Water quality and the assessment of anthropogenic pollution
in the sediments of the Elbe River oxbow lakes

Lucie Beranova, Dagmar Chalupova

Abstrakt

Tato prace je zaméfena na zhodnoceni kvality vody a antropogenniho znecisténi sedimentii ve starych
ramenech Kozelska tin a Vrt’ stfedniho toku Labe. Stara ficni ramena jsou vyznamnymi ekosystémy,
ve kterych se miize ukladat velké mnozstvi znecisténého materialu. Tato kontaminace miize pochazet
z prumyslovych zdroji znecisténi predevsim z 2. pol. 20.stoleti. Fluvialni jezera také dokladuji zmény
trasy koryta feky a pfispivaji ke zvySeni stability fi¢niho ekosystému. Vyzkum Kozelské tiné byl
zvolen predevsim kviili poloze tohoto jezera, které se nachazi v blizkosti aredlu Spolana Neratovice,
a.s., kterd v minulosti predstavovala nejvétsi zdroj labského znecisténi.

Tento vyzkum zahrnoval batymetrické méfeni a mési¢ni analyzy chemickych a fyzikalnich
parametrd vody v obdobi od prosince 2016 do listopadu 2017. Okrajovou ¢ast prace predstavovala
také mikroskopicka analyza zooplanktonu.

Dalsi ¢ast vyzkumu zahrnovala stanoveni koncentrace kovil a arsenu v sedimentech ve frakci
20 pm. K vyluhu sedimenti byl kromé rozkladu lucavkou kralovskou pouzit i celkovy rozklad.

Hodnoceni kvality povrchové vody v jezerech prokazalo zvy$ené koncentrace N-NO;. Obsah
N-NH, ve vodé byl v Kozelské tiini i v jezete Vrt nejvyssi ze vSech porovnavanych fluvidlnich jezer
Polabi. Z mikroskopické analyzy planktonu vyplynulo, Ze v jezerech se nachazi ptevazné druhy, které
se bézné vyskytuji v eutrofnich vodach.

Z hlediska kontaminace sedimentd byly nejvys$si koncentrace stanovovanych prvka zjistény
piedevsim v Kozelské tini, coz potvrdilo hypotézu o §ifeni primyslové kontaminace z blizkych zdroju
zneCisténi (Spolana, a.s. v Neratovicich) pii povodni pravdépodobné i proti proudu feky, jak bylo
zaznamenano napft. za povodné v roce 2002.

Naopak sedimenty jezera Vrt' byly kontaminovany méné. Z hlediska kontaminace sedimentii
byla nejvyssi mira zneCisténi zaznamendna v pripadé stiibra a kadmia. Jak vyzkum prokazal,
kontaminované sedimenty fluvialnich jezer ptredstavuji v fadé lokalit v Polabi staré antropogenni
zatéze, které mohou byt béhem povodni remobilizovany a kontaminovany material tak muze
predstavovat sekundarni zdroj znecisténi.
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Anotace

This research is focused on asseessing the water and sediment quality in oxbow lakes Vrt’ and
Lake Kozelska in the middle course of the Elbe River. This work includes water sampling to
analyse chemical and physical parameters of water, alanalyses of zooplankton in water and also
sediment sampling to determine concentration of heavy metals and As in the sediments.

Tento vyzkum je zaméfeny na zhodnoceni kvality vody a sedimentt ve fluvialnich jezerech Vrt
a Kozelska tin ve stfednim toku feky Labe. Prace zahrnovala odbér vody k nasledné analyze
chemickych a fyzikalnich parametrti vody a urceni druhti zooplanktonu. Dale byl proveden
odbér sedimentu a determinace koncentraci tézkych kovii a As v sedimentech.



1 Introduction

It is widely accepted that oxbow lakes are extremely significant ecosystems. Besides being the home
of a variety of protected species, they increase retention potential and thus play a very important role
in flood protection. Oxbow lakes also represent an area in the catchment where a lot of drifted material
settles. Therefore, they are also a source of information about historical pollution, which has increased
significantly in the Elbe River catchment over the second half of the 20" century.

