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Abstract

Purpose. The purpose of this study is to assess the concentration of heavy metals in industrial discharge water from the
Trepga Mine in Stantérg and flotation, and their impact in polluting the urban environment.

Methods. During the research work we have marked the sampling location. The sampling method, the amount of the sam-
ple, the transportation method and maximum time the sample can stay before the chemical analysis were all in compliance
with the I1SO 5667:1, 3 method. The conservation of samples for defining certain parameters was done in compliance with
the American Public Health Association conservation procedure, and for the mineralization of heavy metals from the pollut-
ed discharged water samples the EPA-3015A method was applied. For defining the heavy metals concentration, the
ICP — OES measuring technique was applied (the Inductively Coupled Plasma Method — Optical Emission Spectrometry).

Findings. Based on the industrial activity of Trep¢a Mine, it has been concluded that the main cause of environment pollu-
tion has continuously been the mine and flotation. The analysis of discharged water samples, both from the mine and the
flotation depict the real situation of the heavy metals’ concentration in the surrounding environment.

Originality. All laboratory analyses have been conducted with special care through the use of necessary advanced techno-
logy lab equipment, so that the obtained results would provide maximum accuracy.

Practical implications. The water samples were taken in January and June 2020, namely in winter and summer. The sea-
sonal monitoring of heavy metals in water result with significant changes in the presence of metals as a consequence of

climate changes.
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1. Introduction

The pollution of the urban environment in Mitrovica re-
gion, since the 1970-1990™ to this day has been and remains
a serious and permanent concern, not only for the population
of Mitrovica region but for a host of environment researches,
of different scientific categories and profiles as well. This
environment pollution exists due to the fact that for a long
time (more than half a century), the Trepca Mine with the
entire complexity of ore processing has operated in this re-
gion [1]. “Trepga” Mine is an old enterprise established by
the English (Trepga Mine Limited) active since 1927, where-
as the production of ore and metals commenced in 1930. The
Trepga Mine in Stantérg, is located 10 km northeast of Mi-
trovica. This mine operates as a special department of the
Trepca Mining-Metallurgical-Chemical Combine in Mi-
trovicé. The regional Ibri road connects the mine with the
nearby town of Mitrovic€, whereas the enrichment plant
(flotation) for obtaining the Pb-Zn concentrate is located in
Tuneli i Paré neighborhood. The raw material extracted from
the mine is lead, zinc and silver sulfide ore.
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If we go back to when the Trepga Combine was estab-
lished, we will see that during its development, this industrial
complex, besides having an important role in the process of
developing the economy of Kosovo and former Yugoslavia,
at the same time, it has continuously been the biggest envi-
ronment polluter in Mitrovica region. The environment pol-
lution capacity was intricately connected with the increase of
exploitation and colored metal production [2].

The mine activity should ensure a healthy environment in
all aspects, including all the components of the environment:
settlements, drinking water, surface water, agricultural land,
etc. From the mine depths the infiltrating waters are pumped
out and these waters are used for the mine and Pb-Zn en-
richment plant (flotation) needs. Due to the mine operations,
the surface water flows usually have a low pH and contain
high levels of heavy metals [3].

It is known that from the 1970"™ and through the 1990,
the Trepgca Combine was the greatest producer in Europe of
Pb, Zn, Cd, Bi, Ag, etc. Therefore, the distortion of the eco-
logical borderline, between the industrial zone and the urban
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environment occurred as a consequence of this rapid indus-
trial development. Despite the lack of rocks remaining in
Stantérg Mine the mine waters continue to be pumped from
the I level to Tuneli i Paré. River Trep¢a runs nearby and it
collects the waters of various natural sources from villages
Mazhiq, Vidishiq and Rashan.

These initially clean waters, upon arriving near the mine
get mixed with the turbid waters polluted with heavy metals
that come out of the mine that pollute not only Trepca River,
but also impact the environment pollution down its stream.
The mine waters may contain considerably amounts of dis-
solved ions of heavy metals, thus, besides the pollution also
cause considerable loss of precious metals [4]-[6].

As in the past, also today, examinations continue to be
conducted pertaining to the causes and consequences caused
by the industrial discharges in the Trepga River flow.

