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ABSTRACT

Slavevska-Stamenkovié V., Smiljkov S. & Stafilov T. (2008): Influence of the summer stratification on
the presence of manganese, iron and copper in Mantovo reservoir. Proceedings of the I1I Congress of Ecologists of
the Republic of Macedonia with International Participation, 06-09.10.2007, Struga. Special issues of Macedonian
Ecological Society, Vol. 8, Skopje.

The objective of this study was to provide more detailed information about seasonally vertical distributions
of dissolved oxygen (DO), temperature and dissolved iron, manganese and copper in the water column of Manto-
vo reservoir (South-Eastern part of the Republic of Macedonia), during the period from May 2003 to April 2004,
Monthly sampling on the surface and bottom water from central and the deepest part of the lake was performed.
Temperature was measured directly on the field. DO was determined by Winkler method while the concentration
of dissolved iron, manganese and copper by atomic absorption spectrometry. The results of temperature and dis-
solved oxygen measurement show that Mantovo reservoir presents dimictic lake. From January to April there was
no variation trend for temperature and DO, showing that the lake was well mixed. From May to October, stable
summer stratification developed, as indicated by the decrease in DO and temperature at the lowest level of water.
Under hypoxic condition iron, manganese and copper release from the sediment and accumulate in the hypolimni-
on of Mantovo reservoir.
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W3BOJ

Cnasencka-Cramenkosuk B., CMusbkos, C. 1 Crapunos T. (2008): Binjaunero Ha neTHara crparudukanyja
Ha NPHCYCTBOTO Ha MaHraH, xene30 H Gakap Bo akyMynamujara Mauroso. 360puuk Ha Tpynosu o I Konrpec na
eKoJlo3uTe Ha Make1oH#ja co MefyHapoIHo y4ecTBo, 06-09.10.2007, Crpyra. IToce6Hu H3/aHIja Ha MakeoHCKOTO
exonoutko nApyinTso, K. 8, Cromje.

enra Ha oBaa cTynuja e aa 0Ge36enu MoxeTaNHM MHDOPMALIMH 32 CE30HCKATA BEPTHKAIHA aucTpubyimja
Ha TeMIepaTypara, KOHLCHTPAIHjaTa Ha PaCTBOPEHHOT KHCIOPOI M HA PACTBOPEHOTO XKeJe30, MaHaH M Gakap
BO BOIHHOT CTONG Ha akymynauujata MaHToBO (jyroucrouer men ua PemyGnuxa Makenonuja), B0 nepuoaoT
ox Maj 2003 zo ampun 2004. M3BpILEHO € MECEYHO KOJNEKIMOHMPALE Ha MOBPIIMHCKA U AJaGMHCKA BOga Of
UEHTPATHHOT M HajANabOKUOT Nen Ha e3epoTo. Temneparypara € MepeHa JUPEKTHO HA TEPEH. Konnenrpanujara
Ha pacTBOPEHHOT KHCIODOZ € ompejcneHa co noMomn Ha Winkler-oBHOT METON HOAcKa KOHIEHTpallHjaTa Ha
PacTBOPEHOTO XKENE30, MaHraH M Gakap CO NPUMEHA HA aTOMCKATa alCOPILMOHA CTIeKTpOMeTpHja. Pesyrrarure
Ol MEpeIbaTa Ha TEMIIEPATypaTa H pacTBOPEHUOT KHCIOPO/ NOKaXKaa feka aKyMynalyjara ManToso npeTcrasypa
AMMHKTHKO €3¢po0. Bo nepuonor o1 jaHyapu 1O anpuii HeMa BapHparsa Ha TEMIIEPATYPATa M KOHIGHTpalujara
Ha pacTBOPEHUOT KHCJIOPOZ, INTO yKaXyBa Ha MukcHja. On Maj 10 OKTOMBpH, Mak, ce pasBHBa CTabHIIHA JeTHA
CcTpaTn(pmKalMja, Ha LITO yKaKyBa ONalameTo Ha KOHILIEHTPALM]aTa Ha PACTBOPEHHOT KHCIOPOH X TeMIleparypara
Ha Anabunckara Bona. Bo yclioBu Ha XHIIOOKCH]a, XKEJIE30TO, MAHMAHOT U 6axapor ce 0c1060/1yBaaT Off CEAUMEHTOT
H C€ aKyMy/TMpaaT BO XHITOIMMHHOHOT Ha aKyMyJauvjara MaHToBo.

