-

brought to you by .. CORE

View metadata, citation and similar papers at core.ac.uk

provided by Repository of the Academy's Library

&

Assessment of anthropogenic, seasonal and aquatic vegetation effects
on the contamination level of oxbows

CommuniTy Ecorocy 18(3): 237-243,2017
1585-8553 © Akapimiar Kiapo, BUDAPEST
DOI: 10.1556/168.2017.18.3.2

J. T. Kundrat!, Zs. Balogh!, S. Harangi!, B. T6thmérész!:3 and E. Simon?

1Department of Ecology, University of Debrecen, Debrecen, Egyetem sq. 1, H-4032 Hungary
2MTA-DE Biodiversity and Ecosystem Services Research Group, Debrecen, Egyetem sq. 1, H-4032 Hungary
3Corresponding author. E-mail: tothmerb@gmail.com

Keywords: Heavy metals, Monitoring, Surface water, Water chemistry.

Abstract: The contamination level of oxbows depends on both natural and anthropogenic effects. The aim of our study was to
identify those abiotic and biotic factors that determine the contamination level of oxbows. The effect of anthropogenic activities,
seasonality, and vegetation types was studied on the contamination level of surface water of oxbows. The following chemical
variables were measured: suspended solid, ammonium, nitrate, chlorophyll-a, Al, Ba, Fe, Mn, Pb, Sr and Zn from eight oxbows
from 2013 summer to 2014 autumn in the Upper Tisza region in Eastern Hungary. Three of the studied oxbows were protected,
four oxbows were used for fishing and one oxbow was contaminated with wastewater. Our findings revealed that anthropogenic
activities had remarkable effect on the contamination level of oxbows. Seasonality also influenced the contamination level, ex-
cept the concentration of suspended solid, chlorophyll-a and manganese. Significant differences were found among vegetation
types for the concentration of suspended solids, aluminium, iron, manganese and lead. The high level of iron concentration was
not explained by the anthropogenic activities, suggesting that the quality of oxbows depends on both natural and anthropogenic

effects.

Abbreviations: EPA — European Protection Agency; MP-AES —Microwave Plasma-Atomic Emission Spectrometer.

Nomenclature: The Plant List (2013).

Introduction

Water pollution is a global problem and clean water is
a crucial resource for drinking, industry, fishing and agri-
cultural activities (Schwarzenbach et al. 2010). Increasing
water pollution causes not only higher contamination level
of water but also contributes to the loss of habitats and
reduces biodiversity (Lepom et al. 2009, Viaroli et al.
2016). Tisza river and the oxbows in the Tisza region are
partly exposed to pollution (Balogh et al. 2017, Simon et
al. 2017). In the Tisza region, the main anthropogenic ac-
tivities are traditional land use, farming intensification, ir-
rigation and pesticide treatment (Balogh et al. 2016, Varga
et al. 2013). The main landscape form include intensively
cultivated croplands, oxbows and meadows in the flood-
plain of Tisza river (Snedzimir et al. 2010, Werners et al.
2009). Oxbows are connected to the Tisza river during
floods only, when large amounts of suspended particles
and associated metals are transported by the river (Nguyen
et al. 2009, Szabd et al. 2005). Thus, the flooding events
may determine a cascade of effects on the contamination
level of water and sediment (Walters and Babbar-Sebens
2016, Watson et al. 2016).

The contamination level of oxbows within a region is
governed by both natural and anthropogenic effects (Pejman
et al. 2009). Among the natural effects, seasonality must
also be considered in the assessment of contamination level

(Garizi et al. 2011, Ouyang et al. 2006, Varol and Sen 2009).
Pollutants can enter the aquatic ecosystem by many trans-
port pathways, which are seasonal-dependent (Ouyang et
al. 2006). Thus, seasonality has important impacts on the
contamination level of oxbows (Delpha et al. 2009, Shrestha
and Kazama 2007).

