Journal of
the Serbian

[ ) L]
Chemical Society
JSCS-info@shd.org.rs « www.shd.org.rs/JSCS
J. Serb. Chem. Soc. 79 (3) 379-387 (2014) UDC 54.56' 47’ 815’ 48:556.531.:
JSCS-4592 66.067.9(497.11)(282.243.743)

Short communication

SHORT COMMUNICATION
Transport and storage of heavy metalsin the Sava River Basin
in Serbia
DUBRAVKA VUKOVICY, SRBOLJUB J. STANKOVIC?*, ZIVORAD VUKOVI(?
and KSENIJA JANKOVIC3

1 nstitute of Veterinary Medicine, Vojvode Toze 24, 11000 Belgrade, Serbia, 2Institute of
Nuclear Sciences Vinca, University of Belgrade, P. O. Box 502, 11001 Belgrade, Serbia,
SInstitute for Testing Materials — IMS, Bulevar Vojvode MiSi¢a 43, 11000 Belgrade, Serbia

(Received 28 January, revised 21 August 2013)

Abstract: Selected heavy metals (Cu, Zn, Pb and Cd) in the water and sediment
of the Sava River in Serbia were investigated from three locations in the vici-
nity of industrial and urban settlements (Sabac, Obrenovac and Belgrade)
during the period spring 2007 to autumn 2011. The fluxes of heavy metals
from the river water to the sediment due to sedimentation and heavy meta re-
suspension fluxes arising from sediment re-suspension at high flows were
determined, by application of a model for the assessment of the transport the
pollutants through rivers. These fluxes were attributed mainly to natural
processes.
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INTRODUCTION

Toxic heavy metals have been the subject of many studies, mostly in river
systems, due to their toxicity, abundance and persistence in the environment, and
subsequent accumulation in aquatic habitats.1—> Heavy metals of anthropogenic
origin are generally introduced into river systems as inorganic complexes or hyd-
rated ions, which are easily adsorbed on the surfaces of sediment particles
through relatively weak physical or chemical bonds. Thus, heavy metals of
anthropogenic origin are found predominantly in the labile extractable fraction of
asediment.b

Usudly, trace metal levels in the sediment display marked seasonal and
regional variations, which have been attributed to anthropogenic influences and
natural processes.”:8
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The speciation of Cd, Cu, Zn and Pb in sediments showed higher bioavail-
ability compared to the other studied metals, and consequently they posed a
greater ecological risk.9

The Sava River has not been exposed to anthropogenic influence due to dam
construction, which decreases sediment transport through sediment retention in
the reservoirs. As an integral and dynamic part of the Sava River Basin, the river
sediment originates from upstream weathering of minerals and soils, and is sus-
ceptible to transport downstream by the river water. The sediment particles were
mostly silt and fine-grained sand composed of calcite, quartz, feldspars, ilite and
kaolinite.

In the recent past, attention was paid to the water quality of the Sava River in
respect to microbiological, chemical and radiochemical parameters.10-12 |n apre-
vious paper,13 the results of the distribution and accumulation of heavy metalsin
the water and sediments of the Sava River displayed seasonal fluctuations, which
were attributed mainly to natural processes. The sediment studies were per-
formed mainly because sediments are receptors in water bodies. However, re-sus-
pension of sediments leads to a release of soluble heavy metals in the water
body.14 Hitherto, no relevant method has been suggested to assess and quantify
the transport of heavy metals between sediments and the overlying water.15

The abjective of this study was to quantify the transport and storage of heavy
metals in the Sava River Basin in Serbia by determination of the fluxes of heavy
metals from the river water to the sediment and their re-suspension fluxes under
favourable hydraulic conditions.

EXPERIMENTAL

Three sampling sites were chosen along a 100-km stretch of the Sava River upstream
from its confluence with the Danube River. For the experiment, water and sediment samples
were taken from three sampling locations along the Sava River (Fig. 1). Location No. 1 is near
an industrial area of the town of Sabac. Location No. 2 is downstream of the coal-fired power
plant “Nikola Tesla’, where the Kolubara River flows into the Sava River. Location No.3 is at
the confluence of the Sava and the Danube, in the wider metropolitan area of Belgrade. A total
of 60 water and sediment samples were collected between 2007 and 2011 at six-month
intervals to cover both the dry (autumn, at low flow, g < 500 m3 s1) and wet (spring, at high
flow, g > 1200 m3 s1) seasons. Ten litre-size water samples were collected from a depth of 50
cm. Sediment samples were collected at the depth of 10 cm from the top of sediment surface.
All samples were dried at 105 °C until constant mass was attained. The caked sediment was
then finely ground to grains below 1.0 mm in diameter. Samples of the sediment (2.5 g) were
dissolved in 25 cmd of 1/1 HNOs.

