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Abstract: The article presents the results of studies coiogrthe delta forms that arise as a result of the
sedimentation of the debris fed to water bodiesvatercourses. The study covered several dozencgahenic
water bodies in the Upper Silesia region, whichwiell known for its high degree of urbanisation and
industrialisation. Basic research work included pmametric measurements of deltas, analyses of dobamical
and chemical composition of delta sediments andyses of the chemical composition of the commordree
growing on the deltas. The research has demordtthte the deltas exhibit certain characteristigcal of
anthropogenic forms that result from the pollutafoisnd in watercourses. In delta sediments, grainsand
usually dominate, but in many cases the shareeoktB.02 mm fraction is as high as ca. 30%. Sedsneften
contain fine coal and other organic pollutants,chhis reflected by high weight loss on ignition.eT¢ontent of
trace elements in delta sediments is usually mamgst higher than the geochemical background fotypls of
sedimentary rocks. Deltas are an environment whellatants accumulate and some of them are asséadilay
plants. The content of macro elements in commoa tissues from different deltas does not vary widéiile the
content of trace elements often results from theirtent in the sediments. The material that foreitad can be
extracted and in some cases even used as fuel.

Keywords: fluvial geomorphology, sedimentation, deltas, amplogenic water bodies, Upper Silesia

The morphodynamic nature of the confluence zoneentieer water enters the basin of
a lake, whether natural or man-made, leads to é¢keldpment of a delta, or a sedimentation
fan if its size is smaller. As the river depositstof the material it carries from the catchment
area upstream, its water undergoes its initial igti®le and quantitative transformation in
a limnic water body [1-4]. For this reason reseanth the development of the delta will not
only help understand the processes of lake siftatioit will also provide insights into the
environmental risks involved in the inflow of all@onic material [2, 3, 5]. This type of
research is far from popular and the topic of #ilndedimentation in lakes tends to be

1 Faculty of Earth Sciences, University of Silesial. Bedzinska 60, 41-200 Sosnowiec, Poland,
phone +48 32 368 93 60

2 |Institute of Environmental Protection and Engiimegr University of Bielsko-Biala, ul. Willowa 2,
43-309 Bielsko-Biata, Poland, phone +48 33 827 Blenail: ajagus@ath.bielsko.pl

"Corresponding author: mrz@wnoz.us.edu.pl



10¢€ Martyna A. Rztata, Andrzej Jagy Robert Machowski and Mariusz &ata

considered in the wider context of limnic bottondisgentation [6-9]. While the bulk of delta
research is devoted to sea and ocean deltas, imgltiee Nile [10], Huang He and Yangtze
[11, 12], Mississippi [13] and Danube [14], mangearchers have noticed a need for the
guantitative and qualitative investigation of deltm freshwater bodies, including their
potential uses for social and economic purposef15An example of an inland delta that
has been subject to detailed sedimentological reflsea the River Selenga delta in Lake
Baikal [22]. The disproportion in the amount ofe@asch available between freshwater and
maritime deltas is likely to be caused by the inparably smaller size of freshwater deltas,
which reduces their environmental significanceust the local scale. Polish delta research has
focused largely on deltas in manmade reservoimhdmnintainous areas and for this reason
exposed to intensive silting [23].

