32| 13823.84| 278078.75
Percentiles 25 26.2950| .0030| 11.2559| 5.3343| 16.7974| 4.0272| 26.2250| 615.7650
50 35.6400| .0090| 12.5028| 6.4128| 18.9239| 4.3292| 35.1400| 728.5400
75 42.8500| .0150| 13.8580| 7.5090| 21.4042| 4.9038| 50.2100| 900.7800
95 50.2570| .0210| 14.7900| 8.5916| 22.8336| 5.7627| 61.2800 1028.5670)
98 52.2780| .0240| 15.0262| 8.8510| 23.2363| 6.0234| 65.0064| 1067.4820
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Based on the Box&Whiskers charts, it can be ndiatldll the measured values for the CO, NO,NO
NOx, O;, PMand SQ@ parameters are within the Box&Whiskerschart, whizkans that the measures
of central tendency, the arithmetic mean and thdiameare in the correlation. That is, there are no
outlierswithin the measured values, which couldigicantly affect the mathematically calculated
values of the central tendency. On the other hdraldetermined position of the central tendency-
median does not deviate from the determined vabdfidise arithmetic mean, which indicates that this
is a homogeneous data set.

For the CH parameter, multiple outliers were identified, whaslues were not significantly high to
affect the occurrence of differences in the obthimalues of the arithmetic mean and the median. The
value of the arithmetic mean is 4.50 while the gadfithe median is 6.32 which confirm the above.

CONCLUSION

Challenges faced by sanitary landfills are complex,they are successfully handled at the Brijesnic
landfill. The sanitary way of waste disposalinsanjtcells, with the planned overlapping layers of
deposited waste and built-in multibarriGayers provided with drainage pipes for the lesshes the
best technical solution, thus the challenge of sdigposal of waste has been successfully
accomplished.

Continuous education of the population and raiginglic awareness regarding the advantages of
selective waste separation and the planned cotistmuof the recycling yard have created good
prerequisites for handling the challenges of insirgathe percentage of waste reuse and reducing the
amount of waste that will permanently be dispodeat the landfill.

The construction of a system for the collectionlaidfill gas from the sanitary landfills and the
discharge to the torch for gas incineration greatbntributed to one of the challenges of
environmental protection. Methane incineration fhesliy affects the reduction of GHS generation.
However, the future challenge would be the conituf a methane utilisation plant, for the energy
needs of heating facilities at the site of the fdind'his challenge is theoretically very possilie
achieve, using funds from the European funds.

Through regular monitoring and air quality contrfor several years, another segment of the
environmental protection has been successfullyamphted, which has minimised air pollution from
waste disposal activities.

On the basis of the conducted research, analydignéerpretation of the obtained air quality resudt
conclusion can be drawn that the current and futlv@lenges relating to air pollution from the
sanitary waste management method at the Brijesmidéll have been successfully identified and
positively resolved, and it is recommended to cumi in the same way, responsibly to the
environment.

(Received March 2019, accepted April 2019)
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