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ABSTRACT

The paper presents the impact of the construciteno$ a part of the Banja Luka — Doboj motorway,
section 1: Banja Luka — Prnjavor, in the settlen@mniloSevac, on the quality of water in the riger
Vrbas and Crkvena. Before the construction of a hadge, the zero state was determined in the direc
vicinity and at locations downstream from the camgion site in order to have a realistic pictufe o
impacts of the mentioned construction on the gualitsurface waters. Comparison of the data acduire
by continual monitoring of a significant number mdrameters (total 18) during 12 months and their
zero state, i.e. their values before the commennemk construction, gives a realistic overview of
impacts of the construction site on the qualityvater in nearby surface watercoursesthe case that
the execution of civil works proves to have a niegaiimpact on the quality of these rivers, the eaof
negative impacts shall be determined and additiovedsures of prevention, reduction or mitigation of
impacts shall be taken.
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INTRODUCTION

When executing civil works at the considered camsion site of a part of the Banja Luka — Doboj
motorway, there is a certain number of activitieattcan cause negative impacts on water quality.
With this regard, civil works (removal of the nalicovering layer and disturbance of natural fegdin
directions) are the greatest hazard, followed bydimg machines (accidental spillage of oil and oil
derivatives) and backfilling watercourse bed withilding material due to contractor's negligence.
Potential negative impacts can be reduced to pseiiéslimits by applying adequate measures that are
defined by the environmental permit [1]

Traditional approaches to assessment of the quaflitiver water are based on comparison between
experimentally determined values of parametersth@dkxisting local norms. However, this does not
provide a global vision of the spatial and tempasaliations of the total quality of water [2An
analysis of any observed parameter only givesagldriormation on the total water qualifg]. The
quality of surface waters is determined by natamadl anthropogenic processes to a great extent.
During an annual hydrological cycle, the quality safrface waters depends on many natural and
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anthropogenic factors: precipitation, deposits, @msion of soil in a watershed, population dgnsit
and development of industry in the watershed [4B impact of pollutants on river courses depends
on: type of pollutants, their concentration in Weter and length of exposure to human activiti¢s [6
According to the previous researches we can stak the most prominent pollutants in Vrbas
drainage basin and watercourse are industrial amdhwnal waste waters, occurrence of random
waste landfills (the so-called "wild landfills"yafffic, agro-chemical agents ef€].

Subject sampling comprised water from the Vrbas @ridiena riverbeds, settlement of MiloSevci, in
the direct vicinity and at locations downstreamrmirthe Banja Luka — Doboj motorway construction
site, section 1: Banja Luka — Prnjavor. The purpoiserater sampling is monthly monitoring of the
quality of water in the rivers Vrbas and Crkvendhwihe aim of monitoring the impact of works
execution on these watercourses.

Knowing and maintaining the quality of watercoursssa good basis both from the aspect of
agriculture development and from the aspect ofetinironmental protection. Monitoring of surface
waters represents a very significant factor indbastrol of water quality and thus the human health
protection.

DETERMINING THE QUALITY OF WATER QUALITY IN THE TERRITORY OF THE BANJA
LUKA — DOBOJ MOTORWAY CONSTRUCTION SITE IN THE SETEMENT OF MILOSEVCI

Credible determination of the water quality in thehe territory of the Banja Luka — Doboj motorway
construction site, in the settlement of MiloSeverjuired the measurement of a number of parameters
at two locationsi.e. from the Vrbas and Crkvena riverbeds.

Full tests of water samples were conducted in a@ecwe with the accredited methods prescribed by
BAS/EN, by an accredited laboratory Euroinspekt LO€j&ani, Doboj; the results were synthesised
and presented in the form of tables.

In each cycle of tests, the water quality paranseteare measuresdas follow:

e temperature, e cadmium,

e pH, e chromium,

e total dry residue e copper,

e suspended solids, e nickel,

e electrolytic conductivity, * lead,

« COD, * zinc,
 BODs « fats and oils,
e iron, » sulphates,

e manganese, e chlorides.

Sampling frequency was once a month, i.e. a tétAPdimes during the year 2016.

MEASURING LOCATIONS

With the aim of analysing the quality of waterstie area of the Banja Luka — Doboj motorway
construction site, in the settlement of MiloSewtiyface water was sampled and tested in are of the
construction site, i.e. its direct vicinity at twacations.