POLAND

Fig. 1. The Upper Silesia region and reservoirsdielt 1 - Goczalkowice, 2 - Dzieckowice,
3 - Dzierzno-Duze, 4 - Kozlowa Gora, 5 - Kuznica rd&ynska, 6 - Rybnicki Reservoir,
7 - Przeczyce, 8 - Porabka, 9 - Laka, 10 - Plawitewll - Pogoria lll, 12 - Pogoria |,
13 - Dzierzno Male, 14 - Pond at the confluenc¢hef Mitrega, 15 - Zabie Doly, 16 - Pond at
Zory, 17 - Wielikat Pond, 18 - Ostroznica, 19 - Rmgik |, 20 - Pogoria I,
21 - Sosnowiec-Klimontow (bowl N), 22 - Sosnowietirkontow (bowl E), 23 - Milicyjny
Reservoir, 24 - Reservoir on the Lesny Stream, R&nd in the Wapienica valley, 26 - Lezczok,
27 - Reservoir in the Mszanka valley, 28 - Paprgcan
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The authors of this paper undertook delta resegrdreshwater bodies in the Upper
Silesia region of southern Poland (Fig. 1). Locatkde to Poland’s border with the Czech
Republic and Slovakia the region has a varied logidapland configuration and is regarded as
one of the most urbanised and industrialised ilmftblUpper Silesia owed its development to
accessible natural deposits, including coal, zimt l#ad ores, dolomite and other minerals.
The centre of the region is dominated by miningelst machinery manufacturing and
processing industries with accompanying servicdslevagriculture occupies the peripheries
of the region. Economic development has changedotted water relations and a growing
water demand for industrial and municipal purpdsgs seen the establishment of thousands
artificial water reservoirs for flood retention apdtable and industrial water abstraction [24].
These water bodies vary in origin (including danaireed reservoirs, flooded quarry pits,
subsidence basins, ponds surrounded by dykes, esetdition ponds and pools) and are subject
to various anthropogenic influences. Small resesvaif the order of several hectares
dominate, but the few larger lakes are charactétisea discernible environmental influence.
The largest of these include: Goczalkowice (3200 16¥.0 hr), Dzieckowice (730 ha;
52.8 hmi), Dzierzno Duze (615 ha; 94.0 fmKozlowa Gora (587 ha; 15.3 AmKuznica
Warezynska (560 ha; 51.1 BmRybnicki Reservoir (555 ha; 24.0 HmPrzeczyce (470 ha;
20.7 hm), Porabka (380 ha; 26.6 AmLaka (350 ha; 11.2 hbn Plawniowice (240 ha;
29.2 hm), Pogoria Il (208 ha; 12.0 Hin

As the density of reservoirs increased with timed aspecially as flow-through lakes
were formed, new geomorphologic processes involffingal transport were started resulting
in the emergence of numerous deltas which haveneedfeature of the region’s geographical
environment [25]. The development of delta formghim study area is a dynamic process. This
largely results from the young age of many watetiém A considerable majority of them
formed during the past 50 years and the increagbeinvater surface area has led to the
emergence of a new lake district [24]. Observatieteted to the changes in delta formation
zones or water body shores point to an early sibdevelopment of bottom and littoral forms
[25].

This research project had the objective of invesitig the delta forms in Upper Silesian
water bodies that were subjected to various kindsrthropopressure, including urban,
mining, industrial, municipal and agricultural. Tpetential for developing the deltas was also
investigated. These objectives were selected in gfethe perceived deficit of assessments of
the environmental role of lake deltas and theinmeodc potential, as well as the unique nature
of Upper Silesian deltas as a product of human énpa the local natural environment.

Research methods

The project involved several dozen reservoirs i tbgion. This paper is based on
a selection of the lakes (Fig. 1). Documentationceoning the development of deltas was
collected from the mid-1990s until 2010. Studiesth® composition and contamination of
delta sediments were conducted on the basis gfuiae sampling of sediments from 1998
until 2008 and the results obtained have been gedrand are presented as such in the article.
The common reed study was carried out once in 2008.

The research involved:
— Taking stock of the delta landforms;
— Measuring the volume of rubble supply and its sediation in the lakes;
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— Measuring landforms in the delta build-up zones #mel deltas themselves (using

a tachymeter, theodolite and an echosounder);

— Determining the mechanical composition (using tkeesand sieve/aerometer methods)
and the physicochemical properties of the sedimiepbsited,;
— Determining the chemical composition of the stemd &eaves of the common reed

(Phragmites australis (Cav.)Trin. ex Steud) growing on the deltas.

Most of the lab work was performed using standaethods. Concentrations of certain
elements in the sedimené @u, As, Br, Co, Cr, Hf, Hg, Ir, Mo, Rb, Sb, Sc,, &, Th, U, W,
La, Ce, Nd, Sm, Eu, Th, Yb and Lu) were determibgdnstrumental neutron activation
analysis (INAA) using a 2MW Pool Type research tea(5x10"n cni s* stream of thermal
neutrons; gamma radiation measured with Ge ORTECGKNBERRA detectors typically
after seven days of exposure). Other elements,(SiQ,, Al,O;, F&Os; MnO, MgO, CaO,
N&O, KO, ROs, Ba, Sr, Zr, Y, Be and V) were determined by atoemission spectroscopy
with inductively coupled plasma (ICP). Here a Ofrgpared sample was coupled with lithium
metaborate and then dissolved in 15% HN@d analysed using the ICP method. The method
was also used to determine another set of elermen®@y, Pb, Zn, Ag, Ni, Cd and Bi, after
completely dissolving 0.25 g samples in 10°dACI-HNO;-HCIO,-HF at 200°C and then
diluted to 10 criin aqua regia. X-ray fluorescence analysis was used to deterriire
concentration of Nb, Rb, Pb, Ga, Sn and S wherglsantook the form of 32 mm pastilles
pressed down from 6 gram portions with polyvinytadlol as the binding substance.
And finally, the plant material was analysed fag tiresence of As, Ba, Br, Ca, Co, Cr, Fe, K,
Na, Sb and Zn by means of the INAA method. Plarteria was collected in the middle of
the vegetation growth period. Samples included efgpeund parts of common reeds
consisting of stems and leaves. The material delfiewas dried at a temperature of 105°C.
After they had been dried, the samples were honegmusing an agate mill. In the plant
material thus prepared, the presence of As, BaCBr,Co, Cr, Fe, K, Na, Sb and Zn was
determined using the INAA method. Measurements werformed at Activation Laboratories
Ltd. in Canada.

