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ABSTRACT

Construction of the silica material factory namd®tS Silicon", with an annual production capacity of
15,210 ton of Si-metal, was planned in the villagéjelajce, municipality of Mrkonfi Grad. The factory
for production of Si-metal shall have direct andiiact environmental impacts, especially on watbss,
washing off working areas, leachate and other wasater that must be treated due to contaminatiothat
their quality would be at least the quality of sud recipient into which they are discharged.

Before the construction, i.e. commissioning of sabjfactory, it is necessary to determine the zero
condition of waters quality around the factory mler to have a realistic picture of its impact ba tvater
quality during its operation.

Key words:factory "R-S Silicon", water quality, zero conditio

INTRODUCTION

Basic part of factory "R-S Silicon" is its electacc furnace, which represents a reactor in whighndcal
reactions are conducted at high temperatures, tirgguh the production of Si-metal as the principal
product and silicate dust as a by-product [1].

With the aim of determining the “zero condition” tiie quality of surface waters in the area of
construction site "R-S Silicon", MrkojiGrad, in order to follow up the mentioned plaintipact, surface
waters were sampled and analysed at 3 measuring spery month during the year 2015. Based on the
established condition, water quality is monitoreding later operation of "R-S Silicon", factory ftire
production of silicon metal. The factory is locatmu the bank of the Crna rijeka that representsrbst
significant watercourse in the area of the munidipaf Mrkonji¢ Grad. The Crna rijeka, as well as its
river system, in an area of about 111.0G krapresents a primary recipient of untreated waster from
many settlements in its watershed [2,3]. The qualitsurface waters is to a great extent determined
natural and anthropogenic processes. During thaadrtydrological cycle, the quality of surface wate
depends ora number of natural and anthropogenic factors: spineric precipitation, deposits, i.e. soil
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erosion in the watershed, number of populace ardldement of industry in the watershed area [4,5].
The impact of the pollutants in the rivers depeadsthe type of pollutants, their concentrationsha
water and the length of exposure to human activ/[B¢

According to our preliminary researches, we catedtaat the most prominent polluters of the watedsh
and watercourse of the Crna rijeka are industndl@mmunal waste waters, occurrence of randomewast
landfills (so-called “wild landfills), traffic, agr-chemical agents etc. The impact of industrialtevagters

on environmental water ecosystems, and on humangelisis multiply inconvenient. Depending on
industry type, in waste waters can be found not dntreased concentrations of organic, but also
inorganic substances, especially ions of toxic lmedad newly synthesised organic compounds that had
never occurred in natural waters.

Knowing and maintaining the watercourse qualityrespnts a good basis from both the aspect of
agriculture development and from the aspect ofetliironmental protection. Surface waters monitoring
represents a very significant factor in the momitgof water quality and the health of living besng

DETERMINATION OF WATER QUALITY ZERO CONDITION IN THE AREA
OF THE FUTURE FACTORY "R-S SILICON"

For a credible determination of water quality ire tarea of the future factory "R-S Silicon", it was
necessary to perform measurements of certain péeesrat several locations. All tests of water sampl
were done in line with accredited methods presdrity BAS/EN, at the accredited laboratory
"Euroinspekt” LLC Osj&ani, Doboj, and results were synthetized and presented the form of a
diagram. Measurements were done at three locatidrese surface water and groundwater were sampled
in the area of construction site; it is to sayditect vicinity.

Every test cycle consisted of measurements ofdtewfing parameters of quality of surface waterd an
groundwater:

» temperature,

* pH,

« total suspended solids,

» precipitation solids (Imhoff),

» electrical conductivity,

« COD,

hd BOD5,

» dissolved oxygen,
e ironand

* mineral oils.

Sampling frequency was once a month; it is to sagries during the year 2015.

