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IMPACT OF CEDZYNA RESERVOIR ON SELECTED
PHYSICOCHEMICAL PARAMETERS OF RIVER WATER
QUALITY (SWIETOKRZYSKIE MOUNTAINS, POLAND)
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FIZYKOCHEMICZNE JAKO SCI WODY (GORY SWIETOKRZYSKIE, POLSKA)

Abstract: The monitoring of selected physicochemical paramsetand chemical composition of water was
conducted in 2017-2018 in the Lubrzanka river ame €edzyna reservoir (Swietokrzyskie MountainsaRd).
The results indicate that the impact of reservaitlte quality of river water depends on naturakabi@ristics of
the catchment as well as on the present anthropogeassure. Retention of water in the reservoirsed
seasonally diversified changes in analysed parasatecluding an increase in water temperaturentéin of
major ions, nutrients and trace elements. Furtbgearch is needed to assess the risk of contaominattilower
course of the river with metals deposited in resiel bottom sediments.
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Introduction

Dam reservoirs affect river ecosystems alteringitatd) reducing natural flow
variability, changing sediment load, severing ugetn-downstream linkages, impairing
dispersal of living organisms and changing watenpterature and chemical composition
[1, 2]. The impact on particular physicochemicalgmaeters of water depends on the
geology and land use in catchment areas, as wahathe construction of the reservoir
[3-5]. Having relatively large watersheds compatedchatural lakes, dam reservoirs are
affected by inputs of nutrients and sediments [6 Réservoirs in river catchments which
are under strong anthropopressure are vulnerabifdloov of pollutants and disturbance of
self-cleaning processes, therefore the outflowiraggew can contaminate river below the
dam. In the conditions of low human pressure resenhave a positive influence on water
quality, due to retention of pollutants [8, 9]. Bemchemical processes in aquatic
ecosystems, which affect water quality, are deteechiby transport and mixing of water
masses, therefore another factor crucial for tmasdampact on rivers is the residence time
of water in reservoirs [10, 11]. Apart from resdrveapacity, main functions and
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management patterns, residence time depends oh dbostic conditions, regulating
magnitude and timing of river flows [12, 13]. Inrg®quence, reservoir's impact upon river
ecosystem is determined by numerous factors anelagh case it should be evaluated
separately [14]. The aim of the research was tesssthe influence of Cedzyna reservoir on
the quality of water in the Lubrzanka river. A yeaf monitoring of selected
physicochemical parameters resulted in charaateriseasonal changes in the reservoir’'s
impact.

Research area and methods

Artificial reservoir Cedzyna, built in the 1970spounds water from the Lubrzanka
river and its two small tributaries with a surfaedease dam. The catchment of this upland
stream, flowing into the Nida river (Vistula drageaarea) is located in the Swietokrzyskie
Mountains [15]. Catchment area of the Lubrzankarrigbove the reservoir amounts to
114.4 kniand the river’s length from springs to reservobr&ckwater is 17.8 km. Geology
of the area is complex and the main types preserhé catchment are Cambrian and
Devonian sandstones, as well as Pleistocene dspanitluding loess covers [16].
Lubrzanka is a river of nivo-pluvial regime, witlominance of surface alimentation (over
65%). Diversified relief with steep slopes (up @R as well as poorly permeable bed of
drainage area, generate overland and subsurfaee ftloerefore the fluctuations in
discharge throughout the season are significanl. [A¥ the standard water lifting the
volume of Cedzyna reservoir is 1.5 millior’,nsurface area - 64 ha and the mean depth -
2.5 m. Water residence time of about one montfsiflas the reservoir as intermediate - in
the part near the inflow similar in terms of bioghemical processes to a slow-flowing
river, while in the part adjacent to the dam - &mto a lake [18]. The siltation of the
reservoir is not significant and its predicted bfean is calculated at ca. 300-700 years [19].
The reservoir was constructed mainly for recreatibis also used for storing water for
agricultural purposes. It was not designed fordl@ontrol and can not be modified for this
purpose [19].

The monitoring of selected water quality indicatasas conducted once a month from
May 2017 to April 2018. Two sampling points weredted in the river's course - 150 m
above the reservoir's backwater and 70 m belowddra, and three points were located in
the reservoir's littoral zone (Fig. 1). Water temgiare {), pH, specific electrical
conductivity §&EC) and concentration of dissolved oxygddQ)) were measured with the
use of EUTECH PCD650 meter. Water samples wereaell for further analyses in the
Laboratory of Environmental Research in the Depantnof Environmental Protection and
Modelling of the Jan Kochanowski University in Kiel

Concentration of major ions (EaNa', Mg?*, K*, SQ%, CI, NOsy) was determined
with the use of ion chromatograph DIONEX ICS-300@hwthe following analytical
columns: lonPac CS16 3x250 mm (cation) and lonP&18A 2x250 mm (anion).
The content of hydrogencarbonate was analysedtiagidin with 0.1M HCI with methyl
orange as indicator. Concentrations of dissolvedalngSr, Zn, Ni, Cr, Cu, Co) were
measured with the use of time of flight mass sjpeotter ICP/MS-TOF Optimass from
GBC Scientific Equipment.

