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A bstract: In this paper the results and conclusions from the researches of the pollution of the water with
heavy metals in the drain-basin of Mavrovica hydro-accumulation are given. With our analysis, there is an effort
made to see the real conditions in the examinated area, and to determine the position of presence of heavy metals in
the water of the above mentioned basin. The samples of water were taken from river Orelska and the smaller rivers
(streams) near river Orelska. The analyses of the taken samples were made in the frames of one sequence of analysis
of the instrument Atomic emissive spectrometry, with inductive harnessing plasma (AES-ICP). From the last exami-
nations of contaminated areas as our area of interest, we can notice that the following group of elements should be
kept track of: Mn, Fe, Al, Pb, Zn, As, Cd, Cu, Ni, Co, Ag, Cr, Ti with the possibility of several elements that will
show higher concentrations of MAA (maximum allowed amounts). After the analysis and interpretation of the data,
the assumptions were confirmed for increased values of the following metals: Al, Mn, Fe, Zn, As, Cd, Cu. The whole
drainage system that gravitates trough river Orelska is contaminated. Increased concentrations of some of the metals
were very often, several times above the maximum allowed concentrations.

Key words: heavy metals; pollutions; AES-ICP; water; river Orelska; river Makreska, river Kiseli¢ka, drainage area

INTRODUCTION

The pollution of the living environment in the
past several decades is subject of which was given
very little attention, but in the last several years
this is very delicate subject with high priority.
Very important is the problem of heavy metal and
toxic metals presence — contaminates in the drink-
ing water. Actualizing this question, we must say
that the supply with drinking water, of the local
population in the past period is strictly from the
hydro-accumulation Mavrovica. Because of the
suspicious quality of the water from the above
mentioned accumulation during 2003 there was a
decision made, for forbidding the further usage of
the water of this accumulation for drinking water.
Having this fact in mind there is a need for one
more studious analysis of the water in this drain-
age-area.

There are more confluents of river Orelska
that are used by the local inhabitants f or different
needs. In the near by environment of the above
mentioned area, there are large number of agricul-
tural surfaces that are used for manufacturing dif-

ferent agricultural products. The last geological,
geochemical and ecological researches showed the
potential possibilities of natural pollution in the
examined area. Even more significant reason for
getting across this thesis is more and more strict
legal standards for the quality of the living envi-
ronment in which people lives, and work in this
region.

In the research of the chemical and geo-
chemical characteristics of the flowing water from
the drainage area of the Mavrovica hydro-accumu-
lation, and her near surrounding, in this period,
were very little examinated. The data from this re-
searches can be found in the papers of Pakuuesuh
at al. (1968), KapajoBanoBuh at al. (1975a and
19756), Oymypuanos at al. (1976), I'ysenxoBckn
(1997). Spasovski at al. (2007, 2009, 2010).

The area that was under research is covering
river Kiseli¢ka, river Makreska and river Orelska
until it’s infusion in the Mavrovica accumulation

(Fig. 1).
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Fig. 1. Map of Republic of Macedonia with specified condition of the researched area

MATERIAL AND METHODS

In the frames of the researches there were pre-
liminary field activities made, that were consisted
from preliminary monitoring of the area, in order
to gain preliminary impressions of the field.

Starting the field experiments there are the
points of research defined, and in the same time the
profile lines, which are defining basic field of re-
search were defined. In the frames of foreseen ac-
tivities, there are basic field researches made, that
are consisted of preliminary tracking the field
trough topographic determinations of the points of
testing, and determination of the profile lines, from
which the water samples will be taken. In the
frames of this phase the field that embraces the
flow of river Orelska and surrounding streams,
starting from river Kiselicka trough Blagin dol, to
the inculcation of river Makreska in river Orelska,
continuing to the inculcation to the mentioned hy-
dro-accumulation were cultivated.

Starting phase of the experiment was taking
samples from water from the named points of ex-
amination. Taking the samples from water is con-
sisted from taking samples of water from the mid-
dle of the river flow, in clean plastic dish (plastic
bottle from 1 L).