For this reason, in 1975 the management of the Trepga
Combine, created the industrial waste landfill in an area of
2-3km in village Kelmend, between two hills, in northeast
Mitrovica [7]. Despite this, however, the discharging of wa-
ters from the industrial activity in Trep¢a River, from time to
time continues to this day. As such, the Kelmend landfill is
still active with a depositing capacity of 8.2 million cubic
meters in an area of 18.4 hectares [8]. The material (sterile)
composed of 40% sterile and 60% water in the shape of a
mixed solution, is transported through pipes (hydraulic
transportation) from the flotation to the landfill.

In Figure 1, the topographic map shows the mine loca-
tion, the ore enrichment plant, Trep¢a River, industrial waste
(sterile) deposit, including the sampling points marked as:
Ml, sz M; and M.
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Legend: Samplings M1, M2, M3 and M4

Figure 1. Topographic map

With the aim of protecting the Trepca River waters from
the mine and flotation activities, monitoring the concentra-
tion of heavy metals in discharged waters from these two
potential pollution sources became a necessity.

In the vicinity, around the mine, in an area of
10 thnd. hectares there are several drinking water sources,
which have gone dry as a result of the mining activity in the
depths of the mine. These drinking sources dried out, be-
cause the water penetrated through the rock cracks from the
surface into the mine galleries, thus, continuously increasing
the water volume inside the mine.

On many occasions the galleries were flooded by these wa-
ters despite the pumping activity. These waters, after getting in
contact with the metal ore locations, after getting polluted with
heavy metals, are discharged in the Trepca River flow, thus,
together with the flotation waters, not only pollute the Trepca
River but also pollute the surrounding environment.

48

2. Industrial waters of Trepca Mine in Stantérg

The Stantérg Mine falls in the category of deep mines, be-
cause of that the lowest open point of the mine determines the
water collecting cone. Complete hydro-geological studies of
both the mine and the surrounding area have been conducted.

On the other hand, limestone rocks, in all their modifica-
tions, constitute the main underground water collector in the
ore containing Stantérg region. Hydro-geological studies
have confirmed the connection between the amount of water
flowing in the mine and the amount of precipitations in the
region, and consequently it has been concluded that the natu-
ral flow of underground waters in the water collecting level
varies from 3-6.2 m%/min (Fig. 2).
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Figure 2. Sampling point (M1) waters removed from the mine depth

The water coming out of the Stantérg Mine, is chemically
neutral or slightly basic (pH = 7.0-7.2), physically the water
carries tiny drops of rocks and mineralized environments it
runs through. As shown in Figure 2, a water sample has been
taken from lab treatment in order to confirm the presence or
absence of heavy metals and this sample was marked (M).
These waters are used during the ore enrichment process in
the Tuneli i Paré flotation, located at a certain distance from
the mine. The use of these waters, both in the enrichment
process and the sterile depositing process, in the shape of a
solution, is monitored to prevent polluting the river with
heavy metals originating from the Trepca Mine. However,
the pollution of river waters has occurred in the past and
continues today as well.

3. Monitoring the industrial discharge
waters and Trepca River waters

In the area near the Trepga Mine, runs Trepca River. The
water flow from precipitations and natural springs has created
Trepga River. The length of this river that runs through the
terrain topography near the mine area is 12 km. This river
also runs near the ore enrichment plant (flotation), namely
2.7 km from the mine (Fig. 3).

Taking a water sample (M) from this river aims to ana-
lyze the purity of this water prior to contacting the minera-
lized area and prior to the contact with industrial waters
discharged from the mine and the flotation.
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Figure 3. Sampling point (M) in Trep¢a River

The river monitoring was done in relation to climate
changes during both high and low precipitation months. Con-
sidering that an amount of underground waters is used for the
flotation needs during the ore enrichment process, these waters
are then continuously discharged in Trepga River, thus, the
river flow carries mineralized drops of various metals (Fig. 4).

Figure 4. Discharging of industrial waters from the flotation

Due to the flotation needs for sufficient water for the ore
flotation process, these waters are used until the conclusion
of one flotation cycle, and after completion the water is then
discharged in Trepga River (Fig. 5).