Statistical analyses included the Shapiro-Wilk t#fshormality, and if the data tested
were not normally distributed - nonparametric Malthitney U test for two independent
samples at the significance levelcoE 0.05, as well as the Pearson correlation caeffic
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and principal component analysis (PCA). The analysere conducted in Statistica 13
programme.
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Fig. 1. Location of water sampling points in thebtzanka river and the Cedzyna reservoir

Results and discussion

Physicochemical parameters

The analysis of physicochemical parameters indéctitat the retention of water in the
Cedzyna reservoir causes changes in the qualitivef water. The values of temperature,
pH and concentration of dissolved oxygen were ograye higher in the river's outflow
from the reservoir than above its backwater, wiiecific electrical conductivity was
reduced below the dam (Table 1).

Water temperature in the reservoir and the Lubraamker was changing throughout
the year along with the changes in air temperailine. highest values were noted in spring
and summer with the maximum of 22.6 °C in the nesi€s littoral zone in June.
The difference between water temperature at ther ivflow and outflow from the basin
was the highest in August (4.3 °C). During summiee taverage increase in water
temperature amounted to 3.2 °C, mainly due toatively low mean depth of the reservoir
and the construction of the dam, releasing heasténdrom the surface layers to the river
below. Such effect is characteristic of small resgs [20, 21], while larger ones with
bottom release dams decrease water temperatureovieer | course of rivers [22].
Concentration of dissolved oxygen was significantiggatively correlated with water
temperature. Higher oxygen content in the rivelotethe reservoir is connected with its
turbulent flow from the dam and an adjacent aitficriffle. The differences in
concentration of oxygen between the river inflowd asutflow were greater during the
growing season, which may result from the procdégshotosynthesis, particularly intense
in surface layers of water [23, 24]. From JanuaryApril the values were similar and
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slightly lower at the river outflow than the infloiduring most of the year water in the
Lubrzanka river above the reservoir had highertatad conductivity than below the dam;

however, in the autumn (September-December) coratant of major ions was generally

higher at the outflow. Seasonal dynamics of condigtin the released water was lower
than that of the water flowing into the reserveihich indicates that dissolved ions were
cumulated in the reservoir. In the periods of ldewf river water of higher mineralisation

mixes with diluted water masses, stored in thervedesince high flow events [25].

Table 1
Values of selected physicochemical parameters t#niieom the Lubrzanka river and Cedzyna reservoir
in 2017-2018
_ Lubrzanka river - |Cedzyna reservoifCedzyna reservoifCedzyna reservoifLubrzanka river -
Q inflow point 2 point 3 point 4 outflow
g Mean Mean Mean Mean Mean
] annual annual annual annual annual
S (min.- e (min.- e (min.- e (min.- e (min.- e
max.) max.) max.) max.) max.)
o 9.1 10.6 11.4 11.9 11.1
T[°C] (0.0-19.6 74 (0.0-23.1 9.2 (0.0-24.0 9.7 (0.6-24.6 9.4 (0.5-21.9 85
7.04 7.33 7.52 7.01 7.31
pH [-] (6.47- 0.5 (6.49- 0.7 (6.50- 0.7 (6.47- 04 (6.50- 0.5
8.24) 8.40) 8.39) 7.75) 8.36)
EC 240.3 212.1 194.5 213.7 218.8
[uS-cn] (164.8-| 39.3 | (164.2-| 25.6 | (103.4-| 41.0 | (181.6-| 25.1 | (188.4-| 154
i 313.5) 248.9) 235.8) 257.0) 242.4)
. 9.3 10.0 10.2 9.1 9.8
DOIMG-dMY| g 3715 41 24 |67.140) 23 |78122) 1° |70423] 15 |@e8121] 21

D - standard deviatiofT, - temperatureSEC - specific electrical conductivitypO - dissolved oxygen

The average value of pH in the Lubrzanka river loutfwas higher than above the
reservoir and the differences were more distingingugrowing season. Such impact is
characteristic of small and medium, shallow resiesvand, as in the case of changes in the
concentration of dissolved oxygen, can be connewii#d the process of photosynthesis
[26, 27]. The results of Mann-Withney tests indic#at the differences in the values of
discussed parameters between the river inflow aitbev are statistically insignificant.