Water sample for quality analysis of the Crkvineeri water was taken downstream from a river
crossing over this bridge in the settlement of Bieac (at a location that is closest to the coostm
site), whereas a water sample for quality analykthe Vrbas river water was taken downstream from
the location where a bridge is constructed andidbation of a stone aggregate separation plant of
company Niskogradnja, Laktasi.
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Figure 1. Vrbas river bed sampling location Figure 2. Crkvena river bed sampling location

Coordinates of the taken Vrbas river sample dowastr form the location where a bridge is
constructed within the motorway, LaktaSi, sampld4°54'40.28" N and 17°21'23.73" E (fig. 1).
Coordinates of the taken Crkvena river sample, &a@p44°54'3.48" N and 17°21'22.56" E (fig. 2).

METHODS OF TESTING

After sampling a specific type of water, compositanples were formed whose temperature and pH
were determined on the spot, and the remaining Esmpere adequately, in line with standard
methods, conserved and sent for laboratory analysis

Results of the analysis of water samples from thers Vrbas and Crkvena were commented in line
with the Decree on water course classification @atedgorisation (RS Official Gazette, No. 42/01) [8]
For parameters that belong to the group of genghgkical and chemical parameters, quality
assessment of the tested sample is conductedanwlith relevant values for each parameter and
related water class. An overview of tested pararaeted used methods is given in table 1.

Table 1List of parameters with test methods

No. Parameter and unit Test method No Parameteuaih Test method
i 3
1. (}/gater temperature, BAS DIN 38404- 10. Cadmium, mg/m
4:2000 BAS ISO 8288:2002
2 Water pH value BAS SO 10523: | 1 Content of chromium, - 5\ o =\ 1933:2002
total and hexavalent,
2002
mg/n?
3. Total dry residue, 12. }
g/m? BAS EN 872:2006 Copper, mg/m BAS ISO 8288:2002
4. gS/err']sspended solids, BAS EN 872:2006 | 13. Nickel, mg/rﬁ BAS ISO 8288:2002
5. Electrolytic BAS EN 14. . 3 )
conductivity, uScrit | 27888:2002 Zinc, mg/m BAS ISO 8288:2002
6. BODsat 20C, gO/m°® | BAS I1SO 5815- 15. Lead, mg/m3
2:2004 BAS ISO 8288:2002
. i 3
7. EE:SDZIDmgrom KMnQ, BAS I1SO 6060:2000 16. Fats and oils, mg/m EPA 1664-R-A * 1999
8. Iron, mg/m3 BAS I1SO 6332:2000 17. Sulphates2g/m ASTM D 516:2007
9. Manganese, mg/m3 BAS I1SO 6333:2003 18, Chésrid/m3 JUS ISO 9297:1989
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Assessments of the environmental and chemicalsst@titsurface waters in line with the Law on
Waters (RS Official Gazette, No. 50/06) [8hd the Decree on water course classification and
categorisation (RS Official Gazette, No. 42/0Bccording to the standard definitions of the
environmental status of water quality and permiesiimit values for some quality parameters, all
surface waters comprised by the mentioned Deceeelassified into five classes, 1 to 5.

According to the environmental quality of water, iglh must be maintained or achieved by
introducing preventive measures and best econowa@dadle technologies, the Vrbas river surface
course is classified into 1l watercourse categanyd the Crkvena river belongs to | water quality
category [8].

MEASUREMENT RESULTS
Based on the results of measurement of tested péeesrof surface water quality of the rivers Vrbas

and Crkvena at the subject location, results canntented in line with the Decree on water course
classification and categorisation (RS Official GtzeNo. 42/01) [8].