MEASURING LOCATIONS

With the aim of analysing the zero condition of eratjuality at the location of the future factory-R
Silicon" Mrkonji¢ Grad, surface waters and groundwater were samghed tested in the area of
construction site, it is to say its direct vicinitythree positions, Figure 1:

1) the Crna rijeka watercourse, at a distance of €ar@@ownstream from the construction site plot
(measuring location 1),
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2) a concrete shaft in which water from the undergdowsll is collected in the area of construction
site, next to the administration building (measgtiocation 2),
3) the Crna rijeka watercourse, upstream from thestril plot (measuring location 3).

Figure 1. Water sampling positions

Surface water sampling locations coordinates (Cijaka), ca 200 m downstream from the construction
site plot (measuring location 1.): 44° 26' 28.72am 17° 9' 26.56" E, Figure 2, sample 1.

Sampling spot. Sampling spot 2. Sampling spot 3.

Figure 2. Place of sampling

Water sampling positions coordinates in which wétem the underground well is collected (measuring
location 2.) are 44° 26' 18.46" N and 17° 9 '5.BQFigure 2, sample 2.

Surface water sampling locations coordinates (Cijeka), upstream from the industrial plot (measgri
location 3.) are 44° 26' 18" N and 17° 9' 82" Eureg2, sample 3.
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TESTING METHODS

After sampling certain type of water, composite pbes were formed in which some parameters (T, pH,
dissolved Q) were determined on the spot, and the remainingpkss were adequately conserved and
sent for laboratory analyses in line with standaethods.

Results of analysing water samples from the Crjekaiwere commented in line with the Decree of
watercourses classification and categorisation (Ri®ial Gazette, No. 42/01))7]. For parameters that
belong to the group of general physical-chemicahpeters, tested water sample quality assessment wa
done based on relevant values for each parameateovérview of tested parameters and applied methods
is given in table 1.

Table 1List of parameters with testing methods

Ord. | Parameter Standard testing methgd OfdRParameter Standard testing methpd
no. no.

Chemical oxygen
6. demand — HPK BAS I1SO 6060:2000
(with potassium Reflux distillation and
dichromate) titration

BAS I1SO 5815:2002
Biological oxygen | Determining biological
2. pH value of water| BAS ISO 10523: 2010 7. demand after 5 days oxygen demand with an

1. Water temperature BAS DIN 38404-4:2000

Electro-chemical - BPK;5 electro-chemical -
oxygen meter after 5
days
Total suspended BAS EN 5814:2014
3. solids BAS EN 872:2006 8. Dissolved @ electro-chemical -
Filtration and gravimetry oxygen meter
BAS I1SO 6332:2000
4, Precipitable solids Spectrophotometric at
after 30 minutes | EPA 160.5:1974 9. Iron 510 nm. (with 1,10
by Imhoff fenantrolin)
Electrical BAS EN 27888: 2004
5. conductivity electro-chemical 10. | Mineral oils EPA 1664-R-A : 1999

According to normative definitions of the ecolodistatus of water quality and allowed limit valuies
some quality parameters, all surface waters corghrig/ the Decree of watercourses classification and
categorisation (RS Official Gazette, No. 42/08 alassified into five classes, from 1 to 5. Acdogdto

the ecological quality of water, which must be ntaiimed or achieved by introducing preventive measur
and the nest economically available technologhesQrna rijeka surface watercourse is classifietiénl|
watercourse category.

MEASUREMENT RESULTS
Based on the results of measurement of testedtyjypaliameters for surface waters and groundwater at

subject location, results can be commented in Vit the Decree of watercourses classification and
categorisation (RS Official Gazette, No. 42/01) [7]
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Measured pH value in taken samples of surface watemeasuring location 1 (the Crna Rijeka
watercourse, at a distance of ca 200 m downstream the construction site plot) ranged between 7.04
and 8.10, and at measuring location 3 (upstream fiee industrial plot) pH value ranged from 7.18 to
8.44, which is within the limits for first classréace watercourse, which amount to 6.8-8.5. At meag
location 2 (concrete shaft) pH value ranged fro6v o 8.26, which is within the limits for third wea
guality class, whose allowed limit values amoun®t6-9.0. Minimal pH value of 6.67 was measured
during the tests in the month of December, anchigkest pH value of 8,26 during the tests in thetimo

of June (at measuring location 2).

