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HEAVY METALS IN SEDIMENTS AND SOILS ALONG THE BREGALNICA RIVER
IN THE PART OF HYDROACCUMULATION KALIMANCI TO KOCANI

Orce Spasovski, Blagica Doneva

Faculty of Mining, Geology and Polytechnic, "Goce Delcev" University,
Goce Delcev 89, MK-2000 Stip, Republic of Macedonia
orce.spasovski@ugd.edu.mk / blagica.doneva@ ugd.edu.mk

Abstract Inframe of this paper are given the results and findings from the research performed for determi-
nation of metal pollution in the flow of the Bregalnica River. After the analysis and interpretation of data were con-
firmed the assumptions for increased values of the following metals: Zn, Pb, Cd, In, Cu, Fe, Mn, As, Ag and Ni.
Since in the near vicinity is Sasa Mine for lead and zinc exploitation, especially interesting were the results for Pb
that reached 331.2 mg/kg, Zn that reached 321.1 mg/kg, Cd that reached 2.0 mg/kg in sediments and Pb that reached
112.98 mgfkg, Zn that reached 613.71 mg/kg, Cd that reached 4.85 mg/kg in soils. The increase of metal concentra-
tion was determined in all of the analyzed medias: sediment and soil. Increased concentrations of metals quite often
were of several times magnitude over the maximal allowed standards. The increase of metals concentration was high-
est in the area of the hydroaccumulation Kalimanci, and downwards through the flow of the Bregalnica River the

concentrations decreased.
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INTRODUCTION

Waste materials which are contained in the
tailing of the hydro dump Sasa through the
Kameni¢ka River are bring in the hydroaccumula-
tion Kalimanci. Water of the hydroacumulation
Kalimanci is used for irrigation, and part of it flow
into the Bregalnica River. Waste waters of the
Kamei¢ka River, hydroaccumulation Kalimanci
and the Bregalnica River contaminate the land
(sediments and soils), and also the underground
waters accumulated in the wells which are located
on the flow of the Bregalnica River.

The tailing which is disposed in the hydro-
dump Sasa is waste derived from the process of
selective flotation concentration in which concen-
tration of the lead and zinc minerals are concen-
trated. The composition of the waste materials is

directly connected with the type and the quantity of
the flotation reagents, characteristics of the proc-
essed ore, process of enrichment, and also pH
value of the pulp. The liquid phase of the flotation
tailing is composed of highly mineralized waste
water with increased concentrations of sulphates,
heavy metals, phenols and other toxic materials.

According to the geographical position of the
investigated terrain and the direction of the waste
waters, there is possibility of contamination of the
underground waters and the land (sediments and
soils).

Preliminary investigation results of this type
can be found in the publications from Mir¢ovski
and Spasovski, 2003; Mircovski, Spasovski at al.
2004; Serafimvovski et al. 2005.

GEOLOGICAL AND HYDRO-GEOLOGICAL CHARACTERISTICS OF THE TERRAIN

The moving of the waste waters underground
depends of the hydro-geological characteristics of the
terrain, which will be further present more detailed.

On the investigated terrain there are Quater-
nary alluvial sediments of the Bregalnica River and

Neogene sediments in the vicinity of Kamenica
and on the left side of the Bregalnica River in the
vicinity of Ko&ani.

Alluvial sediments of the Bregalnica River
consists of sands, gravel, and on some places sandy
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clays. This composition of the alluvial sediments
made it possible accumulation of significant quan-
tities of waste water with possibility of contamina-
tion of the sediments and soils.

Neogene sediments in the vicinity of Kameni-
ca and on the left side of the Bregalnica River in
the vicinity of Kocani are made of marly clays and
Quaternary alluvial sediments presented by clays,
sandy clays, sands and gravels.

There are open type wells on the investigated
terrain with free level in which the level of under-
ground water is near the surface. Good filtration
coefficient and direct hydraulic connection with
the Bregalnica River shows the possibility of con-
tamination of the underground waters, sediments
and soils with the waste waters from the hydro-
dump of the Sasa mine.