Table 2Measurement results, River Vrbas, downstream fitwrbtidge construction location

JAN. | FEB.| MAR| APR | MAY| JUN | JUL | AUG| SEP| OCT NOV DEQ
Water 5.1 8.3 7.8 11 111 19.2 155 18 18.3 10.2 9.8 4.1
temperatur
e, °C
pH — value | 7.56 7.92 8.11 8.08 8.04 8.11 8.21 8.12 7.98 7.86 .857| 7.64
Total dry| 276 293 244 243 264 268 125 120 106 124 286 226
residue,
g/m3
Suspended| 6.4* 3.2* 6.0* 4.0* 10.2* | 185 20 4.8* 6.3* 2.4* 13 | 11.9*
solids,
g/m3
Electrolyt. | 347* | 372* | 382* 363* 368* 393* 401* 457* 437* 422* | 1A* 154*
Conductiv.
BODS5, 3.0* 8.0** | 3.5* 3.0* 3.5*% 8.0** | 4.8 4.9 4.4 4.0* 3. 3.9
go,/m’®
COD, 9.4* 28.5 15.0* | 9.0* 11.0*| 18.9 12.8% 15.7 12.8F .22 | 15.8 12.8
go,/m’®
Iron, 83.8 61.5 80.6 79.5 112.9 110* 29.5* | 32.3* | 42.0*| 131.0| 69.3* | 200.0
mg/m3 * * *
Manganese 40.6* | 23.1*| 36.0* | 32.0 | 36.9*| 34.6*| 41.0% 37.3* 4% | 11.0* | 31.9* | 25.9*
mg/m3
Cadmium, | <0.05| <0.05| <0.00| <0.00 | <0.00 | <0.00 | <0.00 | <0.00 | <0.00 | <0.00 | <0.00 | <0.00
mg/m3 5 5 5 5 5 5 5 5 5 5
Chromium | <56.0 | <5.0 | <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5. <5.p0 5.0< | <5.0
Copper, 1.3 1.9 15 <1.0 | <1.0| <1.0| <10/ <1.0 <1 <1.0  <1/0<1.0
mg/nt
Nickel, <0.05 | <0.05 | <0.05* | <0.05* | <0.05*| <0.05*| <0.05* <0.05% <0.05% <@* | <0.05* | <0.05*
mg/nt i i
Lead, <01 | <0.1 | <0.1 | <0.1 | <0.1 <0.1 <0.1 <0.1 <0.1 <0.l 0.1< | <0.1
mg/m3
Zinc, 1.9 3.0 1.6 1.0 1.0 1.3 1.3 1.3 1.0 <0.1 <0.1L <01
mg/m3
Fats and <2.5 <27 <7 <27 <27 <27 <2.7 <2.7 <2.7 L2 2.79< | <27
oils, mg/m3
Sulphates, | 19.6 15.7 20.4 <1.0 17.2 14.3 17.3 17.6 258 18|9 2.7 3| 34.7
g/m3
Chlorides, | 4.8 34 4.9 4.8 2.7 2.7 2.0 1.4 3.4 6.8 3.4 3.8
g/m3

* Values reduced in comparison to the zero momitpri
** Values increased in comparison to the zero nwimg
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Although according to the Decree on water couraesification and categorisation [8] the Vrbas river
must meet the criteria prescribed for Il waterceurpiality class, the concentrations of major
measured parameters at the location satisfy theesgbrescribed for | watercourse clasdal dry
residue,manganese, cadmiunchromium, copper, nickel, zinc, lead, fats and,odlslphates and
chlorides. The values of two parameters were withénlimits of quality prescribed for Il watercoars
category, as follow: iron and electrolytic conduityi.

Deviations from the related Il water quality classthis measuring location were identified for the
following parameters:

e suspended solids — values were within the thirdsclamits (in January, February, March,
August, September and November), fourth class @@y nd December) and the fifth water
quality class (u June and July,)

* BOD:s - values were within the third water quality cldissits (in January, February, March,
August, September and November), in the fourthsdliasits (in May and December), and in
the fifth water quality class limits (in June andy)

e COD from KMnQ, - values were within the third class limits (in Mh, May, July,
September, October), and the fourth water qualagsc(in February, June, August, November
and December)

Table 3Measurement results, River Crkvena, at the locatiosest to the construction site

JAN | FEB | MAR| APR| MAY | JUN | JUL | AUG| SEP| OCT NOVY DE(Q

Water 0.5 7.4 7.7 12 13.2| 19.2 19 18 196 9 8.9 il
temperature
°C

pH-value | 7.34| 7.78| 795 79y 809 806 822 78279 | 781 | 784| 7.66

Total dry| 248 242 239 250| 262 260 105 103 1165.7 106 292 275
residue,
g/m3

Suspended | 7.3* | 5.5* | 6.9* | 6.6* | 12.8*| 18 8.8*| 5.4*| 55*| 4.0* 19 | 20.7
solids, g/m3