Its water quality worsened significantly during the second half of the 20™ century due to an
overuse of fertilizers and a lack of industrial waste water treatment. However, it is still possible to find
several protected areas whose preserved oxbow lakes still possess well-functioning ecosystems. In
recent years, water and sediment quality of oxbow lakes in the Czech Republic was studies e.g. by
Jansky (2005), Chalupova (2007), and Havlikova (2011), who was focused on the development of
water quality in Vrt' - an oxbow lake that is a part of this study. However, these research works
covered only some areas of the Elbe River floodplain. Many oxbow lakes have not been surveyed yet,
for instance, Lake Kozelska situated in close proximity to the chemical factory Spolana in Neratovice,
which used to be the biggest source of pollution of the Elbe River. In this paper | have focused on
water quality and assessing anthropogenic pollution in the sediments. The research included
bathymetric measurements, monthly analysis of chemical and physical parameters of water and
analysis of zooplankton. Determination of metal and arsenic concentrations in sediments were carried
out too. The results of the research were compared to previous studies of other oxbow lakes in the
region to describe the anthropogenic pollution spread in the Elbe River floodplain.

1.1 Lake Kozelska

Lake Kozelska is located on the right bank of the river between 851,9 and 851,1 km close to
Mlékojedy, which is situated in Neratovice district. The lake is connected with the river by small
canals. The depths of this lake are shown in Figure 1.
During communist regime, adding of permanganate and liming on ice cover of the lake was
applied. At this time, the subaquatic sediments were dredged, so the bottom of the lake was cleaned.
Canal connecting the lake with the river is surrounded by agriculture fields.
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Figure 1: Bathymetric map of Lake Kozelskd (left) and sampling in January (right)
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1.2 Vrt

Lake Vrt is located on the left bank of the river between 881,7 and 881,2 river km in Semice, which is
situated in Nymburk district. The lake is connected with the river at 881,2 km. Figure 2 shows
bathymetric map with depths of Vrt’ and view of this lake in August.

Lake Vrt’ borders with natural protected area Vrt. Lake is surrounded by pine trees and
agriculture fields. During communist regime, liming on ice cover was applied in the lake (Havlikova,
2011).
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Figure 2: Batyhmetric map of Vrt (left) and lake in August (right)

2 Materials and Methods

2.1 Water quality
Surface water samples in both lakes were collected on 8" December 2016, 26™ January, 9" March,
20'h April, 25™ May, 10" July, 24™ August, 9" October, and 13" November 2017.

The samples were collected from the same sampling site approximately 1 m from the lake
banks about 10 cm below water surface. PET bottles and glass samplers for BOD determination were
used. During the winter, the surface of both lakes had an ice cover, for that reason, an 1m? holes were
cut to make the sampling possible.

Measurements in Lake Kozelskd were made at two different sites to get representative values.
The result was calculated as a mean value from both sites. The sampling sites of Lake Vrt and Lake
Kozelska are shown in Figure 3.

MLEKOJEDY

Figure 3:Sampling sites of water in Lake Kozelskd (left) and Vrt (right)
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Water temperature, dissolved oxygen, pH and conductivity were measured in the field by the
multiparametric probe HQ40D Hach-Lange.

Other determined parameters as chemical oxygen demand (CODy,), biochemical oxygen
demand (BODs), ammoniacal nitrogen (N-NH,), nitrite nitrogen (N-NQO,), nitrate nitrogen (N-NQO,),
orthophosphate phosphorus (P-POy), chlorides (CI'), alkalinity, calcium (Ca), iron (Fe), manganese
(Mn) and water hardness were tested in the laboratory of The Institute for Environmental Studies at
Charles University.

2.2  Zooplankton

Zooplankton samples were collected from both lakes on 24™ August and on 9" October 2017.
A plankton net of 40 um mesh size was used for sampling. Samples were taken in the distance of 2 m
from the lake bank by horizontal movements, then fixed with 80% ethanol, and kept in 100 mL
bottles.

Measurements in Lake Kozelska were made on two different sites to get representative values.
The result of species abundance value was calculated as a mean of both measurements. The sampling
sites of Lake Vrt and Lake Kozelska are the same as sampling sites of water to chemical analysis.