The concentrations of heavy metals were determined by flame atomic absorption spec-
trometry in an air/acetylene flow, using a Perkin Elmer AA200 spectrometer.1® The cadmium
concentration was determined by the graphite furnace atomic absorption spectrometry, using a
Perkin Elmer AA600 with a transversely-heated graphite atomizer (THGA) using a Zeeman
Effect background correction system. The analytical injection (20 pl) and the atomization
were undertaken in five steps, controlled by the appropriate software and auto-sampler.
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Fig. 1. Location of sampling stations on the Sava River: Sabac — location No. 1, Obrenovac —
location No. 2 and Belgrade — location No. 3.

For both techniques, adequate hollow cathode lamps (HCL) were used for irradiation.
Mixed reference standard solutions were prepared for the analysis using Merck certified
atomic absorption stock standards (1000 ug mi-1) and Milli-Q purified water. No modifiers
were added. The quality control (QC) program included reagent blanks, duplicate samples and
certified reference materials. The detection limits (DL) for Cu and Zn were 1, for Pb 0.11 and
for Cd 0.09 ug dm3. Measurement errors were less than 5 %.

RESULTS AND DISCUSSION

The minimum, maximum and mean, with standard deviation, concentrations
of the heavy metals in the sediments and river water of the studied sites at three
locations are presented in Table | for the autumn and spring seasons, respectably.
The level of heavy metals in the autumn was higher in comparison to the level in
spring. The heavy metal concentrations in the water samples were lower than the
maximum permitted concentrations for the protection of aquatic life.1”

TABLE I. The minimum, maximum and mean concentration of heavy metal in the sediments
of the studied sites, for 5 years, from spring 2007 to autumn 2011; total number of sediment
samples: 60

" - -1
Heavy metal ( ) Sediment concentration, mg kg

Min. MeantSD Max.
Zn (spring) 345 51.9+18.6 64.8
Zn (autumn) 47.2 62.5+19.7 88.6
Cu (spring) 25.1 41.3+16.2 56.0
Cu (autumn) 28.2 47.5+16.2 72.3
Pb (spring) 139 18.1+3.8 22.6
Pb (autumn) 14.7 27.6+12.8 48.2
Cd (spring) 2.8 4.1+2.3 6.9
Cd (autumn) 39 49427 8.6
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A common approach to characterize the partition of an element between the
particulate and the dissolved phase is the use of an empirical equilibrium — such
as an expression connects dissolved and particulate concentrations via the par-
tition coefficient (Kg). Although Ky is not a true thermodynamic mass action
constant, it represents a straightforward and easy approach to describe partition-
ing between dissolved and particul ate phases.19

The distribution of heavy metals between different phases gives the oppor-
tunity to estimate the fluxes of heavy metals from water to sediment due to sedi-
mentation and heavy metals fluxes from the sediment to water due to sediment
re-suspension and direct exchange of heavy metals from the sediment to water.
The flux of heavy metal migrating to sediment due to sedimentation is given
by:18

Fws = & KgCw )
where: Fys is the flux of a heavy metal migrating to the sediment due to sedi-
mentation, S is the net sedimentation rate (kg m—2 s1), Kq = csow2; and cs (Mg
kg™1) and ¢,y (mg m3) are the concentrations of heavy metals in the sediment
and river water, respectively. The flux from water to sediment was calculated
according to Eq. (1) using 1.0x106 m s as the value for the sedimentation
velocity, taken from modelling studies.19.20

The fluxes of heavy metals on a yearly level comprised two fluxes: the flux
from water to sediment (Fysa (kg M2 y—1) and the re-suspension fluxes from the
deposited sediment to the sediment water interface Fgs (kg m—2 y=1). The yearly
fluxes of the heavy metals from water to the sediment, as well as the fluxes due
to sediment re-suspension from the bottom sediment, calculated as the difference
of the fluxes Fys at the low flow regime (below 3 m s1) and the same fluxes at
the high flow regime, are presented in Figs. 2a and b (for site 1), 3aand b (for
site 2) and 4a and b for site 3. The Fgg fluxes were much lower than the Fysy
fluxes, because the high flow regime lasted, yearly, between 1.5 and 3.0 months.
Re-suspension of the sediment at a high flow, which resulted in the movement of
heavy metals between the sediment and overlying water, apparently does not
deteriorate the water quality (Table I1) but increase the transport of heavy metals
by the suspended sediment to the Danube River. The fluxes of heavy metals to
the Sava River sediments (Figs. 2—4) were lower than the reported fluxes in the
reservoir and lake sediments derived from industrial sites within the
watershed.21.22

The heavy meta levels in the sediments were greatly reduced due to the
transfer of suspended and re-suspended load. Suspension load of sediments in
water varies broadly depending on characteristics of the river considered. For the
Sava River, with an average flow rate of 1100 m3 s1, the suspension load at its
confluence is 1.0 10~ kg m=3 or 3.5 106 t y—1.23 The distribution coefficients at
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high flow were lower in the wet season than in the dry season, due to the re-
suspension of the bottom sediment. A high flow rate did not prevent the storage
of heavy metals in the sediments, but reduced their accumulation quantity,
depending on the duration of the high water regime (0 < Fgs< 10 %, Figs. 2-4).
The Fgs fluxes showed that the sediments would become a source of heavy
metalsto overlying water if hydraulic changes occurred in the Sava River.
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Fig. 2. The fluxes Fysa/ kg m2y1 and Fgs/ kg m2y-1 of & Zn and Cu and b) Pb and Cd for
location No. 1 in thefive-year period.

