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ABSTRACT

Regional Landfill Brijesnica is located in the rurastern part of Bosnia and Herzegovina, and the
western part of the municipality of Bijeljina, abégan work in 2010, with an approximate area of 4.5
ha. The sanitary cells are built with protectiveulating materials - special geomembranes and other
materials that guarantee the protection of grouteiwa he landfill has a system to collect leaclzatd
biogas collection system. An equalization pool Wait to accept leachate with a recirculation syste
with the return of leachate into the cell. LeacHaben the equalization basin is in the monitoriregipd
directly discharged into surface flows (Majgkiikanal).

In this study, to determine the state of pollutminsurface and groundwater first a hydrogeological
analysis of the immediate area of the landfill ase. The analysis of the results of the monitodhg
leachate, surface water and groundwater in thispdiona period of four years was done. Monitoring
of these waters was made in all four seasons dww@vgral hidrological years in order to define a
degree of pollution of surface and groundwater.eBasn the results of analysis the undeniable impact
of leachate from the landfill to the surface watedmined but not in groundwater.
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INTRODUCTION

Regional landfill “Brijesnica” is located in the wteof Bijeljina Municipality. It is about 2 km away
from the eastern part of town, and about 1.5 kmyafn@m north-western and western side. Currently,
the first and second landfill cells, approximatdly ha, are in operative phase, i.e. in the phése o
disposing waste.

Waste from the municipality of Bijeljina and foueighboring municipalities in the region (Ugljevik,
Teasak, Lopare iCeli¢) is disposed at this regional landfill. The lalidivas build and put into
operation in 2010 with the aim of rehabilitating tbxisting and constructing a new regional sanitary
landfill within the World Bank project “Solid wastdanagement in B&H".

Protective isolation materials are built in sanjiteells — special geo-membranes and other matgerials
which guarantee protection of groundwater. Landfdls a leachate collection system and a biogas
collection system. Problem with removing surfacd groundwater from the landfill “Brijesnica” was
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solved by installing the system of longitudinal arehsversal PE and concrete drainage pipes. For of
evacuation of superficial outtake, a network oftpctive channels was built along the edge of

operational body. Thus, all leachate from the ldindf collected through drainage channels (pipes)

and brought in waterproof pool. A modern device legichate treatment constructed and put into

operation in 2014 at this landfill; it works on thenciple of reverse osmosis.

At the wider region of sanitary landfill locatiodiémeter 1.5 km) are located stream Brijesnica and
Majevicki kanal. The stream Brijesnica with torrential @wer collects water from surrounding hills
below the village of Brijesnica. The stream drigs during the summer and in winter drains the
atmospheric water (data on water flow and watellitygudo not exist). Brijesnica stream flows into
Majevicki kanal at about one mile north of the landfith the topographic terms the position of
Majevicki kanal is such that all surface water from thesaof the landfill gravitates toward it.

The drainage channel that collects storm water fitoenhills above the landfill and from the village
Brijesnica flows into Majewki kanal in the south side of the landfill. Regibhandfill is located at
the area west of the route of Majékii kanal, whose direction is south - north from eraburse
Dasnica, and on the west side it borders the éllagHase.

The landfill is protected from mountain waters bycaomferential channel as well as by
circumferential channel on the north side whichamdointo Majeveki kanal. To the south of the

landfill is located a drainage channel that drdloed waters from the surrounding hills and from
the village of Brijesnica.

Total of eight monitoring wells were constructed the landfill for the purpose of grounwater
monitoring. Those monitoring wells are locatedwo tprofiles perpendicular to Majesi kanal, and
the installation was performed immediately upon plation of the drilling process. Position of
monitoring wells is shown in distribution schemeobfmeasurement points (Figure 2).