Figure 5 clearly shows the merging of industrial water, di-
rectly discharged into Trepga River, therefore, with the aim of
registering the concentration of heavy metals we have marked
sample point M3 along the merged flow of these waters.

Figure 6 shows the flotation industrial waste landfill in
village Kelmend. For the construction of the landfill a
1676 m long corridor was opened from Tuneli i Paré near the
enrichment plant to carry the discharge in Kelmend Field [9].
The amount of sterile, obtained as waste during the flotation,
is mixed with water inside the flotation thus creating a solu-
tion in the shape of hydro pulp that is sent through pipes to
the industrial waste landfill in Kelmend (Fig. 6).
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Figure 5. Sample point (Ms) discharged waters from the flotation
in Trepga River

Figure 6. Sample point (M4) water flow from the Kelmend landfill

The precipitate lake is located at the center of the landfill,
wherein the waste (sterile) composition varies depending on
the enrichment process at the flotation. The waters flowing
from the landfill and the landfill lake through the landfill
drainage are marked as sample point Ma.

The purpose of this study is to assess the concentration of
heavy metals in industrial discharge waters from the Trepga
Mine in Stantérg and flotation. The discharging of polluted,
unprocessed, or insufficiently processed waters that contain
considerable amounts of heavy metal ions cause major envi-
ronment damages [10].

4. Material and methods

The sampling method, the amount of the sample, the
transportation method and maximum time the sample can
stay before the chemical analysis were all in compliance
with the 1SO [11], [12] method. The conservation of sam-
ples for defining certain parameters was done in compli-
ance with the APHA conservation procedure [13]. The
EPA-3015A method was applied in preparing the water
sample for measuring-extracting (mineralization) of heavy
metals [14], and for defining the heavy metals concentra-
tion the ICP — OES (the Inductively Coupled Plasma Meth-
od — Optical Emission Spectrometry) measuring technique
was applied. The concentrations of the following metals in
the waters have been determined: Pb, Zn, Ni, Fe, Cd, Cu,
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Mn, As and Sh. The experimenting part was conducted at
the Agrovet private lab in Fushé Kosové, this lab is accred-
ited by the Kosovo Accreditation Agency.

5. Results and discussion

The lab results of natural and industrial water samples:
M1, My, M3 and M, are shown in Tables 1 and 2, and gra-
phically in Figure 7, wherein the results of each analyzed
sample are argued and elaborated. The referring basic value
of heavy metal concentration was taken from Administrative
Instruction of MMPH-N0.30/2014 of Kosovo [15]. This
instruction addresses the permitted limit values of polluted
water parameters, which can be discharged in public sewage
system and hosting environment.

Table 1. Heavy metal concentration results according to sampling
points in January 2020

Unit  UA

Parameters mg/l 30/2014 M1 M2 M3 Ma
As mg/I 0.1 0.025 <0.002 <0.002 <0.002
Cd mg/l  0.02 0.006 0.001 0.009 0.01
Cu mg/I 0.5 0.012 0.022 <0.001 <0.001
Fe mg/I 2 0.77 0.52 0.001 0.001
Mn mg/I 2 0.670 0430 3590 0.545
Ni mg/l 0.5 <0.0005 <0.0005 0.006 <0.0005
Pb mg/l 0.5 0.27 0.48 <0.001 0.0041
Sh mg/l  0.75 <0.002 0.001 0.006 <0.002
Zn mg/l 1 0.02 111 3.330 0.19
pH - 6590 793 7.10 8.03 7.6

Table 2. Heavy metal concentration results according to sampling
points in June 2020

Unit UA
Parameters mg/l 30/2014 M1 M2 M3 My
As mg/I 0.1 0.031 <0.002 <0.002 <0.002
Cd mg/l  0.02 <0.0001 <0.0001 <0.0001 <0.0001
Cu mg/| 0.5 <0.0004 <0.0004 <0.0004 <0.0004
Fe mg/I 2 0.393 0.272 0437 0.285
Mn mg/I 2 0.790 0540 4.090 0.638
Ni mg/| 0.5 <0.0005 <0.0005 0.008 <0.0005
Pb mg/I 0.5 0.018 0.025 0.022 0.020
Sh mg/l 0.75 <0.002 0.001 0.013 <0.002
Zn mg/I 1 0.890 1.610 3.860 0.910
pH - 6590 7.890 8189 7.125  7.447

The table data show the heavy metal concentration ac-
cording to sampling points:

M; — shows waters coming out of the Trep¢a Mine;

M; — shows the Trepca River waters;

M3 — shows the flotation discharge waters;

M, — shows the Kelmend landfill waters.