Dissolved oxygen and water temperature are veryoitaptin situ parameters for the monitoring of
surface waters quality. Water temperature is aifsigmt parameter from the aspect of dissolvabitify
oxygen and other gases from the air in the watet,amy increase in temperature leads to an inciease
the velocity of oxygen consumption (biochemicaldation). The highest temperature of surface waiter i
analysed samples of water was recorded at measla@agion 1 in the month of September when it
amounted to 16°C, whereas at measuring location 2 (concrete stiadtyalue of temperature ranged up
to 12.,3°C, also in the month of September.

Dissolved oxygen in the water is a significant paeter of water ecosystems because it providestite
activity of aerobic microorganisms that dissolvgaric substances in order to acquire energy that is
necessary for growth and procreation. At measudagtion 1, the value of dissolved oxygen rangedfr
5.8 mg/lto 8.9 mg/l, where 45% of samples hadlaeswithin the limits of second class, and 17%init

the limits of third water quality class. The measlvalue of dissolved oxygen in taken samples Gace
water at measuring location 3 ranged in the limftfrst class in 75% of samples, 17% in the seadads

and 8% in the third water quality class. The lowedties of dissolved oxygen were recorded at measur
location 2 (a concrete shaft in which is collecwsdter from the underground well in the area of
construction site) with a result of only 4.0 mglhd out of the total number of results, 83% of galtall
under the third water quality class.

Total suspended solids (TSS) Electrical conductivity
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parameter total suspended solids (TSS) parameter electrical conductivity

Suspended solids impact on many aspects of suwfater quality. Larger amounts of suspended solids
encourage the growth of algae, which affects tlaeniag process of eutrophication [8]. Surface water
(measuring location 1 and 3) sampled in the watesmCrna rijeka downstream and upstream from the
industrial plot "RS-Silicon" LLC Mrkonji Grad, for shown values of the parameter total snded solids

in an amount of 25% of samples belongs to the gatwescribed for class V, and 8.3 % of resultsapie
belong to water quality class IV (figure 3). Thglmest values of total suspended solids were reddrde
the month of February, when at measuring locatidnaBnounted 370 g/fnand at measuring location 1
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as much as 408 gfn At measuring location 2, out of the total numbésamples, 33% of results were
higher than the allowed, and belong to water qualass Il

Electrical conductivity of water depends on the sahtent, a higher value of this parameter majcate
that it is polluted water. Based on the electramiductivity of water we tested measurement ofnitedj
the limits of Il and Il category of water qualitfigure 4).

As an indicator of organic pollution of water areed chemical and biochemical oxygen demand.
Chemical oxygen demand (COD) is a quantity of oxyt®at is consumed for a complete oxidation of
organic substances in the water and directly remtesan indicator of water pollution with organic
substances. Oxidation is only performed in acidrenment, with potassium-permanganate or potassium
dichromate. Biochemical oxygen demand (BPDepresents a quantity of oxygen consumed by
microorganisms for dissolution of organic substaniethe water. Value of concentrations for COD
(figure 5) in surface water at measuring locatioantl 3 only in one sample did not meet the presdrib
values for second quality class, notably in the thaf June, when the value of COD amounted to 22.5
gOJ/m® at measuring location 3, it is to say 23,8 at measuring location 1. At measuring location 2
(concrete shaft), the results of COD of all takemples were within the limits of values of thetfingater
quality class in line with the Decree of watercasrslassification and categorisation (RS Officiak€tte,

No. 42/01) [7].