Knyunn 360posu: Akymynaunja MaHTOBO, pacTBOpeH KHCIOpOZ, TEMIIeparypa, XKeIe30, MaHTaH, Gakap
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Introduction

Throughout the history humans have con-
structed artificial lakes, also called reservoirs, im-
poundments or dams in different regions of the
world, primarily for addressing problems of water
scarcity, or alternatively for providing flood protec-
tion. In modern times, they also are used for such
purposes as hydropower generation, sports and com-
mercial fisheries and water-based recreation (World
Lake Vision Committee, 2003).

Water quality is one of the main characteris-
tics of a water storage reservoir, even when its pur-
pose is other than human water supply. Already in
the planning stages water quality has to be simu-
lated and predicted (water treatment processes de-
pend on future reservoir water quality). If predicted
quality is not satisfying some changes or precaution
measures must be implemented (such as increasing
or decreasing normal water level, eliminating shal-
low areas, controlling nutrient inflow, protecting
the catchments). Excessive nutrient loads (primari-
ly phosphorus and nitrogen) can cause accelerated
eutrophication (Ivanc and Miljanovi¢, 2003). Addi-
tionally, contamination of water and sediments from
toxic and hazardous substances can also degrade
lake water quality (World Lake Vision Committee,
2003). Those of greatest concern to human and eco-
system health are some heavy metals (e.g., mercu-
1y, arsenic, cadmium, lead, chromium, iron, copper
and manganese).

Metals enter reservoir from a variety of
sources, such as: (1) rocks and soils directly ex-
posed to surface waters which is the largest natu-
ral source, (2) dead and decomposing vegetation and
animal matter, (3) wet and dry fallout of atmospher-
ic particulate matter, and (4) from anthropogenetic
activities, including the discharge of various treat-
ed and untreated solid and liquid wastes into the wa-
ter body (Lasheen, 1987). Among trace metals, man-
ganese, iron and copper play a biochemical role in
the life processes of aquatic plants and animals, and
their presence in the aquatic environment is essen-
tial (Cover and Wilhm, 1982). However, at high con-
centrations, these trace metals become toxic (Nurn-
berg, 1982). A further special feature of toxic met-
als is that they are not biodegradable. Instead they
undergo a biogeochemical cycle with substantially
different residence times in the various spheres and
compartments of the environment. Within this cy-
cle they will be taken up also by man, predominant-
ly from food and drinking water. In this respect toxic
metals constitute a particular risk, because, although
a certain fraction of the ingested amount is again ex-
creted, they have a tendency to accumulate in vital
organs (Nurnberg, 1982).

Furthermore, because of the ecological sig-
nificance and the pollution potential of trace met-

als, it is important to understand processes responsi-
ble for mobilization of trace metals in water column.
A number of studies confirmed that thermal stratifi-
cation, as well as the content of organic matter has
significant effects on trace metal accumulation and
distribution in reservoir, notably to iron, manganese
and copper (Fisher and Wente, 1993; Hudson and
Morel, 1993; Vasconcelos et al., 2002; Morel and
Price, 2003).

There are 19 larger and more than 100 small
reservoirs in R. Macedonia. Most of them are being
used for water supplying and for hydro energy while
few of them are being used for irrigation, fishing and
tourism etc. However, to date, there have been no
detailed studies about thermal regime of Macedo-
nian reservoir, as well as its influence on presence
on iron, manganese and cooper in water column.