The water samples were taken in January and June 2020,
Tables 1 and 2.

The results obtained from the analyses conducted in Ja-
nuary give the following situation: in sampling points M and
Mg no referring values pursuant to UA 30/2014 of any of the
nine heavy metals analyzed in this study have been exceeded.

In sampling point M, we encountered exceeded Zn refer-
ral values at a concentration of 1.11 mg/I.

In sampling point M3 the referring values of Mn were ex-
ceeded at a concentration of 3.590 mg/l and Zn at 3.330 mg/I.

The exceeding of referring values for Mn and Zn are
shown as diagrams in Figure 7 (straight line).
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Figure 7. The Mn and Zn concentration according to sampling
points — January 2020

To find out the concentration of heavy metals in our sam-
pling points, not only during winter, we though appropriate
to take other samples during summer (in June) as well, in
order to have a realistic assessment of the situation.

The results obtained in June 2020 are shown in Table 2.

Table 2 shows no exceeding of heavy metals referring
values in sampling points M; and M., whereas, in sampling
point M. (Trepga River waters), Zn results with an excess of
1.610 mg/l and in sampling point Ms (flotation discharge
waters), Zn results with an excess of 3.860 mg/l and Mn with
4.090 mg/l. Figure 7 (dotted lines) shows the Mn and Zn
concentration that is not compliant with the referring values
of UA 30/2014.

The Zn presence in Trepga River (M) in excess of refer-
ring values, happens because this river during its flow contin-
uously carries deposits of mineralized drops from the rocks.

Due to the outdated technology in the ore enrichment
plant and because all metals are not properly ennobled during
the flotation process, in the flotation discharged water sample
(Ms3), we encountered high Zn and Mn concentration in both
seasons, but particularly in June.

The increase of the Zn concentration level in sampling
point M, occurs as a result of the contact with the minera-
lized rock layers, whereas, the Zn and Mn concentration
increase in sampling point M3 occurs as a consequence of the
discharging of other waters from the flotation process. These
mixed discharges are then discharged in Trepga River, thus,
polluting this river. The lack of flora and fauna along the
entire flow of Trepga River is a direct result of this.

6. Conclusions

During our research work we have managed to obtain
water samples in four representative sampling points. In
order to obtain a realistic situation of the waters, we have
tried to present the realistic situation of the heavy metals
concentration in the natural waters of Trepga Rivers, the
mine waters discharged in this river, the discharged flotation
waters and industrial waste waters in Kelmend landfill.

Samples were taken in January and June with the aim of
accurate registration of heavy metals concentration during
two opposite seasons in 2020.

Table results show that in sampling point My, the Zn con-
centration exceeded the referring values at 1,11mg/l in Janu-
ary and at 1.610 mg/l in June.
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In sampling point M3, the Zn concentration results at
3.330 mg/l in January, and at 3.860 mg/l in June.

At the same sampling point (Ms), the Mn concentration
results at 3.590 mg/l in January, and at 4.090 mg/l in June.

The higher level of Zn and Mn concentration in June,
compared to January, occurs as a result of significant atmos-
pheric differences during these two seasons.

Replacing the outdated with modern technology, both in
the mine and in the flotation, would have a positive impact
not only in preventing the existing metal losses, but at the
same time in reducing the pollution with heavy metals of
natural waters and discharges from the mine and flotation.
The use of advanced technology would also have a significant
impact in preserving the environment around the Trepga Mine.
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Merta. OuiHka KOHIEHTpAllii Ba)KKUX METaJliB y MPOMHUCIOBHX CTIUHHMX Bojax ImaxTH “Tpemya”, BUBUEHHs mporiecy duioTalii Ta aHawi3
X poi y 3a0pyIHEHHI MiCBKOTO JOBKIJLIAL.

