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NMPEAMOBOP

MefyHapoOHOTO CTpPy4YHO COBeTyBawe 3a MNoA3eMHaTa ekcnfoataumja Ha
MuHepanHute cyposuHu (MOOEKC), 3a npenat ce ogpxa Ha 06.12.2007 rog. BO
MpobuwTnn Bo opraHmnsaunja Ha Cojy3oT Ha Pygapckute mn Neonowknte VHxeHepu
Ha MakegoHuja (CPTUM).

Op 2012 roguHa coBeTyBaw€TO € MPOLUMPEHO CO TPYyAOBM O MOBPLUMHCKaTa
eKkcnnoaTaumja Ha MMHeparnHu CypoBuHU 1 € nmeHysaHo kako NMNOOEKC-MOBEKC.
CTpy4yHOTO coBeTyBake, Ha Tema: TexHomnorvja Ha noA3eMHa W MNOBpPLUMHCKA
eKkcnrioaTaumja Ha MUWHepanHu CyYpOBUHW, TpaauMUMOHANHO Cce OApXyBa cekoja
roguHa BO Mecel, HoeMBpu. Ha oBa coBeTyBakwe 3emaaTt y4ecTBO ronem 6poj Ha
CTPYYHM nuua on: pydapckata uWHOYCTpuja, YHUBEP3UTETUTE,  HayyHo-
UCTpaXXyBayknTe U NPOEKTaHTCKUTE opraHunsauumm, Npou3BoaUTENUTE Ha ornpemMa u
Ap.

Ha pgocerawHuTe gecet coseTyBawa (2007, 2008, 2009, 2010, 2011, 2012, 2014,
2015, 2016 wu 2017 roa.) yyectByBaa noBeke aBTopu on 10 Aapxasu, Kou
npeseHTUpaa 275 CTpy4YHU Tpya0BN.

3a oBa eguHaeceTtTo coBeTyBawe ([MOOEKC - MNOBEKC ’18) npujaBeHn ce 37
Tpyaoa, Ha aBTopu o4 6 opKaBw.

lonemunoT 6poj Ha TpyaoBM of AOMAaLLUHMTE aBTOpPW Mpou3nese Kako pesyntar Ha
Hay4HO-UCTpaxyBaykaTta pabota peanusnpaHa Ha BUCOKOOOBPA30BHUTE MHCTUTYLINK
Bo P. MakegoHuja. Merytoa, nocebHO He pagyBa y4ecTBOTO Ha aBTOpU 0Of,
HernocpegHOTO pydapcko MNPOW3BOACTBO, KOW LITO MNpe3eHTupaat nocTUrHatu
pesynTtaTu BO pygapckaTta npakca.

Ce HapeBame geka Tpagumuuwjata 3a cobupane Ha cuTe cneumnjanuctu og obnacra
Ha noAseMHaTa M NOBPLUMHCKAaTa ekcnnoataumja Ha MWHepanHUTe CypOBWHW, Ke
npoaomkM W [Oeka BO WMAOHMOT Nepuod OBa COBeTyBake Ke npepacHe BO
MelryHapo4eH CUMMO3NYM.

YpeaoHuum



XI EXPERT CONFERENCE THEMED:
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FOREWORD

The International expert conference on underground mining of mineral raw materials
(PODEKS), organized by the Association of Mining and Geology Engineers of
Macedonia (AMGEM), was first held on 06.12.2007 in Probishtip.

Since 2012, in this counseling, surface exploitation of mineral resources is included
too, and it is called PODEKS-POVEKS.

This expert conference called: Technology of underground and surface mining of
mineral raw materials, traditionally, has been organized annually during November.
A number of experts from the mining industry, universities, research institutions,
planning companies, and equipment manufacturing companies participate in this
conference.

Many authors from 10 countries participated in the previous ten conferences (2007,
2008, 2009, 2010, 2011, 2012, 2014, 2015, 2016 and 2017) presenting 275 expert
papers.

Thirty-seven authors from 6 countries have registered their expert papers for the X"
conference (PODEKS - POVEKS ’18).

The large number of expert papers from the domestic authors has emerged as a
result of the research work carried out at the higher education institutions in the
Republic of Macedonia. We are particularly delighted by the participation of the
authors involved in the immediate mining production who will be presenting the
achieved results in the mining practice.

We hope that the tradition of gathering of all specialists from the field of underground
and surface mining of mineral raw materials will continue and that this conference
will grow up to an international conference in the future.

The Editors
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HOBU CO3HAHUJA 3A BUOAKYMYNATUBHUOT KAMALUUTET HA
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Ab6cTpakT: Obnacma Anwap npemcmasyga UCKIy4YUmesTHO KoHmamMuHupaHa cpeduHa 80 0OHOC Ha
fpucymHocma Ha apCeH, masnuym, aHmuMoH, 6apuym u Opyau mewku Memarsu Kako pesysmam Ha
rpucycmeomo Ha rozosnemu 0ernoHuu 00 cmapama pydapcka akmugHocm 6o ogaa obriacm. Hosume
ucmpaxyear-a Kou ce HarpageeHu rno me4yeHuemo Ha MajdaHcka Peka riokaxkaa rnpucycmeo Ha asnau
duamomeu 80 8o0ume Ha oeaa peka. [JemanHume ucrniumysara Ha 3acmareHocma Ha mewkume
Memaru 80 ogue asiau MoKaxyeaam HaaraceHo rnpucycmso Ha apceH u bapuym. Oeaa ykaxyea Ha
MOXHOCMa Ha 320/1ieMeHa buoaKyMynamugHOCMm Ha osue asau U UcCmomo 08aa Co3HaHuUe Moxe 0a
6ude Gobpa Hacoka 80 pasgusar-emo Ha Hogume npucmaru 80 Memodume Ha buopemedujayujama.