The specific objectives of the present study,
conducted in Mantovo reservoir (South-East part of
the Republic of Macedonia) are:

1. To provide more detailed information
about seasonally vertical distributions
of temperature and dissolved oxygen
(DOY;

2. To determine the level of dissolved iron,
manganese and copper in the water col-
umn of Mantovo reservoir;

3. To determine major processes affecting
the distribution of iron, manganese and
copper in the water column of Mantovo
reservoir.

Study area

The Mantovo reservoir is located in the
northern temperate area, in the South-Eastern part
of the Republic of Macedonia at an altitude of 402.5
m. The reservoir was built in 1978, by damming
the River Kriva Lakavica which belongs to tempo-
ral waters (Tenes, 2001). The main purpose is irriga-
tion on Strumica and Radovis fields, as well as fish-
ing (CtojmMunos, 2003). Its surface area is about 4.94
km?. The length of the reservoir is approximately 5.5
km and average width is about 0.80 km. The max-
imal depth is about 20 m, and fluctuations of wa-
ter level are 3-5 m. Geological structure of bottom
is primary of igneous rocks rich with copper, iron,
manganese (Mujanos, 1991). Before filling the res-
ervoir vegetation wasn’t remove, so it is obvious that
newly formed reservoir contained a large quantity of
undecomposed organic matter. From the period of
construction, the volume of the lake has undergone
significant reduction due to increased consumption
and strong erosion on steep shores (Copfuescka
ap., 1998). Also, water was never released at the
dam because there isn’t outflow from the reservoir
(Tenes, 2001).
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Materials and methods

Monthly sampling from the Mantovo reser-
voir was performed during the period from May 2003
to April 2004. Because the most part of the lake is
shallow and well mixed (CnaBeBcka-CTaMEeHKOBHK,
2007), only profundal region was included in this
study. Accordingly, surface (0.5 m under surface)
and bottom (0.5 m above the bottom) water sam-
ples were taken only from the central (10.2 m) and
the deepest part close to the dam (20.3 m), which
belong to the upper and lower profundal region, re-

spectively (Fig. 1).

Temperature was measured directly on the
field. In order to calculate the concentration of DO,
standard Winkler bottles were used, while for the
analyses of the concentration of dissolved iron, man-
ganese and copper, water samples were stored in 0.5
1 polyethylene bottles and conserved with HNO, of
high quality (1 ml acid per 0.5 I of water).

The concentration of dissolved iron, manga-
nese and copper was determined by Varian Spectra
AA 640Z atomic absorption spectrometer after filter-
ing water samples through glass fiber filters (What-
man GF/C 0.45 pm) . DO was measured by Winkler
titration method. All analytical methods used are

Temperature
=4~ central part
surface
t/°C ~#- central part
bottom
-4~ deepest part
surface
-l deepest part
bottom
0 T T T T Y T T T T T T ]
V VI vl vill IX X XI XOI 1 H 1 1
Fig. 2. Seasonal changes in temperature (°C) in the water column of Mantovo reservoir.
Cn. 2. Ce30HcKH poMeHH Ha TemneparypaTa (°C) BO BOZEHHOT CTOJI6 Ha aKyMynauujara Manroso.
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standard ones, recommended by APHA (1992).

The monitored parameters were interpret-
ed according to Macedonian water quality standard
(The regulation on Water Classification, Official Ga-
zette 18/99).

Results and discussion

The results of temperature measurement
show that Mantovo reservoir presents dimictic lake
(Fig. 2). From January to April there was no varia-
tion trend for temperature, showing that the lake was
well mixed. From May to October, stable summer
stratification developed, as indicated by the decrease
in temperature in the upper and lower profundal re-
gion. Short period of the reversal thermal stratifica-
tion was noticed in December.