Electrolytic | 391* | 268* | 312* | 339*| 362* | 364*| 431*| 442* 415* 3844 08* | 426*

conductivity

BODS, 3.0 | 7.5* | 3.6* | 3.0 | 4.0* | 9.0* | 4.8 4.9 4.8 4.4%| 2 5.3
g0o/m’

COD, 9.4* | 247 | 12.0*| 9.0*| 13.5% 14.8% 14.8tr 16.8| 14.6* 3B* | 14.3*| 15.7
g0o/m’

Iron,mg/mé | 94.4 | 589 | 90.8| 88.6 96.2] 99.2 89 853 988 93.06.87 67.0

Manganese,| 76.0 | 22.9*| 64.8 | 66.0f 549/ 554 589 496 709 27.24.9*| 19.9*

mg/m3
Cagdmium, <0.05 | <0.05 | <0.005 | <0.05 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005
mg/m?
Chromium <5.0 | <5.0 | <5.0 | <5.0 | <5.0 | <5.0 | <5.0 | <5.0 | <5.0 | <5.0 | <5.0 |<5.0
Copper, 1.4 1.8 1.0 1.0 1.0 1.0 1.0 1.2 1.3 <1/0<1.0 | <1.0
mg/n?
Nickel, <0.05| <0.05| <0.05| <0.1 | <0.1 | <0.1 | <0.1 |<0.1 |<0.1 |[<0.1 |<0.1 |<01
mg/n?
Lead, <0.1 | <0.1 |<0.1 |<01|<01 [<01 |<01 [<0.1 |<0.1 |[<0.1 |<01 |<01
mg/m3

o

Zinc, mg/m3| 2.3 2.9 1.6 1.8 14 15 14 13 1.2 1.0 1.4 1.

Fats and <25 | <25 | <27 | <27 | <27 | <27 | <27 | <25 | <27 | <25 |<25 |<27
oils, mg/m3

Sulphates, | 36.0 | 24.8 | 26.8| 124 27.1 25% 43 400 256 13.66.13 37.8
g/m3

Chlorides, | 7.8 4.4 6.6 4.07| 54 4.7 7.5 169 10)9 122 8.82439
g/m3

* Values reduced in comparison to the zero momitpri
** Values increased in comparison to the zero nwimg
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In comparison to the zero monitoring, i.e. valuethe analysed parameters before the construcfion o
a bridge on the river Vrbas, we can draw a conctushat the values of a majority of monitored
parameters in 2016 were in the same or a bettarrwaiality class, except for B@Dwhose values
were higher in two samples (in February and Juhablge 2).

The analysis of water samples from the river Crvehowed that a majority of parameters stayed
within the limits prescribed for | watercourseeggiry [8] during the entire year: pH value, tota} d
residuejron, cadmiumgchromium, copper, nickel, zinc, lead, fats and, @ildphates and chlorides.

Deviations from the related first water qualitass$ at this measuring location were identifiedtter
following parameters:

e electrolytic conductivity — values were within tisecond water quality class limits in the
following months: July, August, September, Novemdnad December

e suspended solids - values were within the thirdslémits (u January, February, March,
April, July, August and September), fourth clasdMay) and the fifth water quality class (in
November and December)

 BOD:s - values were within the second class limits @mulry, March, April and May), the
third class (in July, August, September, Octobayéinber and December), and in the fourth
water quality class limits (in February and July)

« COD from KMnQ, - values were within the second class limits @muhry and April), the
third class (in March, May, June, September, Octaloel November), and the fourth water
quality class (in February, August and December)

« Manganese — whose values stayed within the secatef wuality class limits in the following
months: January, March, April, May, June, July Segtember.

The values of certain parameters comprised by mong during the year 2016 in the river Crkvena
were lower than the zero monitoring, notably: susieel solids, electrolytic conductivity, B@BCOD
and manganese.

The values of suspended solids during the zeratororg were within the fifth water quality class,
the values of electrolytic conductivity and COD hiiit the fourth class, BODvalues within the third
class, and the values of manganese within the dewater quality class. Only the values for BOD
were increased in two samples (in February and)Jarmomparison to the zero monitoring, meaning
in comparison to the recorded values before the nbemecement of works at the mentioned
construction sitéTable 3).