Samples were observed using the microscope Olympus CX41 with 200x magnification
according to the laboratory methods by doc. RNDr. Jana Rihova Ambrozova, Ph.D. (Department of
Water Technology and Environmental Engineering UCT Prague) and CSN 75 7712.

In the case of zooplankton, number of species was determined. Because of using this semi-
guantitative method, the relative abundance of species was calculated. Resulting abundance represents
a content of plankton species only in the collected samples, not in the lake.

2.3 Sediments

Sampling of sediments of both oxbow lakes was realized on 5" September 2017. Sediment cores were
obtained with a “Beeker Sampler” Eijkelkamp from a boat (Figure 4). Sites evaluated as convenient
for sampling are in relatively same places as sampling sites of water to chemical analysis.

The lake sediment cores were sliced into subsamples of 10 cm thickness in order to analyze
each layer separately.

Figure 4: Sediment core (left) and sampling of sediment (right)

Due to relatively low background concentrations of heavy metals and As in the middle course
of the Elbe River, their increased content in the sediments of researched oxbow lakes indicates



anthropogenic contamination. For that reasons, the concentrations of Ag, Al, As, Cd, Cr, Cu, Fe, Hg,
Ni, Pb, Zn, Ti were determined in the lake sediment profiles.

For comparability of results, it was necessary to use the same sediment grain fraction that had
been used in previous research works. The use of 20pum was based on conclusions of the study by
Prange et al. (1997), and other researchers (Chalupova, 2011).

Heavy metal and arsenic contents in sediment samples were obtained with the use of the aqua
regia leaching method referred as "pseudo total digestion" and total digestion as well.

The difference between these two methods is that the concentrations of heavy metals and
arsenic obtained by pseudo-total digestion do not include the amount of analyzed element that is
contained in silicate fraction in the sediment. Therefore, the resulting metal concentration represents
approximately the amount, which may be bioavailable. On the other hand, total digestion with very
strong acids represents not only anthropogenic enrichment, but also total natural content of an element
in the sediment.

The sediment analysis of the samples from Lake Vrt included only aqua regia leaching, in
case of Lake Kozelska, both methods were applied. The concentrations of investigated elements were
determined by the inductively coupled plasma optical emission spectrometry (ICP — OES). The
concentration of mercury was determined using the Atomic Absorption Spectrometer AMA-254.

3 Results

3.1 Water quality

To get a broader context, the researched lakes were compared not only to each other, but also to
previous studies available. As in most cases, the development of water quality parameters during the
year was not evaluated, average values were used for the comparison (Table 1). Due to a different year
and frequency of sampling, the comparison is only indicative.

Most of the pH values in Vrt’ and Lake Kozelska represented neutral or slightly alkaline
milieu. Slight increase of pH values was measured at the end of winter and at the beginning of spring,
which was driven by the increase of phytoplankton activity, when CO, was exhausted from water. In
summer, pH in Vrt reached higher values than in Lake Kozelska, which was accompanied by
significantly higher concentrations of dissolved oxygen in Vrt’ during these months.

In Lake Kozelska and especially in Lake Vrt, high values of conductivity were observed
during winter, especially in January, which corresponded to higher concentrations of Ca, Cl, and N-
NO3. The increase of conductivity during winter months might be caused by wash out from arable
land, usage of road salts or liming of lakes (Chalupova, 2011). Higher concentrations of chlorides and
phosphates could also indicate wastewater pollution (Pitter, 2015).

Concerning other oxbow lakes, Lake Kozelska showed similar values of conductivity as Lakes
Obfistvi and Némcice (Chalupova, 2011). The highest values of conductivity measured in March
corresponded to the periods of increased concentrations of inorganic nitrogen, chlorides, calcium and
CODMN. Higher average values of this parameter were found in Lake Obfistvi also during the
research carried out in 2000 and 2001 (Snajdr. 2002).

In comparison to Vrt,, Lake Kozelska showed higher concentrations of dissolved oxygen
during summer months (Figure 5), which could be a result of dense phytoplankton population that was
found in the lake. In general, lower concentrations of oxygen during warm season, which was
significant especially in Lake Vrt, corresponded to higher temperatures, when the solubility of oxygen
in water is lower, and to the intensification of decomposition processes when oxygen is consumed.