The New Serbian Official Regulation on limiting values for pollutants in
surface and ground waters and sediments?4 for the first time regulated the limit-
ing values of heavy metals in sediments. By definition, sediment is an essential,
dynamic and solid component of aquatic ecosystems, which, due to the strong
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tendency to bind pollutants, becomes a reservoir of toxic and persistent com-
pounds of anthropogenic origin.
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Fig. 3. Thefluxes Fy/ kg M2yl and Fg/ kg m2y1 of @) Zn and Cu and b) Pb and Cd for
location No. 2 in the five-year period.

The obtained results showed that anthropogenic input of heavy metals in the
environment of the Sava River Basin in Serbia was not in known amounts. No
high variability in anaytical data obtained is indicative of modest external
sources of heavy metals in the sediment and surface water, mainly due to poor
regiona industrial activity. An increase of Fys would be an indicator of the
anthropogenic origin of heavy metals in Sava River Basin, because as mass accu-
mulation fluxes they could quantify the contribution of human activities. The
fluxes Fys and Fgs were not previously determined.
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Fig. 4. Thefluxes Fy/ kg M2yl and Fgs/ kg m2y1of @) Zn and Cu and b) Pb and Cd for

location No. 3in the five-year period.

TABLE II. The minimum, maximum and mean concentration of heavy metal in the river
water of the studied sites, for 5 years, from spring 2007 to autumn 2011; total number of

sediment samples: 60

Heavy metal (season)

River water concentration, mg m3

Min. MeantSD Max.
Zn (spring) 19.3 49.3+16.8 61.4
Zn (autumn) 24.3 45.3+26.5 78.4
Cu (spring) 7.1 17.3+9.9 29.2
Cu (autumn) 9.2 20.1+11.2 33.6
Pb (spring) 2.2 4.612.2 6.3
Pb (autumn) 29 4.8+2.1 6.7
Cd (spring) 0.3 0.7+0.3 0.9
Cd (autumn) 0.4 13+1.1 41
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CONCLUSIONS

The performed analyses of heavy metals in the Sava River water and sedi-
ment at three selected sites in Serbia showed that their accumulation in the
sediments was predominantly influenced by natural factors. The fluxes of heavy
metals from the river water to the sediments and heavy metal re-suspension
fluxes due sediment re-suspension under favourable hydraulic conditions were
determined. The study indicated that the Sava River sediment is a sink for heavy
metals, but also the source of heavy metal transfer to the water column under
favourable hydraulic condition. At high flow, fluvial erosion occurs and removes
part of the previously deposited heavy metals from the sediments.

Acknowledgement. This work was provided with financial support by the Ministry of
Education, Science and Technological Development of the Republic of Serbia, under Project
No. 43009.

U3BOJ
TPAHCITIOPT ¥ CKIIAJUIITEIGE TEINKHUX METAJIA Y BA3EHY PEKE CABE

JOYBEPABKA BYI(OBI/IT)‘I,CPBOJBYB CTAHKOBI/IEZ, XHWBOPAI BYKOBHE’ n KCEHUJA JAHKOBHR’

1HHCWuu7yw semmiepunapcke meguyune, Bojeoge Tose 24, beoipag, ZHHCWMLTI}/W 3d HyKJIEApHE HAYKE
LBunua“, beoipag u 3Hucu7uu7ym 3a uctutiugcarwe matepujana — UMC,Bojeoge Muwuha 43,5eoipag
HcnutruBanu cy u3adpanu Temku metanu (Cu, Zn, Pb u Cd) y peunom cucremy Case Ha
TPH J0Kanuje y OIM3MHU HHAYCTPUjCKUX M ypdaHux Hacesba (IIlabai,OdpeHoBan u beorpan) y
nepuogy nponehe 2007.—jecen 2011.rogune. Onpehenu cy ¢yKkceBH TEIIKUX METaa U3 BOZIE
y CEIUMEHT, Kao W MOBpaTHU GIyKCeBH U3 CequMeHTa 300r pecyclieH3uje cefuMeHTa y BOIy
IIPH BUCOKOM NPOTOKY, IPUMEHOM MOZ€Na 3a NPOLEeHy TpaHCIopTa NnosiyTaHarta y peund. OBu
(rrykceBr MoTHYy MPBEHCTEHO OJI TPUPOLHUX U3BOpa.

(TTpumisero 28. janyapa, pesuaupano 21. arycra 2013)
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