It is necessary to say that during assumption
of the samples from the water, in the same time the
filtration is done, trough paper filter with dimen-
sions of the caliber of 45 um. Before closing down
the dishes, acidifying with 0.4 ml from 50% nitro-
gen acid (HNQO;) is done. This measure of caution
is done in order to prevent sedimentation of the
metals on the walls and the bottom of the dishes.
Taking the samples was followed with certain de-
termination of the points of experiment with help
of topographic map in proportion 1 : 25 000. Labo-
ratory examinations are consisted from analysis of
taken samples with the method AES-ICP and in-
terpretation of the gained results.

RESULTS AND DISCUSSION

In the frames of the foreseen examinations,
samples from the water were taken from the mid-
dle of the river flow where the water shows calm

flow. Every test is marked with unique number,
and the places of the taken samples in the field are
shown on the topographic map (Fig. 2).

Geologica Macedonica, 24 (2), 103—108 (2010)
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Fig. 2. Topographic map with pointed places of taken samples of water.

The results that are gained for the contents of
the heavy metals in the water from the drainage
basin of hydro-accumulation Mavrovica are given
in Table 1.

To receive more complete impressions for the
concentration of the analyzed elements, in the
samples of water, taken from the drain area of
Mavrovica hydro-accumulation, in the further ex-
aminations will be exhaustively presented and
commented the results given in Table 1.

In the same table there are also given the
standards for the contents of the analyzed elements
in the moving water, in order to compare gained
results with the standards.

Geologica Macedonica, 24 (2), 103—108 (2010)

In the basis on the data, given in Table 1, cer-
tain notes can be given, about the presence of cer-
tain heavy metals in the water from her confluents,
and also the opinion for the reasons that redound to
increased contents of certain metals.

Calcium in the tests taken from river Orelska
and Makreska is showing in amounts, smaller than
maximum allowed concentrations. In the tests
taken from river Kiselicka calcium is showed in
values higher than maximum allowed concentra-
tions. Highest values for magnesium are seen in
the test KR-3 (279.60).
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Table 1

Content of heavy metals in the flowing water from the drainage basin of Mavrovica hydro-accumulation.

ORv-1 ORv-2 ORv-3 ORv-4 MRv-1 MRv-2 KRv-1 KRv-2 KRv-3
As 0.008 0.005 0.111 0.001 0.004 0.035 0.0001 0.0001 0.0001
Stand 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Se 0.008 <0.005 0.035 0.004 0.005 0.004 0.0001 0.0003 0.0001
Stand 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Ag 0.012 <0.001 0.001 0.004 0.005 0.004 0.0001 0.0003 0.0001
Stand 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
Al 0.003 0.002 0.012 0.238 4.67 5.21 69.15 71.12 72.89
Stand 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Ca 78.545 60.026 74.492 68.07 96.19 90.15 279.20 266.14 279.60
Stand 200 200 200 200 200 200 200 200 200
Ni 0.003 0.032 0.021 0.004 0.0054 0.0050 0.0050 0.049 0.052
Stand 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Mn 0.013 0.010 0.016 0.012 0.0049 0.005 4.41 4.93 5.47
Stand 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Fe 0.089 0.020 0.081 0.062 0.029 0.032 5.45 5.76 5.95
Stand 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Cr 0.001 <0.001 <0.001 0.001 0.004 0.004 0.001 0.001 0.001
Stand 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Mg 18.765 23.449 20.266 15.42 16.23 17.46 52.14 47.12 52.09
Stand 150 150 150 150 150 150 150 150 150
Na 20.700 21.526 19.198 22.46 29.06 29.20 66.79 63.45 66.79
Zn 0.009 0.011 0.081 0.579 0.012 0.010 0.61 0.55 0.71
Stand 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Cu 0.006 0.008 0.009 0.008 0.011 0.010 0.022 0.023 0.028
Stand 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Pb 0.001 0.001 0.010 0.017 0.007 0.006 0.002 0.001 0.002
Stand 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Cd 0.001 <0.001 <0.001 0.001 0.0017 0.0018 0.0032 0.0033 0.0048
Stand 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Co <0.001 0.001 0.014 0.026 0.017 0.019 0.142 0.145 0.150
Stand 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Na 20,700 21,526 19.198 22.46 28.12 29.06 55.14 58.15 66.79
K 4.041 3.503 5.588 5.852 6.976 6.986 9.451 9.392 9.426
pH 5.98 6.81 6.88 593 - - - - -

Symbols of taken samples: ORv — sample of water taken from river Orelska; MRv — sample of water taken from river Makreska;
KRv — sample of water taken from river Kiselicka

Magnesium, not like calcium, in all the tests
is shown in concentrations lower than maximum
allowed concentrations. What is interesting for this
element is gradually increasing its values, going
towards headwater of the studied rivers, and espe-
cially river Kiselicka where are the highest values
of 52.09 mg/1 (sample KRv-3).