Aquatic macrophytes have also important influences
on the physical and chemical variables of water (Lukacs
et al. 2009, 2011). Aquatic plants are used for the assess-
ment of contamination level of oxbows; they can remove
trace metals by selective absorption and surface adsorption
and incorporate them into their system or store them in a
bound form (Boz and Gumiero 2016, Hernandez-Crespo et
al. 2016, Pappalardo et al. 2016). In the case of emergent
and floating leaved plants, the main route of pollutant up-
take was through the roots, while in the roots of submerged
plants as well as their leaves take part in removing pollut-
ants and nutrients (Dhote and Dixit 2009). At the same time,
emergent macrophytes have more supportive tissues than
floating leaved plants. Thus, emergent plants have greater
potential for the storage of nutrients and pollutants than
floating leaved plants (Juwarker et al. 1995). The aim of this
study was to determine how the abiotic and biotic factors
influence the contamination level of oxbows. The results
of our study may provide useful information for the nature
management and conservation of oxbows.
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Table 1. Characteristics of the studied oxbows.
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Name Utilization GPS coordinates D?S:Hh’ ?i;:g ixsb]g;vs oxl/jcf fvz (()rfnz)
Boroszlo-kert protected 48°05’10”N, 22°24°41”E 191+ 113 88 056
Foltos-kert protected 48°06°01”N, 22°23°02”E 119+73 24702
Tiszadob protected 48°00°47"N , 21°11’15”E 107 =99 342 386
Gyiire fishing 48°11°03”N , 22°15°58”E 197 +£257 74 042
Vargaszeg fishing 48°06'15"N, 22°33'S7"E 131+ 111 34 895
Tuzsér fishing 48°19°24”N, 22°05°58”E 103 £ 54 19 701
Szabolcs fishing 48°10°20”N, 21°30’18”E 57 +36 37 182
Timar sewage contaminated 48°08’36”N, 21°27°03”E 129 + 62 14 154

Materials and methods

Study area and sample collection

The studied eight oxbows are located in the floodplain
area of the Tisza river near the Hungarian-Ukrainian border.
Three of them are protected (Boroszlo-kert oxbow, Foltos-
kert oxbow and Tiszadob oxbow). Four lakes (Gyiire oxbow,
Vargaszeg oxbow, Tuzsér oxbow and Szabolcs oxbow) are
used for fishing (Table 1). One of them (Timar oxbow) is reg-
ularly contaminated with domestic sewage in a diffuse way
(Balogh et al. 2016, 2017).

Surface water samples were collected from these oxbows
during 2 years and three seasons (ISO 5667-4:1987). Surface
water samples were taken from seven locations from Foltos-
kert, Vargaszeg, Gylire, Timar, Tuzsér and Szabolcs. Eleven
samples were collected from Boroszlo-kert and fifteen water
samples were collected from Tiszadob from various vegeta-
tion plots. Three aquatic plant groups were used to study the
effect of vegetation on chemical variables of water in the
studied oxbows. The first group included floating leaved
aquatic plants with Trapa natans, Nymphaea alba, Nuphar
lutea and Polygonum amphibium as the most frequent spe-
cies. The second group consisted of submerged aquatic plants
of which Myriophillum verticillatum, Potamogeton lucens,
Ceratophyllum demersum and Utricularia vulgaris were
typical. The third group was of the emergent aquatic plants
characterized by Phragmites australis, Typha angustifolia
and Typha latifolia. The control group was open water with-
out vegetation (Balogh et al. 2016).

Analysis of chemical variables of water

The pH was measured with WTW pH 315i portable field
instrumentation, conductivity and temperature were meas-
ured with WTW Cond. 340i portable field instrument. For
the laboratory process, the samples were stored at 4°C. In
laboratory studies, from the original sample suspended solid,
chlorophyll-a and ammonia-ion concentration were analysed
as described by Németh (1998). We used filtered samples of
nitrite, nitrate, ortho-phosphate concentration determination

which is filtered through filter paper 0.45 um pore size. For
trace element analysis, samples were filtered with 0.45 pm
pore size filter paper, and then conserved in concentrated ni-
tric acid (50 ml sample of 0.5 ml conc. HNO;). The trace
element concentrations were measured with Microwave
Plasma-Atomic Emission Spectrometer (MP-AES) (Agilent
MP-AES 4100). Certified reference material was included in
each batch of samples during the measurement. The analyti-
cal error was less than 10% of the certified values for metals.
For the assessment of quality the MSZ 12749 (1993) standard
classification was used.