Water temperature is a significant parameter froemaspect of solubility of oxygen and other gases
from the air in water; in increase in temperatutgoaincreases the speed of oxygen demand
(biochemical oxidation).

In the analysed samples of water, the highest temtyre of surface waters was registered in the
sample of water from the river Crkvena in the moottSeptember when it was 196, whereas in
the river Vrbas temperature rose up to 1 2registered at the mentioned measuring locaticthe
month of June 2016.

A measured pH value in the samples of surface waten at the measuring location 1 (samples of
water from the Vrbas river bed at a location dowe®n from the location where a bridge on this river
is built) ranged between 7.56 and 8.21, and atrtbasuring location 2 (from the Crkvena river bed at
a location that is closest to the construction) gte value ranged from 7.34 to 8.22, which is withi
the limits for the first surface watercourses gyatiass amounting 6.8-8.5. It should be streskatl t
the measured pH values in the river Vrbas (meagudgation 1), in May and June were higher than
the zero monitoring, whereas in the river Crkvetlaregistered pH values remained within the
permitted limit values for the first water qualtlass, with no significant changes.
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The highest registered value of BQ@as 8 g@m® in a sample taken from the river Vrbas and 9
gO,/m® in a sample taken from the river Crkvena, wherh values were registered in the month of
June. Both values belong to the fourth water qualiass according to the mentioned Decree [8],
whereas during the zero monitoring the values oDB@ere within the third water quality class.
Biochemical oxygen demand (B@Drepresents a quantity of oxygen consumed by mrganisms to
decompose organic substances in the water; it isajoa quantity of oxygen needed to perform
biological oxidation of present degradable waterraints.

Decomposition of organic substances in water coesuoxygen so that the quantity of oxygen is
reduced in polluted waters. A decrease in the dyaoft dissolved oxygen as a consequence of the
decomposition of organic substances can jeoparehager life through disturbances in the
environmental balance in the water. Large quastigé organic substances (microbes and organic
waste that decay) in the water represent a potdwatiard to water ecosystems and human hgHkh

It is a known fact that a high biochemical oxygeménd caused by a high level of organic pollution
most frequently generated as a consequence ofad@gnly poorly treated or untreated waste waters.
A noticeable problem with heavy loading of the \&braser watercourse with communal and other
waste waters has existed for a longer period; sthieen registered at the measuring profiles last te
years, as documented in the reports of Institute Vitaters, Bijeljina, that implements regular
monitoring of the quality of surface waters in Rilka Srpskd11].

Still, the amounts of BOD5 of 8.0 gO2¥mas registered in the river Vrbas, and 9.0 g32ks
registered in the river Crkvena, downstream frommghbject construction site, are very worrying and
demand a greater attention to their cause in tle®roimg period, should such high concentrations
repeat.

The pollution of watercourses jeopardises not dnéyliving world therein, but has a direct impant o
the population, given the impact that the surfaetevcourses have on the underground water body
among other things.

CONCLUSION

Results of measuring the quality of water at twasuging locations in the area of the Banja Luka —
Doboj motorway construction site, in the settlemeihMiloSevci, lead to a conclusion that no major
changes in comparison to the zero monitoring haeeiwed, it is to say in comparison to the values o
analysed parameters prior to the bright constroati@mmencement. Water quality for a majority of
the total of 18 tested parameters meets the pbestctiwater quality class for the river Crkvena, Il
water quality class for the river Vrbas, in linetlwihe Decree on water course classification and
categorisation (Republika Srpska Official Gazette, 42/01).

In comparison to the zero monitoring, we can drawoaclusion that the values of a majority of

monitored parameters, during the year 2016, wetbénsame or a better water quality classept

for BODs, whose values were higher in two samples in bio#rs. The significance of determining a

water quality level in the rivers Vrbas and Crkvémahe construction site area, i.e. its direcinity,

and comparison against the zero monitoring, ligbénobservation of possible negative impacts ef th

construction site on the quality of water in thenthened rivers in order to take adequate measores t
prevent, reduce or mitigate further pollution.

(Received September 2017, accepted September 2017)
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