The values gained for alkaline metals Na and
K are showing significant variation in the analyzed
samples. The values that are gained for Na are
moving in the frames from 19.198 mg/l in the
sample ORv-3 to maximum of 66.79 mg/l in the
sample KRv-3. Potassium is shown in concentra-
tions significantly smaller compared to Na, and the

Geologica Macedonica, 24 (2), 103—108 (2010)
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same are moving in the frames from 5.03 in the
sample ORv-2 to maximum 9.451 mg/l in the sam-
ple KRv-1.

The data for ferum (Table 1) are showing its
small presence in the largest number of analyzed
samples. The exception makes only the samples of
water from river Kiselicka, where the ferum is
noted with values larger than maximum allowed
concentrations and are moving in the frames from
5.45 mg/l (sample KRv-1) to 5.95 mg/l (sample
KRv-3). Down the river Kiselicka flow, a red de-
posit can be noticed, because of the presence of the
oxides if ferum, but also the water is showing ace-
tic taste.

Aluminum presents the biggest infector of the
whole studied area. In the water samples taken
from river Orelska, the values that are gained dur-
ing the examination are lower than maximum al-
lowed concentrations. The values gained for the
aluminum in the samples of water in river Makre-
ska and river Kiselicka are showing its significant
presence in this two rivers. Namely, the values for
aluminum in the samples of water from river
Makreska, are more than 10 times higher than
maximum allowed concentrations. The results that
are gained for the aluminum in the analyzed water
samples from river Kiselicka are showing very
large contamination of this space with aluminum,

indeed the values that are higher over 146 times
compared to standards.

Significant infector of the studied area is also
the zinc. The values gained for zinc in river Orel-
ska (0.579 mg/l) and in the samples of water from
river Kiselicka (0.55 to 0.71 mg/l), are confirming
very clearly its presence in the studied area. These
values are showing that the concentrations of zinc
are 7 times higher compared to the standards.

Manganese, like the zinc is significant infec-
tor of the researched area. The values that are
gained for manganese in the river Kiselicka are
moving in the frames from 4.41 to 5.47 mg/l are
around 10 times higher compared to the standards,
and by that, it is confirmed its large presence in the
examinated area.

Nickel, cobalt and cadmium are noted in
every examinated samples, but the values that are
gained in the largest number of the samples are
lower than maximum allowed concentrations. In
the samples of water taken from river Kiselicka, of
the above mentioned elements, the values that are
gained that are higher, but also very close to the
standard values.

Cuprum, plumbum and chrome in all tested
samples are shown in concentrations that are lower
than MDK and are not presenting contaminates in
the researched area.

CONCLUSION

According the results that are gained, from
the accomplished chemical researches for the con-
tent of heavy metals, in the flowing water from
drainage basin of hydro-accumulation Mavrovica,
it can be concluded that certain group of elements
(Al, Mn, Zn, Fe), in biggest part from researched
samples, are showing significant enlargement
compared to MDK. Other group of elements (Ni,
Co, Cd) is showed in concentrations very similar to
the standard values, and the third group is elements
(Cu, Pb, Cr) that are showing very low values ac-
cording to MDK.

The researches are showing that there is legis-
lative in the allocation of the elements that are in-
fectors, in fact their continuous tracing and gradu-
ally enlargement of their values starting from river
Orelska to Kiselicka. This kind of appearance of
the elements-contaminants, clearly can locate the
natural source of contamination, the area around
the source of river Kiselicka.

Geologica Macedonica, 24 (2), 103-108 (2010)

For the metal concentrations in the flowing
water, geological composition of the researched
area has influence, geochemical characteristics of
the elements-contaminates, as well as pH and Eh
factors.