The amount of oxygen in the water is an im-
portant indicator of overall lake health. Water tem-
perature and thermal stratification, as well as content
of organic mater in the water column play an impor-
tant role in determining the amount of oxygen found
in the lakes and reservoirs (Wetzel, 1975). In the case
of Mantovo reservoir, CrnaBeBcka-CTaMEHKOBHK
(2007) detected high average concentration on dis-
solved organic matter as consumption on KMnO,
(19.99 mg/1) which correspond to the category of eu-
trophic water. This parameter indicates presence on
considerable organic loading in the given reservoir,
which wasn’t surprisingly because before filling the
reservoir vegetation wasn’t removed. The measure-
ment of the concentration of DO in Mantovo reser-
voir show that water was well oxygenated in winter,
during spring and autumn mixing, and in epilimnion
(surface layer of water) during summer stagnation.

In the near-bottom water, during the summer
stratification period oxygen depletion was observed
(Fig. 3). Namely, DO is cut-off from all sources of
oxygen, while organisms continue to respire and

consume oxygen in the hypolimnion. Concerning to
duration on stratification period there were noticed
some differences between upper and lower profun-
dal which affects the chemistry on the bottom wa-
ter (Fig. 3). According to Macedonian water quali-
ty standard (the regulation on Water Classification,
Official Gazette 18/99) values of DO in the upper
profundal fluctuated in the region of meso-eutrophy
(1.2-5.7 mg/1 O,). Longer presence and permanence
of thermal stratification cause more prolonged and
pronounced oxygen deficits in the deepest parts of
the lake which corresponds to the category of hyper-
eutrophy (0.9-3.4 mg/l O,). Under hypoxic, almost
anoxic condition, it is possible that large amounts
of toxic sulfides were also produced in this region,
which, according to the suggestion of Prat (1978),
was confirmed with black color on the mud and un-
pleasant odor (personal observation directly on the
field). Z
According to Cover and Wilhm (1982), Wu et
al. (2001), Brian et al. (2003) and Alagarsamy et al.
(2005), redox sensitive elements such as iron, man-
ganese and copper, will be reduced under condition
of low oxygen and redox potential (E,). The latter
exhibit seasonal changes resulting from changes in
oxidizing and reducing conditions in lake that strati-
fies in summer (Cover & Wilhm, 1982).

It is evident that this phenomenon plays an
important role in the cycling of iron, manganese and
copper in Mantovo Reservoir. It can be seen from
the seasonal changes in concentration on manga-
nese, iron and copper in the surface and bottom wa-
ter from central (upper profundal) and the deepest
part (lower profundal) of Mantovo reservoir present-
ed on Figs. 4-6.

It is clear that small variation existed between
the concentration of iron, manganese and copper in
the water column in spring and fall, which is due
to well oxygenated water. The range of concentra-
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12 - Dissolved oxygen 12.3
10.4 =4~ central part
10 1 surface
= 87 ~#~ central part
6 - 6.4 bottom
4- 4.9 ~&— deepest part
surface
2 =i deepest part
0 T T T T T 7 T T T T T i bottom
vV VI vl vil X X XI XII I I 1IH 1Iv
Fig. 3. Seasonal variation in oxygen concentration (mg/l) in the water column of Mantovo Reservoir.
Cn.3. Ce30HCKH BapHpama Ha KOHIIEHTpal{jaTa Ha KHCIOPOJ (MI/NI) BO BOACHHOT CToN6 Ha

aKyMymanujara MaHToBo.
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Fig. 4. Seasonal changes in concentration on manganese (ug/1) in the water column of Mantovo reservoir.
Ca. 4. Ce3oHCKH IPOMEHH BO KOHUEHTpaIuMjara Ha MaHraH (pg/l) Bo BofHHOT cTon6 Ha aKyMmynamujara
MamnToBo.
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Fig. 5. Seasonal changes in concentration on iron (ug/l) in the water column of Mantovo reservoir.
Cn. 5.  Ce30HCKM IPOMEHM BO KOHIIEHTPAIMjaTa Ha xkene30 (pug/l) Bo BOZHHOT CTONG Ha aKyMyJalujara

Manroso.
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Fig. 6. Seasonal changes in concentration on copper (ug/1) in the water column of Mantovo reservoir.