The decrease of oxygen concentrations could also correspond to the “clear water" period after
the fall of phytoplankton, which was accompanied by high concentrations of phosphorus in water
(Lellak, Kubiéek, 1991).
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Figure 5:Concentration of O2 in Lake Kozelska (left) nad Vrt (right)

In Vrt’ and Lake Kozelska, N-NO; indicating non-point sources of pollution reached the
highest concentrations from all nitrogen forms especially at the end of winter and at the beginning of
spring, which might be caused by wash out of fertilizers during winter precipitation and snow melting
before consumption in vegetation period.

Similarly, the highest concentrations of nitrogen were determined at the end of winter and at
the beginning of spring. A similar development of N-NO; concentrations during a year as in Lake
Kozelska and Vrt was also found in Némcice. The other compared oxbow lakes showed a different
trend.

Concerning N-NH,, Lake Kozelska and Vrt’ showed extremely high concentrations of this
nitrogen form in comparison to other oxbow lakes.

In both lakes, P-PO, (Figure 6) was depleted due to large productivity of phytoplankton in
March, April and August. The highest concentrations of P-PO, were measured in May probably during
“clear water” period after the fall of planktonic organisms (Kofinek a kol, 1987), when low
concentrations of dissolved oxygen caused bottom anoxia allowing phosphorus releases from
sediments e.g. after reduction of Fe in molecules of FePO,. Higher water temperatures also intensify
biochemical and decomposition processes, which could also cause phosphorus releases into water
(Wetzel, 1983).

The increase of P-PO, concentrations was measured also in winter at the end of vegetation
period. As both lakes were surrounded by agriculture areas, the enhanced values of phosphates could
also be a result of fertilizers use in the vicinity of the lakes or other anthropogenic contamination.

In both lakes, the highest concentrations of chlorides (Figure 6) were reached in January,
which could be related to salt wash out from roads during snow melting, or it could indicate fecal
pollution coming probably from nearby villages or chemical industry, as chlorides are relatively
conservative to biochemical processes in aquatic environment (Wetzel, 1983). The amount of
chlorides decreased during spring and it started to raise again from July.
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Figure 6: Concentration of Cl and P-POy i Lake Kozelska and Vrt

Concentrations of calcium usually decrease due to precipitation of CaCOj3; during summer
months as a result of intense photosynthesis of planktonic organisms causing major epilimnetic



decalcification after CO, depletion (Wetzel, 1983). Lake Vrt’ showed greater changes in

concentrations during the year. The maximum content of Ca was determined in Vrt in January, and in
Lake Kozelska in December. During winter, the concentrations of Ca showed a positive relation with

conductivity and the contents of ClI"and N-NOs; in both lakes. Higher concentrations of Ca in Lake Vrt
could also be related to an anthropogenic source of pollution.
Concerning the organic pollution of investigated lakes, the water samples from Vrt showed

higher organic load than it was determined in Lake Kozelska. In Vrt, the proportion of biodegradable
substances was lower, which could be a result of hydrological communication with the Elbe River, or
local sources of pollution around Lake Kozelska (fecal pollution, fertilizers).
Similar average CODy,, values as in Vrt’ were determined also in Semin (Havlikova, 2011). In
general, Lakes Dolehaj (Chalupova, 2002), Labisté pod Opocinkem (Kloucek, 2002) and Libis (Turek,
2004) were characterized by extremely high concentrations of CODy, and BODs, which could

probably result from a local pollution - agricultural fields with a possible application of organic

fertilizers as in the cases of Dolehdj and Labisté pod Opocinkem, or anthropogenic pollution from

chemical industry as in the case of Libis that is situated nearby Spolana Neratovice chemical plant.