MATERIALS AND METHODS

For the purpose of this study were collected
13 sediment and 6 soil samples from sampling sites
shown on Figure 1. These samples were taken us-
ing plastic spatula. Both, soil and sediment sam-
ples were air dried at 20°C for a week and sieved

through 2 mm sieve to remove plant debris, peb-
bles and stones. They were then ground in a me-
chanical agate grinder to a fine powder for further
geochemical analyses.

Soil sampling pomt
Sediment sempling point

Fig. 1. Topographic map with the sampling points

Geologica Macedonica, 21, 75-86 (2007)
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All the analyses were performed both on ICP-
AES (Faculty of Mining, Geology and Polytechnic,
Stip). The accuracy and precision were better than
+5 %. This was indicated by the results of dupli-

cate measurements. It is very important to point
out that there is chronology in sampling and analy-
sis of the area of interest.

RESULTS AND DISCUSSION

The results are given by certain river flows
and adjacent area. This was done with a reason to
clarify the contamination going along from near
the mine and further. Since we have obtained the
results from analyses we have proceeded to their
interpretation, calculation of correlation factors,
construction of particular diagrams etc.

Sediment samples

Similar to the water sampling and analysis
programme in the area of interest was performed
programme of sampling and analysis of sediments.
The results are given below in Table 1.

As a summary from the analysis of sediments
taken along the watercourses of the Bregalnica
River, including both programme, we would like to
point out the following facts:

Al — increased concentrations of this element
(over MAC — maximal allowed concentrations) are
present all over the sampled area.

Zn — in all the samples were determined an-
omalously increased concentrations of Zn in com-
parison with the MAC. This results from the pres-
ence of Zn as a major element in the mineral asso-
ciation in the Sasa Mine.

Pb — all the samples show increased values
over the MAC, especially in the sediments from
near village Istibanja and on the road Kalimanci
Dam — Village Istibanja.

Co — as well as other elements, Co is deter-
mined in increased concentrations.

Cd - this very toxic metal shows high values
only in some samples, in other is near to the
maximal allowed concentrations.

V — only some samples has increased concen-
trations, in other samples the concentrations are in
the range of normal values.

As — it very high concentrations over the stan-
dard values were determined in all samples, except
in two. This is because of its presence in the min-
eral association and its low solubility and migra-
tion in mediums with a ceratin pH values.

Geologica Macedonica, 21, 75-86 (2007)

Ag — the concentrations over MAC were de-
termined only in two samples. All other samples
has concentrations of Ag lower than standard val-
ues.

Ni — this element was determined in increased
concentrations and over the standard values. Its
maximum was determined in the sample Is/Br/S-3.

Cr —in all samples were determined increased
values (over the standard values) of this element.
In some samples the concentration is three times
over the standard value.

Fe — in alll samples concentration of Fe is
within the MAC.

Mn — in all samples is present with an in-
creased concentrations above the MAC.

Cu - in all the samples were determined in-
creased concentrations, two — three times over the
MAC.

Sr — in all samples is in low concentrations
except in one sample where the concentration is
over the standard value.

After the analyses and interpretation of results
we have constructed few diagrams with an intent to
emphasize some of the facts determined during the
interpretation of data (Figures 2—10).

Soil samples

Results from sampling programmes of water
and sediments from the watercourses of Bregal-
nica River gave us a clue to proceed with a sam-
pling programme of soils around those water-
courses. During the sampling we have sampled the
area in the vicinity of Bregalnica River, in the part
of hydroaccumulation Kalimanci to Kogani. The
sampling programme was realized along profiles
that were established normaly to the watercourse.
Samples were taken approximatelly from 25 me-
ters from the watercourse on both sides. After the
sampling the samples followed the same procedure
as it was mentioned in the Materials and methods
part of the text.