Values of concentrations for B@QDvere at the lowest level at measuring locatiormarg] in 58.3% of
samples it corresponded to the values prescribethécfirst water quality class, and only in thentioof
March it deviated from the prescribed second wetelity class, when the value of B@Bmounted to
13.2 gQ/m?* (which corresponds to the values of VI water quatiass). At measuring location 1, the
value of BOR exceeded allowed limit values for the prescribecoad water quality class in 58.3% of
samples, whereas at measuring location 2 theseedixge amounts were recorded in about 50% of
samples (figure 6).
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Figure 5 Percentage of water classes accordirftgto|t Figure 6 Percentage of water classes accorditigeto
parameter COD parameter BOD

According to the parameter iron (figure 7), watealify at measuring location 2 was in all measumne
in the | water quality class, whereas at measudogtion 1 and 3 in 41.6% of samples it did not hike
allowed limit values for the prescribed second watelity class [7].
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With regard to presence of mineral oils, the rasaftanalyses of all taken samples of surface vaxdr
groundwater showed that the values of this parameége in the limits of values for the first water
quality class, it is to say that all measured v@ere lower than 2Bg/nT.
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Figure 7 Percentage of water classes accordirttetparameter iron

With regard to presence of mineral oils, the rasaftanalyses of all taken samples of surface waxdr
groundwater showed that the values of this parameége in the limits of values for the first water
quality class, it is to say that all measured v@here lower than 2Bg/nT.

Precipitable substances by Imhoff area particlestuapension, which will be precipitated under the
influence of gravity during a period of time. Thesults of precipitable substances (by Imhoff) shibwe
that the values in all values mostly ranged up.Brl/l (92% in samples at measuring location 1 and
and as many as 100% in samples at measuring lnocd)ioOnly in the month of June, the results
amounted to 0.5 ml/l and 0.4 ml/l at measuringtioral and 3, respectively.

CONCLUSION

Results of water quality measurement at three migggslocations in the area of the future factorySR
Silicon" lead to a conclusion that water quality fbe majority of tested parameters does not nfeet t
prescribed Il water quality class, in line with thecree of watercourses classification and catsegtion
(Republika Srpska Official Gazette, No. 42/01)eTuality of sampled water in the surface waters®ur
Crna rijeka in a position upstream and downstrerrm fthe industrial plot (measuring places 1 and 3)
corresponds to the allowed values for the V watens® quality for the parameter total suspendedisoli
and high concentrations of B@Mere also recorded, which in 50% of samples exexbéue allowed limit
values for the recommended second water qualigscl@8hown results of BQOmply a high level of
organic pollution, and a high level of total susgesh solids implies strong turbidity of water, whiisha
consequence of discharging untreated communal rehaktrial waste water from MrkogjiGrad and
surrounding smaller settlements and surface erasithre river drainage basin.

The values of tested parameters of groundwateitgaleasuring location 2) do not exceed alloweaitli
concentrations prescribed for Il water course ifgaéxcept in one sample when the value of B®Rs

in the IV water quality class [7]. Still, given adt that this is groundwater, high values of some
parameters (total suspended suspended solids estda| conductivity) are very surprising, whichgly
that surface waters percolate into groundwater,poltuting substances are washed off from the
surrounding terrain, since it comes to an open retachaft.

Technical Institute Bijeljinarohives for Technical Sciences. Year VN’ 15. 53



PeSew, D. et al: Analysis of water ...... Arhives for Technical Sciences 2016, 15(713~4

Significance of determining a water pollution degri is to say zero condition of water qualityioprto

the construction and commissioning of factory "FSiicon” is a fact that only in this way can negati
impacts of the factory on water quality during dperation be assessed. Besides, determining zero
condition gives an insight into a compulsory leeéltreatment of leachate and waste water from the
factory, so that they would be at least at the ll@fequality of surface recipient into which theyea
discharged.

(Received September 2016, accepted September 2016)
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