Results and discussion

Development of deltas

The survey exercise showed that permanent deléapaticularly frequently found in
large flow-through lakes formed in abandoned qearand pitseg Dzierzno Duze, Pogoria
I) and dam-retained lakegq Przeczyce, Kozlowa Gora), but they also occurnmalker
lakes of various origins. In general the formatafrdeltas is directly linked to the mineral
and organic material loading of the watercoursatingnup in lakes. The quantity of such
material normally depends on the type of litholadythe river basin, but in Upper Silesia
much of the material carried by the river is thesute of human activity, including
waste-water or industrial effluent discharge, aoale drainage, erosion of mining wastes
or agrocoenoses, the flushing of dust-polluted as@$, etc. With ongoing large-scale
underground mining operations in the area fluuiahsport is strongly influenced by the
lithology of the resources exploited. This is partarly true of hard coal and is translated
into the presence of coal tailings in fluvial amsdic sediments. Tailings containing coal
dust and waste rock are formed in sedimentatiodp@md are then transported into local
watercourses, which transport them to their accatimri zones in the deltas and on lake
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beds [26]. In other words, the supply of minerald aorganic substances into the
flow-through reservoirs of Upper Silesia is a capsnce of anthropogenically stimulated
guantitative and qualitative changes in the waiteutation. Watercourses that drain urban
and industrial zones tend to carry much more dethas watercourses in areas without
strong anthropopressure. The degree of river trgialso plays its role in the scale of the
volumes transported and if a river is fully chateelit will carry nearly all of its
transported debris to a final deposition zone.

The study showed that the discharge of materigh¢oregion’s reservoirs varies. For
example [26] the amount of dragged and rolled nmetereasured in the confluence reaches
of the watercourses ranged from 12 mg/s in the Radb reservoir, to 150 mg/s in the
Przeczyce reservoir, to 138 mg/s in the KozlowaaGeservoir up to no less than 0.37 kg/s
in the Dzierzno Duze reservoir. The variation wgeadly great in terms of the suspended
and floating material at: 1.6 g/s (Pogoria 111)2 9/s (Przeczyce), 7.7 g/s (Kozlowa Gora)
and 448.0 g/s (Dzierzno Duze). Some of the mat&iaeposited in the reservoir basins,
starting from the delta development zones. In hislys of the Dzierzno Duze reservoir,
Kostecki [27] showed that 90% of the rubble cariigdan inflowing river was deposited
within 10-20 minutes of the water entering the resie bowl.

The morphometrics of the reservoir basin, espgcdlits bed within the contact zone
between the fluvial and limnic waters, plays a @lcole in the formation of a delta.
Another factor is the water level fluctuation, whim Upper Silesia is driven primarily by
the economic use of the retention function. Takirig account factors that drive the water
levels, Rzetala [28] differentiates between twoetymf reservoirsie those controlled by
natural factors and others controlled by anthropagéactors. Water bodies in the former
category ég Pogoria Ill, Plawniowice) function in a way thatsembles the water level
fluctuations in natural lakes, while the latteg Dzierzno Duze, Laka, Dzierzno Male) offer
a model case of human impact on water level flumna The amplitude of water level
fluctuation determines the zone of change in thielgeof the erosion base and by this, also,
the spatial extent of the direct impact of the Eno@nd sedimentation processes along the
reaches of the confluence. The debris depositioezavere found to shift depending on the
water level in the reservoirs. At the times of ligh water level, sedimentation is
concentrated in the back-water zone, while whemwter is low the zone shifts towards the
reservoir's open waters. The study observed shifise sedimentation zone by hundreds of
meters and in extreme cases even more than ormadtile. One more effect of the water
level in the reservoir is the size of the exposeliadsurface, which in turn affects the scale
of vegetation succession and the intensity of thiessquent process of organic matter
sedimentation.

