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ПРЕДГОВОР 
 
Меѓународното стручно советување за подземната експлоатација на 
минералните суровини (ПОДЕКС), за првпат се одржа на 06.12.2007 год. во 
Пробиштип во организација на Сојузот на Рударските и Геолошките Инженери 
на Македонија (СРГИМ). 
Од 2012 година советувањето е проширено со трудови од површинската 
експлоатација на минерални суровини и е именувано како ПОДЕКС-ПОВЕКС. 
Стручното советување, на тема: технологија на подземна и површинска 
експлоатација на минерални суровини, традиционално се одржува секоја 
година во месец ноември. На ова советување земаат учество голем број на 
стручни лица од: рударската индустрија, универзитетите, научно-
истражувачките и проектантските организации, производителите на опрема и 
др. 
На досегашните десет советувања (2007, 2008, 2009, 2010, 2011, 2012, 2014, 
2015, 2016 и 2017 год.) учествуваа повеќе автори од 10 држави, кои 
презентираа 275 стручни трудови.  
За ова единаесетто советување (ПОДЕКС - ПОВЕКС ’18) пријавени се 37 
труда, на автори од 6 држави. 
Големиот број на трудови од домашните автори произлезе како резултат на 
научно-истражувачката работа реализирана на високообразовните институции 
во Р. Македонија. Меѓутоа, посебно не радува учеството на автори од 
непосредното рударско производство, кои што презентираат постигнати 
резултати во рударската пракса. 
Се надеваме дека традицијата за собирање на сите специјалисти од областа 
на подземната и површинската експлоатација на минералните суровини, ќе 
продолжи и дека во идниот период ова советување ќе прерасне во 
меѓународен симпозиум. 
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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 XIth 
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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Абстракт: Областа Алшар претставува исклучително контаминирана средина во однос на 
присутноста на арсен, талиум, антимон, бариум и други тешки метали како резултат на 
присуството на поголеми депонии од старата рударска активност во оваа област. Новите 
истражувања кои се направени по течението на Мајданска Река покажаа присуство на алги 
диатомеи во водите на оваа река. Деталните испитувања на застапеноста на тешките 
метали во овие алги покажуваат нагласено присуство на арсен и бариум. Оваа укажува на 
можноста на зголемена биоакумулативност на овие алги и истото оваа сознание може да 
биде добра насока во развивањето на новите пристапи во методите на биоремедијацијата. 
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NEW FINDINGS  OF THE BIOACUMULATIONS CAPABILITY OF DIATOMS IN 
HEAVY METALS - INVESTIGATIONS IN ALSAR AREA, POSSIBILITY OF NEW 

APPROACH IN BIOREMEDIATIONS METHODS 

 
Ivan Boev1 

1University “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 (HCl), - 1 mL hydrofluoric acid (HF) followed by addition of 6 mL of 
boric acid (H3BO3) (Babić 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. 
 

 
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. 

 
 
Measured metal concentrations in two 1observed algae species from Majdanska reka 
show that these species accumulate metals from environment (Table 2). Series of 

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

V 34,6 25,8

Zn 58,6 129
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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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