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MHNPEATI'OBOP
I'eonorujara xako mpupogHa (QyHIaMEHTaIIHA
HayKa ¥Ma HE3aMEHJIMBO 3Ha4Yemhe 3a
OIIIITECTBOTO M € OHOj KaMEH TEMEITHHUK Ha KOj
Ce 3acHOBaHM TojJeM Opoj TpaHKH Of
WH)XEHEPCTBOTO U MHIYCTpHjaTa.
Hej3uHOTO 3HAYCHETO Kaj HAC € MHOTY jacHO
MPENO3HACHO yIuTe BO JayieyHaTa
1944 ronguHa, Kora co oJJTyKa Ha
[Ipesumnymor Ha ACHOM e dopmupan
I'eonomknor wuHcturyr Ha HPM, 1pBa
MaKeJJOHCKa T'€0JIONIKa HHCTUTYIIH]a.
Jenec MakelOHCKOTO T€OJIOIIKO JPYIITBO
Kako elIeH OJf TIJIaBHUTe MPOMOTOPH Ha
TeoJIOIIKaTa HayKa BO Hamata 3emja, € Impeq
HOB TIPEIN3BHUK, OPTaHU3NpPameTo Ha TpeTHoT
Konrpec Ha reomo3ure Ha PenmyOimka
MakenoHuja.
Opranmzanuonnor u Hayunmor ombop Ha
Tpetnor Konrpec, umajku ja mpeaBu goarara
Tpaauidja Ha TeoJiolIKaTa Hayka, HO
HMCTOBPEMEHO COTJIEAYBajKU TO aKTyeITHHOT
MOMEHT, OJUIy4Hja HOCEYKHTE TEMH Ha
Konrpecor na 6uaar moBp3anu co:

— T'eonorujara u ONIITECTBOTO,

— @yHmameHTaHaTa Te0JI0THja 1

— Teonorujata v ekOHOMHjaTa.
3a oBue TeMHm BO OBOj 300pHHK ce
myoJNMKyBaHu  BKymHO 105  opuruHaIHH
HAayYHH TPYAOBH, KOW C€ TOJATOTBEHH O]
npeky 350 aBTOpH M KOaBTOpW O IOTOJIEM
Opoj Ha 3emMju. Hwusz TpymoBure ce
emabopupaHdl  pe3yiTaTd O BPEeOHH W
JONTOTPajHH UCTpaXKyBarma Ha HAIIUTE U
CTPaHCKUTE HHXEHEPU W Hay4YHH PabOTHHIIH.
Ox npucTUTHATHUTE TPYAOBH MOXE Ja ce
3a0eJIe)Kd MOBP3aHOCTA Ha TPAIUIMOHATHHUTE
WUCTPpaXXHU METOAM W TpPHMEHaTa Ha HOBU
COBpEMEHH TEXHOJOTHM W aJaTKu [pH
TCOJIOIIKUTE  MpOydyBama,  BKIYUYyBajKu
HajCOBPEMEHH TEPEHCKH U J1abopaTOpUCKU
WHCTPYMEHTAJTHH  METOAHM, CHCTeMH 3a
00paboTka, dyBame Ha TOMATONM H CIEACHHE
Ha TapaMeTpuTe Ha >KMBOTHaTa cpenuna. Ce
HazeBame, JleKka [pUKaXaHW  CTaBOBH,
pasMHUCIIyBamka W pe3yiTaTd ke TW 3alBpPCTaT
JIOCEeTAIlHUTE 3HAaeHka, M Ke Ce MOTTHKHAT
W7eH 3a 3Ha4ajHU HOBHU UCTPaKyBamba.
3aroa, OpraHu3aloHUOT OA00p MCKPEHO UM
ce 3a0iarofjapyBa Ha CHTE aBTOPH, YUYECHHIIH
u nomarayn Ha KoHrpecoT, kou cure 3aeqHO
CO  TMOXPTBYBaHOCTa  OBO3MOXHja  OBOj
300pHUK 1@ OMae HEMITO CO KOE CHTE Ke ce
ropaeeme.

PREFACE
Geology as a natural and fundamental science
is of great importance for the society and it is
the foundation of many engineering and
industry branches.
Its’ importance in our country was clearly
recognized in 1994, when the presidium of
ASNOM reached a decision to establish a
Geological institute of NRM, the first
Macedonian geological institution.
Nowadays, the Macedonian geological society
as one of the main promoters of the geological
science in our country, has accepted a new
challenge, the organization of the Third
Congress of Geologists of Republic of
Macedonia.
The Organizing and scientific committees of
the Third congress, given the long tradition of
the geological science, at the same time
looking at its’ current state, has decided that
the main topics of the Congress are related to:

— Geology and society

— Fundamental geology and

— Geology and economy
There is a total of 105 original scientific
papers published in these Proceedings,
prepared by over 350 authors and coauthors
from number of countries for these
proceedings. Results from valuable and long
investigations of our and the foreign engineers
and scientific workers have been elaborated
through the papers.
From the papers, it could be noted that there is
a strong connection between the traditional
investigation  methods and the new
contemporary technologies and tools in
geological explorations, including the latest
field and laboratory instrumental methods,
systems for processing and data storage, and
monitoring environmental parameters. We
hope that, the presented views, considerations
and results will strengthen the existing
knowledge, and will encourage ideas for new
significant research.
Therefore, the Organizing Committee would
like to sincerely thank all the authors,
participants and supporters of the Congress,
who along with their devotion helped making
us all proud of this Proceedings book.