Major ions

The concentrations of major ions in the Lubrzankarrwere lower below the dam
than above the reservoir in warm half-year (Apep&mber), while in cold period
(October-March) the values differed and were gdhyehégher in the river outflow than in
the inflow (Fig. 2). The analysis of average annuoahcentration values shows the
reservoir's capacity to retain major ions and métsa(Table 2).

In natural conditions, undisturbed by human pressconcentration of major ions in
river water increases with the growth of catchmama [1]. In the present research the
majority of analysed ions had slightly lower averagpncentrations at the river outflow
from the reservoir than above the reservoir. Indhse of N@ and N4 the differences
between the values noted in river water above aidwbthe reservoir were statistically
significant (Mann-Whitney U testp-value = 0.04). The highest reduction in the river
outflow, amounting to 40 %, was noted for nitrgtarticularly effectively retained in the
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reservoir during growing season. Similar values seasonal dynamics of nitrate retention
were found in the study of dam reservoir on theriRear [27].
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Fig. 2. Average concentrations of major ions ia thubrzanka river and Cedzyna reservoir (average
from 3 sampling points) in cold (left) and warngfrt) half-year

Table 2
Concentrations of major ions and nitrate in watethe Lubrzanka river and Cedzyna reservoir in 22078
Lo Lubrzanka Cedzyn_a Cedzyn_a Cedzyn_a Lubrzanka
= . ) reservoir reservoir reservoir )
S river - inflow : - - river - outflow
> point 2 point 3 point 4
E 133 ERS ERS ERS ERS
3 £g £g £g Eg Eg
2 S5l g S5l g | S50 8 |25 8 |SE 8
g < & & sE sE
108.5 95.1 91.6 97.5 103.6
HCOs™ (61.0-| 42.7 | (39.0-| 32.8 | (48.8-| 26.4 | (57.3-| 23.7 | (48.8-| 26.7
185.4) 146.4) 141.5) 140.3) 150.1)
46.2 46.5 41.3 45.7 44.6
ok (27.4-| 13.7 | (28.3-| 14.4 | (18.5-| 13.3 | (28.5-| 11.7 | (26.9-| 12.0
75.6) 79.2) 64.6) 66.2) 64.9)
21.9 17.6 16.5 17.9 18.2
Ccrr (13.4-| 57 | (11.8-| 33 (9.5- 39 | (11.7-| 32 | (118-| 238
34.2) 21.6) 21.4) 22.7) 21.6)
55 34 31 3.0 35
NO;~ (3.4- 14 (0.1- 25 (0.2- 24 (0.1- 2.2 (0.1- 2.2
8.6) 7.9) 6.5) 5.9) 6.3)
37.8 33.1 31.2 34.2 35.2
ca" (22.3-| 11.3 | (21.8-| 7.2 | (16.2-| 84 | (234-| 6.4 | (226-| 6.0
61.0) 46.1) 45.2) 46.7) 46.7)
13.9 11.6 10.7 11.8 11.9
Na" (9.8- 2.7 (8.6- 1.7 (5.9- 24 (8.5- 16 (8.6- 14
19.2) 13.8) 13.3) 14.1) 13.5)
5.7 5.1 45 5.2 5.4
Mg?* (3.3- 17 (2.4- 16 (2.5- 12 (2.8- 16 (2.5- 15
8.5) 8.1) 6.7) 8.4) 7.6)
25 24 23 25 24
K* (1.2-| 06 (1.3- 0.6 (1.3- 0.7 (1.5- 0.8 (1.3- 0.7
3.4) 3.3) 3.5) 4.1) 3.8)
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The results from larger reservoirs on mountainrgvare not so explicit and indicate
seasonal changes in reservoirs’ capacity to reidmate [28]. Other ions for which the
annual reduction amounted to 10-20 % were chloainé sodium. Concentrations of Cl
and Nd throughout the season were positively correlaéaximum concentration values
were generally lower at the river outflow, whichyrasult from gradual release of diluted
high flow waters [25] and mixing river water withat from reservoir's smaller tributaries
and overland flow directly to the reservoir.

Trace elements

The content of trace elements was on average laweéhne river outflow from the
reservoir than in the inflow (Table 3). Howeverfipdic increases of chromium, copper
and zinc below reservoir were noted, which may daté a release of metals from the
reservoir's bottom sediments (Fig. 3).