Statistical analysis

The IBM SPSS Statistics 20.0 package was used for
statistical analysis. The chemical variables of surface wa-
ter in the oxbows, seasons and vegetation types were ana-
lysed by canonical discriminant analysis (CDA) (Shrestha
and Kazama 2007). Homogeneity of variance was tested by
Levene test (Gastwirth et al. 2009). The differences among
oxbows, seasons and vegetation on chemical variables of sur-
face water were tested by three-way ANOVA (LeSceSen et al.
2015). The factors were the oxbows, the seasons and the veg-
etation types. In the case of significant differences, Tukey’s
Multiple Comparison test was used. At the same time, when
the variances were heterogeneous, the Kruskal-Wallis non
parametric test was used (Landau and Everitt 2004).

Results

Effects of anthropogenic activities on the contamination
level of oxbows

Based on the studied variables, the protected, fishing and
wastewater polluted oxbows were separated from each other
by canonical discriminant analysis (Fig. 1). The canonical
discriminant functions were significant (P < 0.001). There
was an overlap in each case. The first discriminant function
showed positive correlation with the concentration of stron-
tium (r = 0.414), zinc (r = 0.256), lead (r = 0.206), barium
(r = 0.200). Significant positive correlation was found be-
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CDA 2

Figure 1. Separation of water
samples according to anthropo-
genic activities based on the stud-
ied variables (mgL-!) by canonical
discriminant analysis. Notations:
O - protected oxbows, O- fishing
oxbows, A - wastewater polluted
oxbow.

CDA 2

Figure 2. Seasonal separation
of water samples based on the
studied variables (mgL-1) by ca-
nonical analysis.
Notations: O- summer, Q- au-
tumn, A- spring.

discriminant

CDA 1

tween the second discriminant function and the concentration
of aluminium (» = 0.692), suspended solid (» = 0.588), iron
(r=10.369), chlorophyll-a (» = 0.320), ammonium (» = 0.175)
and manganese (» = 0.159). At the same time, significant neg-
ative correlation was found between the second discriminant
function and the concentration of nitrate (» =—0.102).

Using ANOVA, all variables were significantly differ-
ent among the protected, fishing and wastewater polluted
oxbows, except for temperature, pH and concentration of
nitrate (P > 0.05). Higher conductivity results were found
in the wastewater polluted oxbow than in the protected and
fishing lakes (P < 0.01). In the cases of suspended solid and
iron, significantly higher concentration was found in the
protected oxbows, than in the fishing and wastewater pol-

luted lakes (P < 0.05). At the same time, the concentration
of these variables was significantly higher in the fishing ox-
bow, than in the wastewater polluted ones. There were no
significant differences in the concentration of ammonium
and chlorophyll-a between protected and wastewater pol-
luted oxbows, but in the fishing oxbows the concentration of
these variables was significantly lower than in the other ox-
bows (P < 0.05). The lead and strontium concentration was
significantly higher in the protected and fishing oxbows than
in the wastewater polluted oxbows. The aluminium con-
centration was the highest in the fishing oxbows, while the
barium concentration was the highest in the fishing and pro-
tected oxbows. However, significant difference was found
between fishing and wastewater polluted oxbow (P < 0.05).
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The highest Mn concentration was found in the protected ox-
bows, which differed significantly from wastewater polluted
oxbows. Significantly higher Zn concentration was found in
the fishing and wastewater polluted than in the protected ox-
bows (P < 0.05) (Table 2).

Effects of seasonality on the contamination level of oxbows

Similarly to the anthropogenic activities, separation was
found among seasons based on the variables of water (Fig.
2). The canonical discriminant functions were also signifi-
cant (P <0.001). High overlap was found among the seasons
based on the studied variables in water. Significant negative
correlation was found between the first discriminant func-
tion and the concentration of lead (» = —0.276), aluminium
(r=-0.238) and chlorophyll-a (» = —0.048). For ammonium,
there was a positive correlation with the first discriminant
function (» = 0.674). The second discriminant function corre-
lated positively with the concentration of barium (r = 0.624),
nitrate (r = 0.384), strontium (» = 0.377), zinc (» = 0.316) and
manganese (» = 0.101). Negative correlation was found be-
tween second discriminant function and the concentration of
suspended solid materials (#=-0.193) and iron (» =—0.181).