IIpercenaTen President
Ha OpranuszannoHeH of Organizing
Onoop Committee

[Tpod. n-p Coma JlenmurkoBa
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Abstract

Allchar and surrounding area is well-known as polymetallic ore deposit with elevated concentrations of As, T,

and Sb.

Such ore deposit has unique impact to environment in sense of elevated heavy metals concentration in waters,
soils and air. Constant influence of these toxic elements enhanced with weathering process(es) of the outcrops
containing rare sulfide minerals produce environment with endemic species, like Violica Allcharica (Boev & al.,

2014).

Due to fact that Allchar area is distant from intensive anthropogenic influence, it represents an unique
geochemical environment, but it was not studied yet for describing the geomicrobiological conditions. This
study tries to identify specific interaction between mineral and living world.

Key words: Allchar, Spirogyra sp., Audouinella sp., metal content

INTRODUCTION

Specific environment in Allchar region 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).

Fig.1 Crossing of the road to Crven Dol and
Majdanska Reka is position of sampling.

447

METHODOLOGY

Algae samples were collected in Majdanska
reka on two places at GPS E 00579790, N
04558224 (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.

At cataract one boulder of about 20 to 25 cm
in size had bunch of algae growing on its
surface. It was obvious that algae were not of
the same species, because of their position and
morphology, so two separate samples were put
in to two sterile plastic bags.

Water samples were collected in sterile glass
bottles.

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 (0.1 g) of
substrates were subjected to total digestion in
the microwave oven (Multiwave 3000, Anton
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Paar, Graz, Austria) in two-step procedure
consisting of digestion with a mixture of 4 mL
nitric acid (HNO;), - 1 mL hydrochloric acid
(HCI), - 1 mL hydrofluoric acid (HF) followed
by addition of 6 mL of boric acid (H;BOs)
(Babi¢ 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).

RESULTS AND DISCUSSION

Fig. 3 Audouinella sp. from Majdanska reka.

Table 2. Measured concentration of metals in algae

from Majdanska reka.
Measurements of physical parameters of water
in situ were organized using multiparameter Element Concentration (mg/g)
portable set (Table 1.). Audouinella sp. Spirogyra sp.
. L Ag 0,239 0,131
Table 1. Physical parameters measured in situ.
Al 902 875
pH Eh Cond 0, sample As 288 132
[mV] | [pS/cm] | [mg/L] Ba 236 3043
1| 7,62 183 163,3 9,14 1,2,10 Be 0.895 0,828
2| 7,76 167 167,1 9,20 3,4,7,8
569 Bi 0,118 0,108
3| 7,80 170 169,8 9,46 11 Cd 0,269 0,636
Co 9,21 20,6
Algae samples, collected from one boulder on Cr 178 86,7
the beginning of cataract, were determined in
. . Cs 7,12 3,32
laboratory as Audouinella sp. and Spirogyra
sp. (Figs. 2 and 3). Cu 23,7 10,1
Fe 12011 16289
Algae samples were dried in series of ethanol Li 5,00 5,71
for SEM investigations and dried and digested Mn 333 719
for trace metal analyses and.
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
5 3 Se 0,86 <LOD
Al Sn 0,620 0,532
; ' Sr 135 228
. Ti 777 845
L]
. L Tl 11,3 14,1
. U 1,98 2,05
Fig. 2 Spirogyra sp. from Majdanska reka. ’ ’
0.2 Spirogyra sp. f / v 34,6 25,8
Zn 58,6 129
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Measured metal concentrations in two
observed algae species from Majdanska reka
show that these species accumulate metals
from environment (Table 2). Series of
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.

Spirogyra sp. accumulates Cd and Zn from ore
deposit, Sr and Ba from sedimentary carbonate
rocks and Co from serpentinite. Extremely
higher concentration of Ba was detected in
Spirogyra sp. (almost 13 times more than in
Audouinella sp.).

Complex geological situation, where the main
units are carbonate sediments, ultramafic rocks
and polymetallic ore deposit clearly reflects in
bioaccumulation. But, some of available
elements coming from the same geological
unit are not necessarily accumulated in same
living organism. For example Cr and Co
originate from ultramafic rocks, but Cr is more
accumulated in Audouinella sp. and Co in
Spirogyra sp. Such combination of organisms
could separate elements which are closely
related in common geological or geochemical
environment.

Fig. 4 Spirogyra sp. from Majdanska reka, Allchar.

High rate of bioaccumulation of Ba deserves
more detailed study. Specially, because that

the most probable source of Ba is carbonate
host rocks, but not ore deposit.

Fig. 5 Diatoms in association with Audouinella sp.
from Majdanska reka.

During the SEM analysis diatoms were
observed at the surface of examined algae.
Based on its morphology (Fig. 4.) we can
conclude that diatoms belong to many
different species, but its determination was not
done in this study.

Fig. 6 Bacilus-shaped bacteria from Majdanska
reka in association with algae.

Scarcer, some bacteria could also be found in
association with identified algae. The most
abundant bacillus-shaped form is given in Fig.
6.
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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.
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