Table 3
Mean annual, minimum and maximum concentratiorselifcted trace elements in the Lubrzanka river and
Cedzyna reservoir in 2017-2018

Parameter
(mean annual Sr Zn Ni cr Ccu Co
min.- max)
[ng - dnTd
Lubrzanka river - 94.4 7.2 4.8 4.2 15 0.4
inflow 61.7-153.9 0.0-38.0 1.4-16.0 0.3-10.2 0.0-6.7 0.0-3.1
Cedzyna reservoir
(average, minimum 81.8 5.9 3.8 3.4 0.9 0.1
and maximum value§ 38.0-143.7 0.0-24.5 0.9-13.8 0.0-16.2 0.0-4.6 0.0-0.9
from points 2-4)
Lubrzanka river - 83.6 4.0 3.0 3.2 0.6 0.1
outflow 51.6-127.7 0.0-9.3 1.6-5.7 0.0-15.4 0.0-1.3 0.0-0.8
a) b) c)
_ 40 _8 20
E E E
a0 T 5
gzo g4 gm
E 10 +—— — Ez E 5
TP T Y 11 O e YN (T O
285333822858 ¢ 225335823888 ¢% 2853338z2388¢
Time [month] Time [month] Time [month]
- Lubrzanka river — inflow Cedzyna reservoir - Lubrzanka river — outflow

Fig. 3. Concentration of selected trace elementshén Lubrzanka river and the Cedzyna reservoir:
a) zinc, b) copper and c) chromium

A significant anthropogenic source of trace elemémthe water of Lubrzanka river is
a periodic release of acid mine drainage watemn fioe “Wisniowka” quarry, located in
the upper reaches of the river [29, 30]. It canlarpthe extreme values noted at the river
inflow to the reservoir. Our results indicate thader of the reservoir in the self-cleaning
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processes. However, several trace elements weréodjpally noted in higher
concentrations below the dam and it may be condesith the release from the sediments
in the conditions of lower pH, decomposition of angc matter or contamination from
reservoir's small tributaries, with higher share wbanised and agricultural areas in
drainage basins [31-33].

Statistical analyses

Statistical analysis with the use of PCA identiffedr principal components PC1-PC4
(Table 4), which accounted for 81 % of variabilitythe set of samples, regardless of the
sampling point. For each component the eigenvalas w 1. PC1 represents natural
conditions of the catchment area, while PC2-PQ#hrapogenic impact.

Table 4
The results of principal component analysis
. Component

Variable PC1 PC2 PC3 PC4
Cr —0.83 —0.13 —0.08 —0.46
SO> -0.17 0.66 0.49 0.21
NO;5 —0.47 0.22 0.59 0.29
Na* —0.83 —0.09 —0.06 —-0.42
Mg?* —0.80 —0.15 0.38 0.04
Ca' —0.87 —0.29 —-0.16 0.01
K* -0.72 0.05 0.50 0.13

Zn 0.20 0.84 0.10 —0.13

Ni —-0.34 0.59 —0.64 —0.04
Cr —0.35 0.07 —0.59 0.62

Cu —0.14 0.81 —0.09 —0.09

Co —0.09 0.80 —0.08 —0.19

Sr —0.85 0.06 —0.35 0.26

% of variance 35 23 15 8

Cumulative % 35 58 73 81

" PC1<-0.8; PC2> 0.8; PC3<-0.6 and PC# 0.6
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Fig. 4. PCA loading plots of selected physicochemiand chemical parameters of water in the
Lubrzanka river

The first component (PC1), representing the infbgeinf geology on the chemical
composition of river water, generated as much a%3% total variance and there were five
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variables with significant loadings<(-0.8) on the component: Cl, Na, Mg, Ca and Sr
(Table 4). The second component (PE€D.8) stands for 23 % of total variance and the
highest loadings were those of Zn, Cu and Co (B)g.PC3 (15 % of variance) was
connected with Ni (—0.64) and for PC4, which expdai 8 % of total variance, the
significant loading (0.62) was noted for chromiuRig( 4). The variables significant for
PC2-PC4 were trace elements, which are found ihdnigoncentrations in surface water
contaminated with industrial and municipal wastectiarges as well as overland flow from
road network [34-36]. All the enumerated metalsevgetected in the upper course of the
river in significantly higher concentrations tham éther streams of the Swietokrzyskie
Mountains [30].

Summary and conclusion

The analysis of selected physicochemical parameteds chemical composition of
water in the Lubrzanka river and the Cedzyna resemevealed seasonally diversified
changes in the analysed parameters caused by wed¢ation in the reservoir. The most
significant were: increase in water temperaturntion of major ions, nutrients and trace
elements. Further research is needed to estimatamgpact of overland flow to the basin
and the inflow of water from two smaller reservsittibutaries. Increasing acidification of
water in the Lubrzanka upper course may pose aitthioeself-cleaning processes in the
reservoir, affecting release of metals depositedbattom sediments. Therefore, the
influence of the reservoir on water quality in thesr should be monitored.
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