One of the largest deltas in the region has deeelap the Dzierzno Duze reservoir in
the River Klodnica catchment. This is characteridsd strong urban and industrial
anthropomorphisation (Fig. 2). At times of low walkevel, the delta has a surface area of
more than one square kilometre and its thickneseesls ten meters. The delta drops
sharply towards the reservoir turning into a firgcfioned bottom sediment ranging in
thickness from 10-20 cm to 1.5 metres. The volufrth@delta itself is estimated at slightly
more than 2 million cubic metres while another 2lioni cubic metres have been
accumulated in its direct vicinity. This is, howevan exceptionally large example in
a region dominated by much smaller deltas with mas ranging typically between single
to thousands cubic metres, their surface areasngafyom single to hundreds of square
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metres and whose average thickness is no greater &hfigure between less than
20 centimetres and several tens of centimetresy fihee peculiar structures as a result of
being built by various anthropogenically influenqedcesses.

Fig. 2. Development in the Dzierzno Duze resereaiichment (up) and the delta of Klodnica River in
this reservoir (down) [26, 28]. Legend up: 1 - rivatchment boundaries, 2 - surface waters,
3 - urban areas (including industrial), 4 - woodlars - agricultural land. Legend down:
1 - watercourses, 2 - water reservoirs, 3 - deftaaneadows and turf vegetation, 5 - arable land,
6 - woodland and forested land, 7 - industrial land
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Fig. 3. Development in the Laka reservoir catchm@m) and the delta of Pszczynka River in this
reservoir (down) [25, 28]. Legend up: 1 - river atahent boundaries, 2 - surface waters,
3 - urban areas (including industrial), 4 - woodlas - agricultural land. Legend down:
1 - watercourses, 2 - water reservoirs, 3 - deftaaneadows and turf vegetation, 5 - arable land,
6 - woodland and forested land, 7 - industrial |ed dykes, dams and embankments
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Fig. 4. Development in the Kozlowa Gora reservaichment (up) and the delta of Brynica River irsthi
reservoir (down) [25, 28]. Legend up: 1 - river atahent boundaries, 2 - surface waters,
3 - urban areas (including industrial), 4 - woodlars - agricultural land. Legend down:
1 - watercourses, 2 - water reservoirs, 3 - deftaaneadows and turf vegetation, 5 - arable land,
6 - woodland and forested land, 7 - industrial |eBd dirt-roads, 9 - elevated track of abandoned
narrow-gauge railway, 10 - dykes, dams and embantane
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An example of a delta that has developed undengtagricultural anthropopressure on
the river Pszczynka is that in the Laka reserveig.(3), while a characteristic delta formed
by a river in a largely wooded river basin is fowordthe river Brynica in the Kozlowa Gora
reservoir (Fig. 4). An interesting delta form haseb formed by the Pogoria Stream in
an abandoned sandpit known as the Pogoria | raseindeed, some of the material in the
delta comes from the edge of the old pit. Deltasevedso found in water bodies functioning

as cascades.

Properties of delta sediments

Basic composition and physicochemical testing efdklta deposits revealed that they
were related to the river catchment lithology, aithh they had often been
anthropogenically transformed, including by pobuti(Tables 1-3). For example the delta
sediments of the Pogoria | reservoir corresponthéosandy formation predominant in the
river catchment. Similarly the deltas in the Kozéo®ora and Przeczyce reservoirs are built
of sediments related to Triassic, Jurassic and Bl@ogormations found in many areas of
the respective river catchments. A good examplanointhropogenic delta sediment is the
delta of the River Klodnica in the Dzierzno Duzeawvoir. The sediment’s granularity is
dominated by various sizes of coal tailings, sildessand. The sandy fraction is clearly
dominant, but there is a considerable concentratibrdust and clay fractions. The
underlying autochthonic formations and the deliagks are 100% sandy. Overall, the
deltas of Upper Silesia are characterised by thaniety and the differences include
sediment granularity (Tab. 1). The sediments armidated by grain sizes larger than
0.1 mm, which are estimated at approximately 54%wmrage, while the remaining part is
almost equally split between the 0.02-0.1 mm foactica. 21%) and grains smaller than
0.02 mm (ca. 25%).