The results that were obtained with an analy-
sis of soil samples are given in Table 2.
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Table 1
Concentration of some metals in the sediments
L @ - o - o b Q
¢ 3 & @ d 2 & & & @ & @ e
a = = = b= B = & & & & @ @
2 & = & @ a2 = & a £ = 3 2
] A C; 2 2 & 2 & & €] S = =
%

AlLO; 270 279 473 493 4.56 2.60 512 1.84 1.67 1.91 2.21 2.23 241
FeO 4.15 335 6.11 6.70 3.74 441 6.66 3.1 272 283 2.85 3.26 3.36
Ca0 0.91 0.55 0.40 045 043 0.70 0.78 1.09 0.56 0.74 0.97 0.81 0.74
MgO 088 0.89 2.11 222 212 113 1.64 0.90 0.72 0.77 0.74 0.77 0.80
TiO, 0.17 0.12 0.17 0.18 0.14 0.09 0.12 0.07 0.09 0.11 0.18 0.12 0.09
MnO  0.08 0.09 0.07 0.08 0.08 0.06 0.30 0.05 0.04 0.05 0.05 0.07 0.09
Na,O  0.02 0.01 0.02 0.02 0.02 0.08 0.02 0.01 0.01 0.02 0.02 0.02 0.01
K:0 0.21 0.29 0.65 0.65 0.60 032 0.55 022 0.19 0.20 0.20 0.20 0.26
P>0s 0.18 013 0.19 0.19 0.20 0,22 0.14 0.18 0.13 0.14 0.16 0.20 021

mg/kg
Sr 40.6 233 154 17.2 15.1 36.8 91.0 279 20.8 34.0 48.50 3340 20.7
Ba 753 1301 83.5 943 84.7 1485 2919 84.7 68.7 758 76.31 138.3 96.5
Ni 169 229 5517 60.7 55.1 26.8 30.7 165 16.0 124 10.98 193 234
Stand 9.9 929 9.9 9.9 99 9.9 99 99 99 9.9 99 9.9 99
Cr 327 322 33.0 342 13 289 44.1 211 18.6 18.1 18.44 224 233
Stand  10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
\% 63.1 404 41.4 46.6 39.6 379 65.0 30.8 28.6 323 41.05 3117 32.1

Stand 50 50 50 50 50 50 50 50 50 50 50 50 50

Mo I 0.9 220 41.5 294 6.9 17.1 209 0.8 2.8 9.71 7.0 123
Zn 619 2685 2980 321.1 3173 96.6 1159 56.4 49.1 54.0 46.74 1473 2309

Stand 225 22.5 225 22.5 225 22.5 225 225 22:5 225 225 225 225
Cu 235 24.0 75.6 799 777 269 36.2 189 14.5 13.7 13.07 18.4 211

Stand 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5

Pb 226 391 3249 3309 3312 236 345 13.6 17.2 129 19.17 19.4 323

Stand  10.5 10.5 10.5 105 10.5 10.5 105 10.5 10.5 105 105 10.5 10.5
Co 143 122 29.4 328 31.2 133 213 9.8 8.2 8.9 9.05 9.5 127

Stand  10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Cd 0.00 1.9 20 18 1.9 0.2 04 0.2 0.2 0.1 0.06 0.8 1.6

Stand 02 02 0.2 02 0.2 0.2 02 0.2 0.2 0.2 0.2 0.2 0.2
As 33.1 22.6 16.1 349 334 21.6 44.5 0.4 23.7 20.0 1.81 223 15.6

Stand 1.1 I 1.1 1.1 L1 1.1 1.1 11 Il 1.1 1.1 1.1 11}
Ag 02 05 02 0.6 0.1 0.7 12 0.0 0.7 0.2 0.4 0.1 0.4