Cn 6.
MasroBo.

tion during these seasons was from 16.7 to 86.9'ng/1
for manganese, from 18.5 to 112.1 pg/1 for iron and
from 2.3 to 90.3 pg/l for copper. Although the con-
centration of manganese and iron in most cases was
greater in bottom water than in surface, the differ-
ences were not significant. In opposit of the behav-
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Ce30HCKH MPOMEHU BO KOHIEHTpauujara Ha 6akap (ug/l) Bo Bo

OT CTONIO Ha aKyMyNaugjara

iour of manganese and iron, moderate high concen-
tration of copper was measured in the bottom wa-
ter under oxidizing condition. Having in mind that,
heavy metals bound with sulfide could be released
into the well oxidizing water (Shen et. al., 2007), it
is possible that cooper in Mantovo Reservoir exists
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in sulfide form.

However, during summer stratification, dis-
solved manganese, iron and copper concentrations
Jjust above the sediment surface were significantly
higher than those in the surface water, showing that
their reduction and dissolution occurred. In addition,
under condition of more prolonged and pronounced
oxygen deficits in the deepest parts of the lake, high-
er concentrations on manganese (2819 pg/l), iron
(265.6 pg/l) and copper (147.6 pg/l) were found in
the lower profundal (Figs. 4-6) which is in agree-
ment with the results reported in the literature (Cov-
er and Wilhm, 1982; Wu et. al., 2001; Brian et. al.,
2003).

It should be stressed that detected concentra-
tion on manganese and copper in the deepest part of
the lake are very high (toxic level) and belong to V
class (the regulation on Water Classification, Offi-
cial Gazette of RM, 18/99).

Possible explanation for the origin of these
metals in Mantovo reservoir is fact that geological
structure of bottom is primary of igneous rocks rich
with manganese, iron and copper. Additionally, as
result of strong erosion on steep shores (I"opfuescku
4 1p., 1998) Mantovo reservoir receives a large in-
flux of sediments, silt, nutrients and suspended mat-
ter from the surrounding watershed witch can con-
tain sediment-bound toxic metals. Namely, it is well
known that suspended solids can act as scavengers
for trace metals in the water (Lasheen, 1987). Hav-
ing in mind that contaminated sediments are a major
source of pollution and represent a potential threat to
all components of aquatic ecosystems (Sorensen et
al. 1977; Landrum and Robbins 1990), investigation
on Mantovo reservoir should continue in the future.

Conclusions

Investigation preformed in this study pres-
ents first detailed analyses on the presence of Mn, Fe
and Cu in the water column of Mantovo reservoir.

The results confirmed that thermal stratifica-
tion, accompanied with high content of organic mat-
er, presents processes responsible for pronounced
oxygen deficits in the bottom water, as well as for
mobilization of manganese, iron and copper from
sediment to the hypolimnion of Mantovo reservoir.

Further studies are needed to determine con-
tent of manganese, iron and copper in sediment of
Mantovo reservoir.
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Summary

This study demonstrates that Mantovo reservoir presents dimictic lake. In the near-bottom water, dur-
ing the summer stratification period oxygen depletion was observed. Concerning to duration on stratification
period there were noticed some differences between upper and lower profundal which affects the chemistry on
the bottom water. Longer presence and permanence of thermal stratification caused more prolonged and pro-
nounced oxygen deficits in the deepest parts of the lake. Consequently, higher concentrations on manganese
(2819.0 pg/l), iron (265.6 pg/l) and copper (147.6 pug/l) were accumulated in the lower profundal.
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