Significant differences were found among seasons based
on the studied variables of water, except the pH , the conduc-
tivity and the concentration of suspended solid, chlorophyll-a
and manganese (P > 0.05). The concentration of ammoni-
um was significantly higher in autumn than in summer and
spring. In spite of this, the nitrate concentration was similar
in autumn and spring, which was significantly higher than in
summer (P < 0.05). At the same time, the temperature and the
concentration of aluminium, lead and zinc was the highest in
summer and spring (P <0.05). Among the other variables, the
concentration of iron and strontium was significantly lower
in autumn than in summer, whereas no significant difference
was found for iron between summer and spring (Table 2).

Effects of vegetation types on the contamination level of
oxbows

In spite of anthropogenic activities and seasonality, we
found no separation among the vegetation types based on the
variables of water. Significant difference was found only in
the first discriminant function (P < 0.05). The concentration
of suspended solid (» = 0.458), aluminium (» = 0.457), stron-
tium (» = 0.381) and lead (» = 0.318) correlated positively
with the first discriminant function.

Using the Kruskal-Wallis test, significant differences
were found among vegetation types in the case of the concen-
tration of suspended solids, aluminium, iron, manganese and
lead (P < 0.05). Significantly higher suspended solid and iron
concentration was found in the water samples collected from
the emergent vegetation, than in the floating leaves vegetation
and open water. In the case of aluminium highest concentra-
tion was found near the emergent vegetation, which was sig-
nificantly different from the other vegetation types. The man-
ganese concentration was higher in the submerged vegetation
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than the floating leaves. In case of lead, significantly higher
concentration was found in the emergent vegetation than in
the open water (Table 2).

Discussion

Our results suggest that the contamination level of ox-
bows depends on both abiotic and biotic factors. The results
indicated that ammonium, nitrate, aluminium, barium, iron,
manganese, lead, strontium and zinc were stongly fluctuat-
ing during the seasons. In spite of earlier findings (Vitt et al.
1995), our results demonstrated that ammonium was not in-
dependent of seasons, because its concentration was higher
in the warmer seasons than in autumn. Similarly to the find-
ings of Vitt et al. (1995), our results show that the aluminium,
iron, zinc and nitrate concentration fluctuated seasonally. The
concentration of these variables was higher in the warmer
seasons than in autumn.

Many studies demonstrated that aquatic macrophytes
could be related unambiguously to water chemistry (Rai et al.
1995, Samecka-Cymerman and Kempers 2001). At the same
time, only a few studies demonstrated that the ionic con-
centrations in water could be related to macrophyte species
(Lee and McNaughton 2004; Maine et al. 1999). Our study
illustrated that the vegetation types influence the following
variables: suspended solid, aluminium, iron, manganese and
lead. The highest suspended solid concentration was found
in the emergent vegetation type, which may exclude rooted
macrophytes from reaches (Wood and Armitage 1997).
However, Zambrano et al. (2001) reported that the suspended
solid was showed to closely related fish biomass. At the same
time, emergent macrophytes have more supportive tissues
than floating leaves, so they have greater potential for stor-
ing nutrients and pollutants (Juwarker et al. 1995). In spite
of our results, Maine et al. (1999) found no differences in
the concentration of elements in the water of emergent and
submerged plants as compared to open sites.

In summary, based on the EPA standards (EPA 1986) our
results were higher than the threshold in the case of alumin-
ium (> 0.75mg L-!) and zinc ( > 0.1 pg L-!) which indicated
the high contamination level of oxbows based on the concen-
tration of these elements. Our results revealed that the anthro-
pogenic activities and seasonality had remarkable effect on
the contamination level of oxbows, except for the concentra-
tion of suspended solid, chlorophyll-a and manganese in the
case of seasonality. Significant differences were found among
vegetation types in the case of the concentration of suspended
solids, aluminium, iron, manganese and lead. Similarly to
earlier studies our results also demonstrated that if the studied
oxbows are relatively undisturbed from wind; the individual
chemical differences can associate with macrophyte species
(Lee and McNaughton 2004, Maine et al. 1999). Thus, the
contamination level of oxbows depends on abiotic and biotic
factors, respectively. Since the high level of iron concentra-
tion was not explained by the anthropogenic activities, our
results indicated that similarly to other studies (Ouyang et al.
2006, Pejman et al. 2009) the contamination level of oxbows
depends on both natural and anthropogenic effects.
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