Analyzing geomorphological forms of relief in widesa of research, as well as geological structure o
the wider area, we can reliably say that therawaoehydro complexes in the research area and wider,
which clearly define terrain hydrogeological coratis by their characteristics and functions. Dethil
investigations of the micro location of the futdaadfill clearly confirmed this concept. Generally,
from the hydrogeological point of view, the terragpresents a bilayer environment where top, roof
seam layer (silty - clayey sediments) representslative hydrogeological barrier, while the lower,
gravel layer, represents relative hydrogeologiocdector - reservoir of underground water (Figuye 1

It has been proved through several works that ib&dfr open damps represent serious threaten to
surface and underground water resources [1], edpettiose landfills that are constructed and ojgera
without impermeable layers for reduction of potahttontamination. The danger degree largely
depends on waste composition at the landfill andegeed leachate volume, as well as landfill
location in relation to the water body, groundwated surface water [2].

. HYDROGEOLOGICAL TERRAIN MODEL LEGEND
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Figure 1 Hydrogeological model of the terrain lathdfrijesnica
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At the landfill Brijesnica is performed continuousonitoring of leachate (on exhausted pipe of
equalization pool) as well as monitoring of groumatksy in the landfill surrounding (at total of 8
monitoring wells) and monitoring of surface water the landfill surrounding (channel K-1 and
channel K-2). Distribution of monitoring pointsshown on Figure 2.

4

ENTRANCE

- . / 1-CHANNEL 1 6- IpB-5
J 2-CHANNEL 2 7-1pB-4
8 3-1pB-16 8- IpB-12

4-1pB-8 9- IpB-13
5-lpb-7 10 -EQUALIZATION POOL

® MONITORING WELL

Figure 2 Scheme of places for sampling water alahefill "Brijesnica”

MATERIAL AND METHOD

Samplings and analyses of leachate, surface andhdwater are performed in accordance with
standard norms for waste waters sampling i.e.:

* BASISO 5667-11 — Water quality — Sampling

* BAS ISO 5667-14 — Water quality — Sampling — Gumawon quality assurance and quality
control of environmental water sampling and hargllin

« BAS ISO 5667-3: Water quality — Sampling — Guidancethe preservation and handling of
water samples.

As well as domestic legislation in this field, iRulebook for waste water discharged into surface
waters [3-4].

The analyses are performed in period: Septembed 20@cember 2013.
Water sampling was performed at the following |amad:

« Leachate — output tube of equalization basin
e Groundwater — monitoring wells IpB-5, IpB-7, IpB4gB-13, IpB-15 and IpB-16
e Surface water: Majevki kanal (K1 and K2)

Sampling was carried out in four different timeipds (seasons). Analyses of samples of leachate,
surface water and groundwater from sanitary lahiljesnica were performed in an accredited
laboratory "Sistem Qualita With", Pale, using stddmethods for testing of water and wastewater
[5-13].
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RESULTS AND DISCUSSION

The testing results of leachate for period 200932€dr basic physical-chemical parameters are
shown in table 1.

The results of analyses of groundwater based ogigdilychemical parameters are given in the table 2,
while the results of physical-chemical water conipas of Majevicki kanal presented through basic
statistic parameters for multi-year monitoring pdr(2009-2013) are given in the table 3.

Monitoring of waters at the landfill Brijesnica wasrformed from 2009 to 2013. Total number of
processed data is 57. Most of the data was obtéimmedgh analyzes of leachate and surface wager, i.
80% of the data. Analysis of wastewater using nawimgy wells were carried out from 2011 to 2013,
and these measurements comprise 20% of procestsed da

From total data for surface water (20 data), equahber was sampled during 2011 and 2013, that
includes 60% of processed data for surface water.rinimum number of samples was taken in 2009
I.e. one sample. 25 samples of leachate were sdraplde landfill Brijesnica that represents 45% of

all samples taken at the landfill. The largest nemtf samples was taken in 2012 i.e. 36%, then in
2013 (28%) and in 2011 (24%). In 2009 was not tadey sample of leachate, so it is noted that the
sampling of leachate at the landfill Brijesnica ev@erformed during the four years period, from 2010

to 2013.