Metoauka. B xoni nociimkenss Oynu oOpaHi nokarii s 3abopy npob. Crioci6 3abopy, o0csr 3paskiB, crocid nepeBe3eHHs i MaKCH-
MaJIbHUI 4ac BUTPHMKH 3pa3Kka o XiMiYHOro aHanizy Biamosiganu cranaapty ISO 5667:1.3. Tlepen BU3HaUCHHIM ACSKUX ITapaMeTpiB 3pas-
ku 30epiraimcs 3riiHO 3 MPOLEAYpolo 30epiraHHsA, 3alpOIIOHOBAHOID AMepuKaHChKo Acomiamiero Oxoponu ['pomancekoro 310poB’s, a
IUTSL MiHepasTizallil Ba)KKUX METaJiB i3 3pa3kiB 3a0pyIHEHUX CTIYHUX BOJ 3acTocoByBaBcs MeTon EPA-3015A. J{ns Bu3Ha4eHHS KOHIIEHTpPa-
1ii BaKKUX MeTaniB Oyna Bukopuctana Metoanka ICP — OES (meron iHAyKTHBHO 3B’A3aHO1 IUIa3MH — €MICiiHa ONTHYHA CIIEKTPOMETPis).

PesyabTaTtn. B pesynprari BuBueHHS poOoTu miaxtu “Tpermua” OyB 3poOieHHIT BUCHOBOK PO T€, IO TOJOBHA MPUYMHA 3a0pyTHEHHS
HABKOJIMIIHBOTO CEPEIOBHUINA MOB’s3aHa 13 (PYHKI[IOHYBaHHIM LIaXTH Ta (IIoTarieo. AHami3 3pa3KiB CTIYHUX BOJ MIAXTH 1 ¢uroTarii 103Bo-
JIsi€ YABUTH peasibHy KOHIIEHTPALiI0 BaKKUX METAJiB y HABKOJMIIHBEOMY CEepeNOBHUILi. BUsABIEHO OLIBIN BHCOKHIA piBeHb BMICTYy Zn i Mn y
YepBHi B MOPIBHAHHI 3 CIYHEM, IO MOSCHIOETHCS 3HAYHUMH aTMOC()EPHUMH BiAMIHHOCTSIMU TIPOTSATOM IHX JIBOX CE30HIB.

HaykoBa HoBU3HA. Bi3HaueHO MOKa3HMKH KOHIIEHTPAL] BAXXKMX METAJIIB y CTIYHMX BOAAX Ta iX 3B 530K 3 MOTIPLIEHHSIM SIKOCTi HABKO-
JIMIITHBOTO CEPEOBHUINA i3 BUKOPUCTAHHAM BHCOKOTEXHOJIOTIYHOTO JIAOOPATOPHOTO OOJIaAHAHHS, IO 3a0e3MeUmI0 MaKCUMalbHy TOYHICTh
OTPUMaHHX Pe3yJbTaTIB.

IpakTnyHa 3HaYuMicTh. PekoMeHIOBaHA 3aMiHa 3acTapiiMX TEXHOJIOTIH Ha Cy4acHi, sSK Ha PyIHHKY, TaK i1 B mporeci ¢uoTarii, mo
MaTHMe TTO3UTHBHUI BIUIMB HE JIMIIE HA 3al00IraHHS iCHYIOYMX BTpAaT METaliB, ajie B TOHM K€ 4Yac i Ha 3HIDKEHHS 3a0pYIHEHHS BaKKHMHU
MeTaJaMy IPUPOJHUX BOJ 1 CKUMIB.