Table 1: Chemical and physical parameters of water in the Elbe River oxbow lakes

3.2 Statistical evaluation of water quality

Obtained data about water quality of investigated oxbow lakes were analyzed with the Principal
component analysis (PCA) using Python 3.6., package sklearn. In the case of Lake Kozelskd, mean of
each parameter from both. Sampling sites was used for analysis in order to evaluate more

representative values. Day and month of sampling with initial letter of analyzed lake were used as
categorial variable (Herben, Miinzbergova, 2003)
At first, values of water quality parameters were standardized due to different units. Resulting

ordination diagram (Figure 7) shows the similarity or difference of each measurement in

multidimensional space (Chalupova, 2011).
The first axis, which describes the most significant gradient of measured parameters at the dates,

explained 35,9 % of variability. The second axis explained 19 % of variability.

Koozelské Vrt Vrt 2004-07 Némcice | LZovice | Podébrady | Vaclavka
Parametr | tdn 2017 2017 2004-07 | 2006-07 2006-07 | 2006-07
0, 11,68 10,13 16,60 8,27 9,86 8,67 9,66
BSK; 5,59 2,77 4,70 4,50 3,70 3,50 5,20
CHSKwn 7,27 9,36 8,20 10,11 5,61 5,40 6,69
N-NO; 2,27 2,24 2,58 2,10 2,10 2,60 0,10
N-NH, 0,36 0,45 0,15 0,18 0,08 0,09 0,05
P-PO, 0,015 0,018 0,021 0,540 0,080 0,040 0,040
vodivost 49,68 52,76 45,00 81,30 46,30 46,50 53,80
— G
0, 11,46 2,30 12,00 11,47 5,48 7,30
BSKs 6,30 5,80 5,20 9,23 17,73 5,80
CHSKwn 7,98 9,30 8,30 25,57 20,12 18,10
N-NO; 3,10 0,50 2,67 2,60 0,87 1,50
N-NH, 0,11 0,08 0,07 1,20 0,59 0,40
P-PO, 0,070 0,003 0,004 0,020 0,410 0,110
vodivost 69,40 44,80 78,10 49,50 39,50 129,00




L1007

Principal Component 2

-4 -2 o 2
Principal Component 1

Figure 7: PCA analysis - correlation of chemical parameters

As the length of the vector representing CODy, in Figure 7 shows, this parameter occurred in
the highest relative concentrations. On the contrary, the amount of N-NH, was represented by the
lowest relative values. The angle between the vectors represents correlation rate among parameters. Fe
with P-PO,4, N-NO, with pH, water hardness with chlorides, and N-NH, with conductivity were most
positively correlated parameters. Scores in the graph represent location and date of the sampling.
Green scores symbolize Lake Kozelska and red points represent Vrt. Numbers show date of a
measurement in a format of day and month (K2004 means sampling in Lake Kozelska on 20™ April).

Sample scores located near the center of graph are represented by approximately mean values
of measured parameters, on the other hand, scores away from the center show extreme values of
certain parameters. This distribution was observed mostly in the case of Lake Vrt. As the proximity of
the sample scores corresponds to similar values of the measured parameters, it can be stated that the
major difference among samples was found in July, on the other hand, quite similar water quality was
found in both lakes e.g. in November, January, March and May.

3.3 Analysis of zooplankton

The number of zooplankton species determined in the samples taken in the investigated lakes was
lower compared to the results of other studies, as the sampling was carried out in pelagic zone, which
due to its lover diversity, and usually also availability of nutrients, does not provide habitat to so many
species (O$mera, 1973). The samples collected from the pelagic zone could also be underestimated
due to sampling during the day when certain species could hide in the littoral (Hrbacek, 2000a).

Lake Kozelska was represented mostly by Arthropoda, which were the most numerous
phylum in August and in October as well (Figure 8). Regarding species distribution in Lake Kozelska,
Polyartha vulgaris, Bosmina longirostris and subphylum Copepoda occurred the most. Daphnia s.p.
was also found in Lake Kozelska (Figure 9). Due to the zooplankton composition, planktivorous fish
were probably less represented, however, zooplankton composition could also depend on the age of
fish (Hrbacek, 2000a).

In Vrt', phylum Rotifera showed the highest relative abundance in August, while Arthropoda
dominated in October. Species as Coleps hirtus, Polyartha vulgaris and subphylum Copepoda were
determined the most.