Kny4yHu 360poBu: duamomeu, apceH, bapuym, buoakymynayuja.

NEW FINDINGS OF THE BIOACUMULATIONS CAPABILITY OF DIATOMS IN
HEAVY METALS - INVESTIGATIONS IN ALSAR AREA, POSSIBILITY OF NEW
APPROACH IN BIOREMEDIATIONS METHODS

lvan Boev?
YUniversity “Goce Delcev”, Faculty of Natural and Technical Sciences, Shtip, R. Macedonia

Apstract: Alshar area is a very contaminated environment regarding the presence of arsenic, thallium,
antimony, barium and other heavy metals due to the big mining tailings from the former mining activity
in this area.

The new investigations along the Majdenska reka has shown presence of algae diatoms in the river
waters. Detailed research on the presence of heavy metals in the algae has shown high presence of
arsenic and barium.

The abovementioned indicates a possibility of increased bioaccumulation of these algae, which may be
considered a good direction for the development of new approach in the methods of bioremediation.

Key words: diatoms, arcenic, barium, bioacumulation
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1. INTRODUCTION

Allchar region is a Specific environment is unique because of uncommon
concentrations of heavy metals which could be leached in weathering processes from
ore deposit.

Geochemistry of Allchar area is widely studied, because of possible influence
to agricultural region (Lepitkova & al., 2013; Boev & al, 2014).

2. METHODOLOGY

Algae samples were collected in Majdanska reka on two places at GPS E 00579790,
N04558224 (Fig. 1). There are 3 groups of samples from the left banks: one up from
the cataract, one at cataract and one after it. 11 samples of water were collected at 3
points and 2 samples of algae.

To determine the levels of trace elements in algae samples were dried at 105°C and
lyophilized (Alpha 1-2, Christ, Germany). Grounding and homogenization employed
an agate mill.

Prior to analysis subsamples (0.1g) of substrates were subjected to total digestion in
the microwave oven (Multiwave 3000, Anton Paar, Graz, Austria) in two-step
procedure consisting of digestion with a mixture of 4 mL nitric acid (HNO3), - 1 mL
hydrochloric acid (HCI), - 1 mL hydrofluoric acid (HF) followed by addition of 6 mL of
boric acid (HsBO3) (Babic et al. 2015). The multielement analyses of prepared samples
were performed by high-resolution inductively coupled plasma mass Spectrometry
(HR-ICP-MS) using Element 2 instrument (Thermo, Bremen, Germany). Typical
instrument conditions and measurement parameters used throughout the work
are reported earlier (Fiket et al. 2007).

3. RESULTS AND DISCUSSION

Measurements of physical parameters of water in situ were organized using
multiparameter portable set (Table 1.).
Algae samples were dried in series of ethanol for SEM investigations and dried and
digested for trace metal analyses and.

: ﬁ'}

Figure 1. Spirogyra sp. from Majdanska reka
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-
Figure 2. Audouinella sp. from Majdanska reka

Table 1. Measured concentration of metals in algae from Majdanska reka.

Element Concentration (mg/g)
Audouinella sp. Spirogyra sp.
Ag 0,239 0,131
Al 902 875
As 288 132
Ba 236 3043
Be 0,895 0,828
Bi 0,118 0,108
Cd 0,269 0,636
Co 9,21 20,6
Cr 178 86,7
Cs 7,12 3,32
Cu 23,7 10,1
Fe 12011 16289
Li 5,00 5,71
Mn 583 719
Mo 1,15 0,807
Ni 95,6 66,0
Pb 12,6 12,4
Rb 28,5 25,6
Sb 73,2 84,1
Sc 0,588 0,343
Se 0,86 <LOD
Sn 0,620 0,532
Sr 135 228
Ti 777 845
Tl 11,3 14,1
U 1,98 2,05
A\ 34,6 25,8
Zn 58,6 129

Measured metal concentrations in two lobserved algae species from Majdanska reka
show that these species accumulate metals from environment (Table 2). Series of
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measured elements (Be, Bi, Fe, Li, Mn,Mo,Ni, Pb, Rb, Sb, Sn, Ti, Tl, U, and V)
are present in both observed algae, but in almost equal concentrations.
Bioaccumulation of As, Cr, Cs, Cu, and Se is preferred in Audouinella sp., while Ba,
Cd, Co, Sr, and Zn are more accumulated in Spirogyra sp.

It is interesting that elements accumulated in both species come from different
sources. As, Cu, and Se in Audouinella sp. come from ore deposit, while Cr and Cs
come from serpentinite and volcanic rocks, respectively.

4. CONCLUSION

Recent investigations is a new approach to investigation of live microorganisms in
peculiar environment rich in heavy metals leached in weathering process, without
important anthropogenic influence.

Natural association of living organisms, without significant artificial influence, but in
unique environment like in Allchar is very important. Such association is adapted to
particular environment and could tolerate elevated concentrations of heavy metals.
Extended exposure of living organisms to unusually high concentrations of metals in
environment could also produce transformation of organisms or developing endemic
species.

Bioaccumulation of As, Tl, and Sb is almost equal in both species.

High accumulation of Ba from environment shows that Spirogyra sp. could be useful
organism in remediation of Ba from wasted environment.

Different metals available from environment are attracted to different organisms, even
if they come from same geochemical environment.

Further, more detailed study to determine other living species in the association and
to study interaction of geochemical exclusiveness to living species would be of
scientific, but also of practical interest.
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