Stand 049 049 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49

100
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Fig, 2. Distribution of Zn in sediments of the Bregalnica River 2007
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Fig. 3. Distribution of Pb in sediments of the Bregalnica River 2007
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Fig. 4. Distribution of Cd in sediments of the Bregalnica River 2007
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Fig. 5. Distribution of Cu in sediments of the Bregalnica River 2007

Geologica Macedonica, 21, 75-86 (2007)



80

0. Spasovski, B. Doneva

2
=
B
E
= aNi
o
g @ Stand.
=
c
8
<
8
B
D
E
é @ Co
.% m Stand.
:
8

Sample

Fig. 7. Distribution of Co in sediments of the Bregalnica River 2007
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Fig. 8. Distribution of Ag in sediments of the Bregalnica River 2007
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Fig. 10. Distribution of As in sediments of the Bregalnica River 2007
Table 2
Concentration of some metals in the soils
Kb/Br/P Is/Br/P-1 Is/Br/P-2 Is/Br/P-3 Is/Br/P-1 Is/Br/P-2
%o
AlO; 3.22 3.12 2.77 4.63 4.01 259
FeO 3.92 4.67 3.67 4.97 535 4.48
CaO 0.61 0.96 1.40 0.60 1.15 0.85
MgO 0.90 0.89 0.86 1.11 1.42 1.06
MnO 0.16 0.09 0.11 0.14 0.08 048
Na,0 0.02 0.02 0.02 0.02 0.02 0.02
K,0 0.30 0.22 0.29 0.45 0.54 0.30
P,05 0.18 0.22 0.17 0.20 0.21 0.25

Geologica Macedonica, 21, 75-86 (2007)
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Kb/Bt/P Is/Br/P-1 Is/Br/P-2 Is/Br/P-3 Is/Br/P-1 Is/Br/P-2
mg/kg
Sr 24.49 43.88 34.66 31.48 35.11 31.21
Stand 49 49 49 49 49 49
Ba 139.19 76.83 108.69 190.42 132.37 225.62
Stand 0.7 0.7 0.7 0.7 0.7 0.7
Ni 22.79 19.58 23.32 30.01 36.73 34.02
Stand 9.9 9.9 9.9 9.9 9.9 9.9
Cr 27.48 38.10 23.46 35.01 39.27 31.91
Stand 10 10 10 10 10 10
A% 40.66 77.55 38.45 52.54 50.13 48.11
Stand 50 50 50 50 50 50
Mo 10.85 3.26 -2.90 2.11 0.88 -6.98
Zn 51242 70.01 307.14 613.71 135.16 452.55
Stand 225 225 225 225 225 225
Cu 26.22 24.68 27.95 32.81 42.87 33.18
Stand 17.5 17.5 175 17.5 17.5 17.5
Pb 53.49 25.04 57.49 74.48 66.98 112.98
Stand 10.5 10.5 10.5 10.5 10.5 10.5
Co 12.97 15.96 12.75 1527 17.95 17.55
Stand 10 10 10 10 10 10
Cd 3.93 0.04 3.20 4.85 0.10 2.54
Stand 0.2 0.2 0.2 0.2 0.2 02
As 6.53 27.66 10.83 40.68 34.52 62.31
Stand L1 1.1 1.1 11 | 14
Ag 0.16 -0.09 0.34 0.04 0.37 -0.03
Stand 0.5 0.5 0.5 0.5 0.5 0.5

Al — concentration of Al in all soil samples
was lower than the standard values, which resulted
from the geological composition of the area.

Zn — because of the presence of Sasa mine
and the geology of the area Zn has been deter-
mined in anomalously high concentrations in all
samples taken near the mine.

Pb — as well as for the Zn, Pb is present in in-
creased concentrations than the standard values in
all samples.

Fe — in all samples iron showed higher con-
centrations than standard values. Its highest values
were determined in samples Is/Br/P-1 and Is/Br/P-3.

Mn - this element have shown concentrations
that are near the value allowed by standards.

Cu - copper have shown concentrations
higher than standard values in all samples. Maxi-
mum  concentration was determined in sample
Is/Br/P-1.