In general, all compared lakes represented mostly eutrophic aquatic ecosystems with
zooplankton structure depended on the availability of nutrients (phytoplankton biomass), the character
of the water body (shading), as well as the predation pressure of the fish.
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Figure 8: Relative abundance of zooplankton in Lake Kozelska (left) and Vrt (right)
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Figure 9: Acanthocyclops vernalis (left), Daphnia longispina (middle), Bosmina longirostris (right)

3.4 Sediments quality

Sediment cores from both lakes showed a different distribution of heavy metals and As in sediment
layers (Figure 10). In Vrt, the concentrations of almost all investigated elements were lower and
showed only small differences of their content with the depth of the sediment core.

In Lake Kozelska, the opposite situation was found. Concentrations of determined elements
reached mostly higher values and their content changed a lot with the depth of the sediment core.
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Figure 10: Concentration of Al and As in sediments

Although these changes could be influenced by dredging of sediments during communist
regime or extreme flood in the locality, the high concentrations resulted probably from the situation of



the lake about 2 km upstream from Spolana Neratovice, the chemical plant, which represented one of
the biggest sources of pollution of the Elbe River in the past. During extreme flooding, suspended
matter with adsorbed pollution could be transported even upstream, and then settled in Lake Kozelska,
which could probably happen during the flood in 2002.

Regarding different digestion methods, higher concentrations were found after total digestion
than after aqua regia leaching, because even very durable forms (silicates) are decomposed with this
method including natural background. Concerning contamination assessment, Indices of
Geoaccumulation counted with the use of background values determined by Turekian and Wedepohl
(1961) shower higher class of sediment pollution than after using the background values determined in
the Elbe riverbasin by Prange (1997), which took into account the specifics of the natural background
of the region (Table 2 and 3).

Table 2: Classification of sediments according to Igeo

Igeo

GHW - GHW - GHW - T&W-| T&W- | T&W-
Kozelska | Kozelska Vrt Kozelska | Kozelska Vrt

Element
total aqua aquq total aqua aqua
digestion | _regia regia_idigestion regia =2 Table 3: Igeo classification of sediment pollution

Ag 4,01 4,76

Al | -118 | -243 | | -1,04 | -229 | lgeo Value Sediment pollution

As 2,37 2,14 unpolluted

Cd 4,02 3,78 2,39 unpolluted to moderately polluted
Cu moderately polluted

Fe <3 3 moderately to strongly polluted
Ni strongly polluted

Pb strongly to extremely polluted
Ti extremely polluted

Zn

3.4.1 Sediment pollution in the Elbe River floodplain

To get a wider context of the Elbe River sediment oxbow lake pollution, a comparison with previous
studies was done. Mean concentrations of investigated elements in different oxbow lakes are shown in
Table 3. Different color represents the class of Igeo in each sediment core using the background values
determined by Prange et al. (1997).

The contents of determined elements in sediment of the investigated lakes were compared to
the results from sediment research that was carried out in Lakes Némcice, LZovice, Podébrady,
Viéclavka, Obfistvi (Chalupova, 2011), Labisté pod Opocinkem (Kloucek, 2002) and Dolehaj
(Chalupova, 2003). Due to using aqua regia leaching, the concentrations were completely comparable.

Mean concentrations of metals depended on the length of sediment core. For this reason, exact
lengths of collected cores from every lake are shown in Table 4.

Generally, the sediments of most of the selected oxbow lakes of the Elbe River showed high
contamination load with silver and cadmium. In some lakes, higher pollution was also determined in
cases of mercury and lead. The contents of nickel and iron showed the same class of contamination
among all compared oxbow lakes.

The sediments from Lake Kozelska contained higher concentrations of Cd in comparison to
the other lakes. Higher pollution of the sediments of the Elbe River oxbow lakes was recorded mainly
near the significant industrial sources of contamination. The intensity of communication with the river
also influenced the load of metals in sediment.