Table 1 Results of the analysis of leachate froerlandfill Brijesnica for defined parameters

P
Parameter Unit 2010 2011 2012 2013 Mean Limit
value
pH - 8.26 8.99 8.81 7.23 8.47 6.50-9.00
Electroconductivity | pS/cnf | 2.193,3| 4.073,3 2.930,8 1.384,4 2.807 -
Total susp. solids mg/L 4.69 11.79 | 106.10 16.08§ 53.38 35
BODs mgQ,/L | 96.17 | 152.80| 115.2d 11.2§ 102.14 25
COD mgQ,/L | 259.37 | 451.50, 555.6( 38.8 403.89 125
NH4,-N mgN/L | 51.77 62.60 591.8] 1.593|8 551 10
Total phosphorus mgP/L 78.86 67.80 52.22 193.69 98.76 3
Total Kjelhdal mgN/L | 0370 | 0338 0207 0290  0.270 :
nitrogen

Table 2 Results of analysis of groundwater in gelfill environment Brijesnica for defined paraneste

N Electroconduc Total Tptal
Monitoring - o susp. BODs | COD NH,-N Total P | Kjelhdal
well vear PH tvity - /20°C solids g/n?® g/m3 g/m3N g/meP nitrogen

uS/cm
g/m3 g/m3N
Ip B 15 2011 7.83 580 31.32 4.82 19.37 0.296 0.166 4271
Ip B 15 2013 6.93 876 2.42 1.76 458 0.06 0.007 0
Median 7.38 728 16.87 3.29 11.95 0.179 0.0815 .58E3
IpB 5 2011 7 625 1.88 1.82 7.38 0.013 0.027 0.028
IpB 5 2013 7.02 756 1.36 2.32 5.46 0.158 0.013 0
Median 7.01 690.5 1.62 2.07 6.42 0.0855 0.02 (5h08,
IpB 16 2011 7.11 540 1.1 0.84 3.78 0.19§ 0.009 0.323
IpB 16 2012 6.88 726 17 1.49 5.9 0.483 0.022 8894
IpB 16 2012 7.13 594 2.83 1.68 4.35 0.017 0.013 0.12
IpB 16 2013 7.03 754 31.3 3.58 17.4 0.426 0.026 6231
Median 7.08 674 17.065 2.63 10.875 0.2215 0.0198115.56
IpB8 2011 7.27 512 7.74 3.32 11.27 0.141 0.0272 1447
IpB7 2012 7.36 523 4.22 2.26 11.7 0.051 0.213 0.131
IpB 13 2013 7.3 457 42.6 5.32 21.54 0.551 0.03 8173
MDK** 6.8-8.8 400-600 25 | 6010 010029 $O /
**Reference values according Regulation on water classification and categoriaatof water streams
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Table 3 Results of the analysis of physical-chehdoaposition of the water Majaiki kanal

Parameter Unit N Min. Max. Range Mediaf Mean St. dgvWater
Class
pH - 30 6.71 10.300 3.59 7.305 7.45 0.6} 1
Electroconductivity | pS/cm 30 | 15.67 8.320 8.304.33 517.5 1.168/42 1.895.8 4
Total susp. solids | mg/L 18 1.1 134.4 133.3 18 30.05 35.62 5
Tot. dry matter mg/L 25 | 234.00| 4.778.43| 4.544.43 358.19  994.17 1.366.54
BODs mgGOy/L 19 0.86 135.00 134.14 4.2 18.19 35.14 3
COoD mgQ/L 30 3.78 888.30 884.52 17.99 80.2 18436 4
Total P mgP/L 19| 0.083 1.843 1.842.9 0.327 157.4@4178.24 5
Cuprum Ho/L 30 0.5 176.2 174.7 14.81 18.95  31.493 2
Zink Mo/l 19 1.6 1.439.00 1.437.4 8.33 92.18 28033 D
Cadmium Ho/L 11 0.00 0.220 0.220 0.188 0.188 0.98 g
Nicl Ho/L 29 0.85 24.10 23.25 5.75 6.39 5.87 2

Based on water physical - chemical compositiorhefrecipient (Majevki kanal) and in accordance
with the Regulation on water classification andegatization of water streams certain comments to
the results of the surface water at the sanitandfith Brijesnica site can be given. Surface water
quality in which landfill leachate drain (Maje¥ kanal) show a constant tendency of increased
concentrations, mostly of those pollutants thatiacreased in leachate (BOD, COD, total nitrogen,
total phosphorus, chloride, etc.).