Sr — in analyzed samples was not determined
increased presence of Sr that exceeds the standard
value.

Ba — in all samples the concentration of this
element is higher than the value allowed by stan-
dard.

Ni - its presence is in very high concentra-
tions in analyzed samples. Its concentrations are 2—
3 times over the standard values.

Cr - as well as Ni, Cr concentrations are also
2-3 times over the standard values..

Co — in all samples was determined increased
presence of this element, above the standard val-
ues. The maximum value was detrmined in sample
Is/Br/P-1.

Cd - the very toxic cadmium showed very
high values almost in all samples, except in two.
All of them are few times above the standard val-
ues. This fact point out to a very serious contami-
nation with this metal.

Geologica Macedonica, 21, 75-86 (2007)
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V — is present in concentration whish are in the The main reasons for increased pollution of
nge of maximal allowed values, except in two sam- soils in the area of interest should be the geology
2s where the concentration of V is over the MAC. and composition of rocks and mineralizations, or-

As — as a direct consequence of geology of ganic fertilizers used on arable soils, etc. [ Younger,
e sampled area arsenic was determined in con- 2002a, 2002b] After the analyses and interpretation
mtrations higher than standard values. The high- of results we have constructed few diagrams with
t concentration of arsenic was determined in intent to emphasize some of the facts determined
mple I¥By/P-3. during the interpretation of data from both pro-

Ag — its concentrations are lower than stan- gt (Big s 1 1-15).
ird values.
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Fig. 11. Distribution of Zn in soils in the vicinity of the Bregalnica River 2007
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Fig. 12. Distribution of Pb in soils in the vicinity of the Bregalnica River 2007
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Concentration Cd (mg/kg)
N
o

o Cd

@ Stand.

Kb/Br/P

Is/Br/P-1

Is/Br/P-2 Is/Br/P-3 Is/Br/P-1
Sample

Is/Br/P-2

Fig. 13. Distribution of Cd in soils in the vicinity of the Bregalnica River 2007

Concentration Ni (mg/kg)
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Fig. 14. Distribution of Ni in soils in the vicinity of the Bregalnica River 2007
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Fig. 15. Distribution of Cr in soils in the vicinity of the Bregalnica River 2007
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Concentration Cu (mg/kg)
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Fig. 16. Distribution of Cu in soils in the vicinity of the Bregalnica River 2007
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Fig. 17. Distribution of Co in soils in the vicinity of the Bregalnica River 2007
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Fig. 18. Distribution of As in soils in the vicinity of the Bregalnica River 2007
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CONCLUSION

In general, after summarizing all the facts,
which have resulted from this research we could
say that, due to intensive mining in the Sasa Mine
during the previous years, was determined serious
disturbance of the natural metal balance in medias
such as sediments and soils. The analysis results of
samples taken from sampling points along Bregal-
nica River, in the part of hydroacumulation Kali-
manci to Kocani have shown that this area has
been significantly contaminated by heavy metals
and trace elements. The determined concentrations
of metals shown increased values, no matter how
high they were in comparison with maximal values
allowed by standards (MAC and NOAA).

It can be seen that the concentrations of many
of the elements in sediments are significantly big-
ger close to the hydroaccumulation Kalimanci and

they decreased with the distance. In the soils, the
concentration of the elements is variable from site
to site and it shown increased values with the dis-
tance of the hydroaccumulation Kalimanci.

Increased concentrations of heavy and toxic
metals are direct consequence of few factors: geo-
logical composition of the area, anthropogenic in-
fluences such as mining, railing and deposition of
tailing, application of organic fertilizers on arable
soils, physico-chemical features of waters (pH, Eh
etc.).

After all the results and conclusions that came
out from this analysis of the close proximity of the
Sasa Mine it remains the open question the
bioavailability of determined metals and metaloids
and possibility of their inclusion into the food
chain.