Kniouosi cnosa: waxma, promayis, cmiuni 600U wiaxmu, RPOMUCIO8I CMiuHi 800U, 8AJCKI Memanu, 3a0pyoHeHHs

®daortanus 1 UccIeI0BaHNEe KOHIEHTPAIMH TSIKeJIbIX METAJNIOB
B CTOYHBIX Bogax maxThl “Tpemnya”, KocoBo

C. Kagpny, M. Canuky, M. Kenmmernmu, J. Caapuy

He.m,. OL[eHKa KOHUECHTpAUUU TAXKECIIBIX METAJIJIOB B IPOMBIIIJICHHBIX CTOYHBIX BOAAX IIAXThI “Tpenqa”, H3Yy4YCHUCE IIpoLecca (bJ'IOTaL[I/II/I
1 aHaJIu3 UX POJIM B 3arpsA3HECHUN FOpO}lCKOfI Opr)KaIOU.[efI Cp€abl.
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Metoauxa. B xone uccnenoBanust ObUTH BIOpaHb! JOKAMK 1 3abopa mpod. Criocob 3a6opa, 06beM 00pasLoB, crocod MepeBO3KH U
MaKCHMaJbHOE BpeMsi BBIISP)KKH 00pasia 10 XHMHYECKOro aHanm3a cooTBeTcTBoBaim craHmapry ISO 5667:1.3. Ilepen omnpenenenuem
HEKOTOPBIX MapaMeTpoB 00pa3lbl COXPAaHSUIUCh COTJIACHO TPOLENype XpaHEeHHUs, MpeANnucaHHOH AMepukaHCKoW Accouuanuein OXpaHbl
OO1mIecTBeHHOTO 30pOBbs, a Ui MUHEPATH3alUU TsDKENBIX METAITIOB M3 O0pas3loB 3arps3HEHHBIX CTOYHBIX BOJ MPUMEHSIICS METOL
EPA-3015A. [Iyis onpeneneHuss KOHIIEHTPAIUH TSXKEIBIX METAJUIOB OblIa rcnonb3oBana Meroauka [CP — OES (MeTon HHIYKTUBHO CBs3aH-
HOM IUIa3MbI — YMUCCHOHHAS ONITHYECKAsI CIIEKTPOMETPHSL).

PesyabTartel. B pesynbrare usydenust pabothl maxthl “Tpermya” ObLT CAENaH BBIBOJ O TOM, YTO IJIaBHAs MPUYMHA 3arPA3HEHUS OKPY-
JKAKOIIEeH cpelbl CBsA3aHa ¢ (YHKIMOHMPOBAHHEM IIAXTHI M (uoTarueil. AHAIN3 00pa3lloB CTOYHBIX BOJ INAXThl M (DIOTAIMH MO3BOJIACT
MPEICTABUTh PEATbHYI0 KOHLEHTPALUIO TSHKEJIBIX METAIOB B OKpY’Karomeil cpene. BeiaieH Oosiee BHICOKUI ypOBEHb COACpKaHUS Zn U
Mn B HIOHE 11O CPaBHEHHUIO C SHBApEM, YTO OOBACHICTCS 3HAYUTEILHBIMA aTMOC(EPHBIMU PA3TUYUAMHU B TEUCHHUE 3TUX JIBYX CE30HOB.

Hayunas noBusHa. OnpeieneHbl TOKa3aTeIH KOHIEHTPALNH TSHKEIBIX METAIUIOB B CTOYHBIX BOJAX U UX CBS3h C YXyIIICHHEM KauecTBa
OKpY’KaIoIIe Cpeapl ¢ MCIOIb30BAHHEM BBICOKOTEXHOJIOTHYHOTO JIAOOPATOPHOTO O0OPYIOBaHUS, YTO O0ECIEUMIO MaKCHMAIBHYIO TOU-
HOCTb MOTYYCHHBIX PE3YJILTATOB.

IIpakTnyeckas 3HAYNMOCTh. PEKOMEHIOBaHa 3aMeHA yCTapEBIINX TEXHOJIOTHI Ha COBPEMEHHBIC, KaK B PyTHHUKE, TaK M BO (IOTAIHH,
YTO OKAXKET MOJIOKUTEILHOE BIUSHUE HE TOJIBKO HA MPEIOTBPAIlCHHE CYLIECTBYIOUIMX MOTEPh METAIIIOB, HO B TO K€ BPEMS U HA CHIDKEHUE
3arps3HEHHS TSDKEIBIMU METaNIaMH IPUPOTHBIX BOJ M COPOCOB.

Knroueswie cnoea: waxma, promayus, cmouHwvie 600bl WaAXmMul, NPOMbIULIEHHbIE CHOYHBIE 800bl, MANCENbIe MEMALIbL, 3dePA3HEHUe
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