Since the leachate from the landfill flow into Majgki kanal without prior treatment as well as the
fact this channel is the recipient with relativelgor yield, the direct impact of leachate on theewa
quality of a the receiver was expected. Basicdlflis channel does not have a steady stream, bt als
serves to collect the surrounding storm water duperiods of intense rainfall. Therefore, it coessl
artificial water facility, which does not have itg/drodynamic stability, and in periods of scarce
rainfall may even dry up. In this period undilutedchate directly discharged in the stream reptesen
only flow of the stream.

In accordance with the Regulation on water classifbn and categorization of water streams RS,
Majevicki kanal, as an integral part of the River Dring,ciassified as Class Il of watercourses
(moderately polluted watercourse, whose waters atabha used as drinking water and for human
consumption before pre-treatment). According to rtientioned Regulation, the water classified as
class Il represents water that after appropriatattnent (coagulation, flocculation, sedimentation,
filtration and disinfection) can be used for drimig Water in its natural state can be used for
swimming, water sports, and for the growth of ciish species. However, the analysis results of this
surface stream showed that the water of Majéwanal can be classified from class Il to V, rhea
results for most of the analyzed parameters.

To be specific, during the entire test period, Ythies of many parameters were increased and thus
classified water of the stream as highly pollutedex. Based on the above, it can be clearly cordud
that there is a direct impact of leachate disctdfgem the landfillBrijesnica on surface water of
Majevicki kanal. Also, due to its compaosition, the leaehabuld not be allowed to discharge into the
receiver, before an appropriate treatment [14].

In order to determine the relevant impact of laht#achate on the surrounding groundwater quality,
the comparison of water quality between upstreach dmwnstream monitoring wells (position in

relation to landfill location) was performed. Gralwater pollution may be a natural phenomenon
caused by various organic decomposition processtgisoil and therefore it is important to compare
the qualitative parameters of groundwater thatndrdnto landfill and waters leaching from the

landfill.
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Change of the groundwater levels in analyzed mangowells indicates the phenomenon of increased
monitoring wells self-outflow. This means that paptions directly infiltrate into ground so the gnolu
water level is directly dependent on the sludgéhi precipitation environment. During groundwater
monitoring the groundwater levels in the range 8f08- 89.5 m above sea level were observed.
Depending on the terrain morphology, the level miugdwater reservoir was on the relative depth of
1.9 m (ascertained in monitoring well IpB8) to 2#hY (ascertained in monitoring well IpB12).
Variations in groundwater level are relatively sinag. the multi-annual level did not exceed vatifie
3.0m.

Bearing in mind location of monitoring wells IpBHB5, IpB12 immediately above the landfill the

lowest levels of ground water were noted in thefime &nalyzed samples in those monitoring wells
could represent the groundwater quality outsiddahdfill influence zone, because the sampling poin
is located upstream from the landfill. The watesnir all monitoring well had weak smell. Small

sediment content in monitoring wells during the manmng confirms the fact that there is about
environment with larger filtration characteristlwsilt from gravel layers.

With this observation the several years monitorgigcle has been closed based of which the
appropriate conclusions about the landfill Brijesnieachate influence on groundwater can be drawn.
As a result of multi-year groundwater observatiornhiese monitoring wells, it can be concluded that
the most representative monitoring well for evdtratof the landfill waste decomposition process
influence on groundwater quality could be taken rif@nitoring wells downstream from the landfill
(IpB7, 1pB8, 1pB16).

Electroconductivity of groundwater and water in g&h depends on the water mineralization degree.
Bearing in mind that the measured values of groatemelectrocunductivity are above the reference
value it can be concluded that here is about pratheralized waters. This is a natural phenomenon
and the same values were identified at monitoriefjshocated upstream and downstream from the,
that indicates the existence of a local influenae,the existence of several micro aquifers that a
influenced differently by the leachate.