REFERENCES

Munpuoscku, B., Cracoscekn, O., 2003: MoxHOTO BIM-
jaHHe Ha eKonomKaTa Katactpoda Ha janosmTeTo
Ha TyHmpTe Caca Ha 3arafyBameTo Ha MOJ3EMHNTE
BOIH BO pYAHUKOT fio rpapot Wtan. Biiopo coseitiy-
Gaibe Ha Zeolepmanna enepzuja 80 Peiy6auxa Mare-
donuja, 36oprir na iwpydoau, Bancko.

Mirfovski V., Spasovski O., Paneva V., 2004: The disser at
the talling pond of the Sasa lead and zinc mine contamina-
tion of surface and undergroundwaters Sth International
Symposium on Eastern Mediterranean Geology, Thessalo-
nici, Greece.

Serafimovski T., rt al. 2005: Heavy metals in sediments and
soils around the Bucim cooper mine area. Geologica Ma-
cedonica, 19, pp. 69-81.

Joinger, P. L., Banwart, S. A. and Hedin, R. S., 2002a: Mine
water: Hydrology, Pollution, Remedation, Kulver Aca-
demic Pulishers, Dordericht,

Joinger, P. L., 2002b: Mine water pollution from Kernow to
Kwazulu-Natal: Geochemical remedial options and their
selection in practice. Geoscience in Soutg-west England,
20, 256-266.

Pezume

TEIUKH METAJIM BO CEAUMEHTHUTE U ITOYBUTE I1O TEKOT HA PEKATA BPETAJIHUIIA
HA IEJIOT OJf XUAPOAKYMYJIALMJATA KAJIMMAHUM 10 KOYAHU
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Kayunn SEOPUBH: METaJIH; 3arayBaibe; 0JI0BO; LIMHK; CSIAMMCHTH; TOYBH; MAKCHMANHO JO3BOJICHH KOHLCHTPALHU

Bo Tpyot ce nanenn pesynrati o HCTpayBaibaTa Ha
3arajlysamero co MeTalM 110 TEKOT Ha pekara bperanuuua. Co
AHANH3ATA | MHTCPTPETALMjaTA HA TIOJATOLUTE Ce NMOTBPIAM
MPETNOCTABKATA 33 3rofleMEHH BPEAHOCTH Ha  CICHHHTE
meramu: Pb, Zn, Cd, In, Cu, Fe, Mn, As, Ag u Ni. buaejku so
HenocpeaHa GM3MHA HA MCIMTYBAHHOT TepeH ce Haofa
PYAHHKOT 3a ofoso u umnk Caca, ox nocefen unTepec ce
pesyararure 3a Pb kon nocrurnaa speanocty 1o 331,2 mg/kg,
Zn KOM IMCTHIHaa BpeamocTH go 321,1 mg/kg u Cd xou
ancruruaa speaoctu jo 2,0 mg/kg Bo ceaumentute, n Pb

KOM Z0CTHTHaa BpenHocTH no 112,98 mg/kg, Zn xom pocrur-
Haa BpeAHocTH a0 613,71 mg/kg n Cd kou nocrurnaa Bpejl-
HoctH 10 4,85 mg/kg Bo nousute. 3ronemenn KOHLIEHTPAIHK
Gea KOHCTATHPAHM BO CHTE aHATMINPAHN MPHUMEPOLIH 0] Ce-
JMMMEHTHTE 1 nousara. Konuentpauunte Ha meranunte Gea 3a
HEKOJIKY NaTH NMOTONIEMH 0 MaKCHMANHO J03BONCHHTE. 3ro-
JICMYBAILETO HA KOHLEHTPAUMUTE GEIe HajroJemMo BO HErmoc-
peana GamMsHua Ha XuApoakymyiaunjata Kanumanuu, 1oaexa
OJiejk1 HALOMY 110 TEKOT Ha pekata Bperanunuua KOHLIEHTpPa-
LIMUTE MOCTEINEHO ornaraar.
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