This conclusions and notes are based on rela-
tively small number of researches (total 9 samples
of water), but any way they are giving clear picture
for presence of certain group of elements-contami-
nants. The values that are gained for the exami-
nated elements, are initializing larger amount of
problems (research of inculcation of river Orelska
in hydro-accumulation Mavrovica, awareness for
the composition of water in hydro-accumulation,
monitoring of the water in different time periods,
examinations of mineralogical and chemical com-
position of the environment trough where the flow-
ing water are passing) with aim to see the source of
contamination and the influence of the elements
that are contaminants of the living environment.
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Pesume

TEIIKHU METAJIA BO BOJATA Ol CIMBHOTO INIOJAPAYJE HA XUJIPOAKYMYJIAIINJATA
MABPOBHUIIA B UCTOYHA MAKEJOHUJA

Opue Cnacoscku, Tpajue Mutes

Daxynitei 3a Upupoonu u wexnuuky Hayku, Ynueepsuivei 61 oye [enuess,
Toye lenues 89, MK-2000, Ilituii, Peityonuxa Maxeoonuja
orce.spasovski@ugd.edu.mk // trajce.mitev@ugd.edu.mk

Kiyunn 300opoBu: Temku Metany; 3aragyBame; AES-ICP; Bona; Opencka Pekxa; Maxkpemka Pexa; Kucennuka Peka;

CIIMBHO TIOZpadje.

Bo 0Boj Tpyx ce naneHu pe3yaTaTUTe U 3aKITydOIHUTE O
HCTpaXKyBarmbaTa Ha 3araJyBameTo CO TCIIKH METAM BO BOJa-
Ta OJ] CIMBHOTO HOApadje Ha XUApoaKyMyanujata MaBpoBu-
na. Co HalIUTe MCIMTYBamba, HalpaBeH € OOux Ja ce corie-
J1aaT pealHUTe COCTOjOM BO MCHHMTYBAHHMOT IIPOCTOP ¥ Ja ce
yTBpIM cocTojbara 3a MPHCYTHOCTA HA TELIKUTE METAH BO
BOJUTE Ha CHOMEHATHOT IpocTop. IIpumepornu Ha Bonma Gea
3emenn ox Opecka peka U NOMaJHTe PeKH OJ Hej3MHaTa He-
MOCpeiHa OKOJIMHA. AHANIM3aTa Ha IIpUMeponuTe Oemre Crpo-
BEJICHAa BO PaMKUTE Ha €J[Ha Cepuja Ha aHAINW3U Ha HHCTpPY-
MEHTOT ATOMCKa €MHCHOHA CIIEKTPOMETpHUja CO MHIYKTHBHO
cnpernara miazma (AES-ICP). Ox moceramHuTe UCKyCTBa Ha
KOHTaMHUHHUPAaE Ha 110/Ipadja KaKBO LITO € MOAPayjeTo O HH-
Tepec, MoXke CI000AHO Ja ce KOHCTaTupa Jieka Tpeba aa ce

CJIeM cIeHaTa rpymna Ha enementd: Mn, Fe, Al, Pb, Zn, As,
Cd, Cu, Ni, Co, Ag, Cr, Ti co MOXHOCT U HEKOH €JIEMEHTH
KOH Ke MOKakaT rmorojemu KoHmeHtpauun ox MKJI (Makcu-
MaJIHO JI03BOJICHU KOJIMYECTBA).

[o ananm3ara W WHTEpHpETALMjaTa HA MMOJATOIHUTE Oea
MOTBPJICHU MPETIIOCTaBKUTE 3a 3rOJEMEHU BPEJHOCTH Ha
cinequure Metanu: Al, Mn, Fe, Zn, As, Cd, Cu. Kontamunu-
paH € IEeIOCHHOT APCHAKEH CHCTEM KOj TIpaBUTHpa KOH
Operncka peka.

3rosieMeHUTEe KOHILIEHTPALMU Ha HEKOM OJ METajuTe
MHOTY 4ecTo Oea 3a HEKOJIKY MaTH IMOT0JIEMHU O]l MAKCHMAITHO
JIO3BOJICHUTE KOHIICHTPALIHH.
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