Several works proved that landfills or open dungssipposed a serious threat to the groundwater and
surface water resources [15], especially those fillndouilt and put into operation without
impermeable layers for reduction of potential camtetion. The danger degree largely depends on
waste composition at the landfill and generatedHate volume, as well as from the landfill site in
relation to the water body, groundwater and surfeater [2].

Accordingly, waste leachate discharge in receiveay lead to significant reduction of dissolved
oxygen in water while in extreme situations it cammpletely disappear, so there is a complete
extinction of the aquatic life in some waters withgurification of contaminated leachate prior to
discharge. This is particularly expressed in theeaaf receivers with low flow rates and during dry
periods when water flow is additionally reduced.eDio its characteristics leachate influence on
surface water in the vicinity of the landfill isident, especially in the terms of organic and eutri
pollution [16].

Many authors come up with results regarding thelfiirieachate influence on the surface water.
Thus, many researchers [17] concluded that theh#acdirectly mixed with surrounding surface
waters without pre-treatment causing severe pohutf water and soil in the landfill vicinity.
Particularly were recorded leachate impact on Bmireg of biological pollution (BOD, COD),
ammonia nitrogen and heavy metals in the surrognsiimface waters [18].

Also, the results of these investigations indidatéhe necessary water treatment prior to discharge
into surface water or surrounding soil. Due to divect influence of leachate composition on quality
and composition of surface flows in which they digcharged, the impacts on aquatic communities
can also be expected.

Technical Institute Bijeljinarchives for Technical Sciences. Year VII*AR. 78



KneZew, N. et al: Variation impact ...... Archives for Technical Sciences 2015, 12(1),73-8

When it comes to Majetki kanal, where biotic world is poorly developele tconsequences can be
felt by next receiver, i.e. the Drina River basiso, due to the slow flow in Majeski kanal during

the summer months, and due to the increased infddwnutrients through the leachate, the
eutrophication and direct impact on aquatic wotkdrgyes and the oxygen content in the water can
occur. The sensitivity of fish to the toxic substes effects (eg. heavy metals) increases when
dissolved oxygen level decreases [19].

CONCLUSION

Based on performed investigations of leachateasarfand groundwater at the location of landfill
Brijesnica, the following can be concluded:

* The analysis results of landfill leachate show tii#t most of analyzed parameters exceed
given limit values so they must not be discharged surface or groundwater before adequate
treatment.

e The level of underground water in observed momgpsivells at the landfill location is directly
correlated with atmospheric perceptions dependingupstream and downstream zone of
regional landfill. With increase of precipitatidmet groundwater level also rises.

« Landfill leachate directly influence quality of $ace water (Majewki kanal), that is
confirmed in physical-chemical analyses of surfaager.

* The ground water analyses results show that theevafl certain parameters deviate from the
reference value, but there is no possibility tongprilandfill leachate influence to the
surrounding groundwater in a direct connection,egivthat significant variations in
groundwater quality were not registered duringrti@nitoring. This is supported by the fact
that regional landfill Brijesnica was constructedthamcomplete system for landfill bottom
protection (multi-barrier protection) as well asthact that all leachate are collected in
equalization pool through drainage collecting systpipes, and finally discharged into
Majevicki kanal.

« Different pressure and mineral composition of gawater leads to the conclusion that the
layers are independent from each other, but iteidain that there is no direct impact of
leachate to the groundwater in the downstreamabaine landfill.

* Final evaluation of landfill Brijesnica leachatdliu@nce on surface water and groundwater in
monitoring period show that leachate from disposedte were leached partly directly in the
ground water, while the most of the leachate weaehed directly into Majetki kanal. The
degree of groundwater and surface water pollutsonat high, but future monitoring of this
water have to be performed, in order to avoid aomation on wider scope or some other
unintended consequences.

(Received March 2015, accepted March 2015)
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