The concentrations of determined elements in Lake Kozelska might be a result of its location
near to Spolana Neratovice chemical plant. A significant sediment load was also found in Lake Labisté
pod Opocinkem, which is located a few kilometers downstream Synthesia, a. S., In Pardubice —
Semtin (Kloucek, 2002). Higher pollution with silver, cadmium and mercury was also recorded in the
oxbow lake near LZovice, located further downstream of Pardubice, which could be also caused by its
intense hydrological connection with the Elbe River.
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Higher pollution by silver, cadmium, mercury and lead was also recorded in Lake Obfistvi,
which is located several km downstream of Spolana Neratovice (Chalupova, 2011).

The significant influence on the sediment load in the Elbe River oxbow lakes is therefore not
only the distance from the source of contamination, but also the intensity of lakes' hydrological
communication with the river.

Table 4: Mean concentration of elements in mg/kg and Igeo of sediments (colours) (aqua regia leaching, T&W)

Mean concentration [mg/kg]
Core
Location |lengh
[em]
vrt 2017 59
Kozelska
tan2017 | >/
Némcice
2007 67
LZovice A
2007 151
LZovice B
2007 103
Podébrady
2007 204
Vaclavka
2007 67
Obfistvi A
2007 163
Obfistvi B
2007 187
Labisté
2002 50
Dolehaj A
2002 30
Dolehaj B
2002 15
Dolehaj C
2002 30

4 Conclusion

As number of measures has been adopted and resulted in the improvement of water contamination
from point sources of pollution since the 1990s, the contamination from non-point sources is still not
very successfully solved. Thanks to this situation, the investigated lakes showed higher contents of N-
NOs.

Water in Lake Kozelska and Vrt’ contained also the highest concentrations of N-NH, among
the compared oxbow lakes in the middle course of the Elbe River. Lake Kozelska was also
characterized by the highest average oxygen concentrations measured in July, when summer
phytoplankton species developed.

In Lake Vrt, higher conductivity values were determined in spring due to snow melting
causing probably wash out of chlorides or other ions into the lake.

In general, water quality of the investigated lakes corresponded to the character of oxbow
lakes influenced greatly by the river and human activities in the floodplain.

Concerning biota, Arthropoda was the most numerous phylum in Lake Kozelska. Zooplankton
composition corresponded to the abundancy of planktivorous fish (Hrbacek, 2000). In Vrt, phylum
Rotifera showed the highest relative abundance in August, while Arthropoda dominated in October.

Lake Vrt’ was also characterized by small area, which could influence zooplankton species
composition too. One of the decisive factors was also the land use of nearby fields (Havlikova, 2011).

The investigated sediment samples were composed of homogeneous material without



significant color changes. Their dark color indicated reduction conditions and the presence of organic
matter.

In Vrt, the concentrations of almost all investigated elements were lower and showed only
small differences of their content with the depth of the sediment core.

In Lake Kozelska, a different situation was found. The concentrations of determined elements
reached mostly higher values, and their content changed a lot with the depth of the sediment core.

Although these changes could be influenced by dredging of sediments during communist
regime or extreme floods in the locality, the high concentrations resulted probably from the situation
of the lake about 2 km upstream from Spolana Neratovice, the chemical plant, which represented one
of the biggest sources of pollution of the Elbe River in the past. During extreme floods, suspended
matter with adsorbed pollution could be transported even upstream, and then deposit in Lake
Kozelska, which probably happened during the flood in 2002.

Regarding different digestion methods, higher concentrations were found after total digestion
than after aqua regia leaching. Generally, the sediments of most of the selected oxbow lakes of the
Elbe River showed high contamination load with silver and cadmium. In some lakes, higher pollution
was also determined in cases of mercury and lead.

The contaminated sediments of the oxbow lakes coming from the old anthropogenic
contamination of the Elbe River can be remobilized during floods, for that reason, the old loads can
represent a secondary source of pollution. Under certain hydrological conditions or industrial
accidents, pH or redox potential can change. The stable solid forms of toxic metals can be converted to
soluble forms, which can contaminate the aquatic environment. These forms are easier to consume by
living organisms and thus get into the food chain. The issue of contaminated riverbed sediments
should be further studied, not only with regard to metals and arsenic pollution, but also for a number
of other toxic organic and inorganic substances, which may represent a significant risk to the
ecosystem.
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