Table 1
Average mechanical composition (grain size) of medhits in certain delta formations
(after Rzetala et al [26] with additional data)

\Water reservoir >01mm |  01-002mm | <0.02mm
[% by weight]
Dzierzno Duze 67.4 20.1 12.5
Pogoria | 63.3 9.3 27.4
Pogoria lll 59.0 8.0 33.0
Przeczyce 57.8 24.0 18.2
Kozlowa Gora 44.0 27.3 28.7
Zabie Doly 39.2 29.7 311
Dzierzno Male 52.5 25.4 22.1
Plawniowice 72.8 11.4 15.8
Pond at Zory 50.3 35.0 14.7
Wielikat Pond 19.7 24.3 56.0

The chemistry of the delta sediments varies wi@Ehble 2). It is dominated by Sji@nd
organic matter, as expressed by the loss on ignftitg), but ALO;, Fe&O; and sometimes
also CaO have their significant shares as well. §ddiments from the delta in the Dzierzno
Duze reservoir had nearly 50% loss on calcinatind the SiQ@ concentration was low
(25.44%). Trace element contamination was equalhied in the delta sediments (Table 3).
For example arsenic concentration ranged fromthess 20 ppm to several tens of ppm, zinc
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varied from hundreds to thousands ppm and cadmiom ¢a. 1 ppm to several tens ppm.
In most cases trace element contamination exceégedeveral times the geochemical
backgroundie natural values typical for all sedimentary rock8][

Table 2
Average basic composition of sediments in seledtds

Water reservoir |22 | Al20; [ Fe03 [ MnO | M90[0/|] CaO [ NaO | K0 | POs | Lig”
0

Dzierzno Duze 25.44 9.05 6.2 0.0p 1.55 2.54 0/36.211 0.71 48.74

Pogoria | 63.38| 13.60 8.56 0.14 1.37 1.61 0.65 21490.24 7.06
Pogoria lll 61.83| 14.20 5.08 0.09 1.8R 2.94 0.49 482 0.11 10.34
Przeczyce 53.1( 8.6( 6.32 0.2[L 1.03 6.13 0/41 1.60.72 19.89
Kozlowa Gora 55.74 8.23 4.79 0.09 0.50 1.88 0.47 271f 0.30 25.67
Zabie Doly 57.42 8.32 6.09 0.23 0.79 6.90 0.58 1,650.19 16.32
Dzierzno Male 36.00 6.67 2.93 0.0y 0.74 21,84 0.381.12 0.32 28.12
Plawniowice 45.05 6.96 2.24 0.0% 0.5b 13.43 0.40 221| 0.33 27.21
Pond at Zory 65.24 7.22] 2.9( 0.04 0.45 0.97 067 571 0.27 19.04
Wielikat Pond 66.56| 11.43 3.49 0.08 0.97 0.99 0.902.16 0.20 12.09

*Llg - loss on ignition

Table 3
Average concentration of elements in sedimentgletted deltas
Water Ba | As | Be|] cu] Pb|] zZn|] N | cd] Co ]| cr
reservoir [ppm]
Dzierzno Duze| 1673 19.3 2.0 1045 1226 723 481 3 7. 206 | 103.0
Pogoria | 679 19.3 3.3 44.Q 23913 1276 50.0 1%.3 .02P 132.3
Pogoria lll 455 12.0 2.0 24.0 59.0 208 410 11  018. 111.0
Przeczyce 533 19.0] 2.0 35.0 517.0 1386 28.0 1p.6 .0 15 92.0
Kozlowa Gora | 1080 41.0 25 60. 479/0 1729 26.5 118.16.0 74.0
Zabie Doly 763 62.3 3.0 63.3 9567 3610 3917 31.6 8.01] 78.0
Dzierzno Male| 445 12.0 15 20.( 63.p 31y 210 212 4.01] 59.5
Plawniowice 460 13.1 1.6 23.6 89.6 408 19(0 17.7 .111 66.0
Pond at Zory 416 14.3 13 23.7 67.8 165 22.3 19 7 1. 653
Wielikat Pond 475 11.3 2.0 29.7 43.8 116 323 0|8 .7 8 84.0
Water Cs | sb | La] ce| NdJ] sm]|] Eul]l sc] ul Th
reservoir [ppm]
Dzierzno Duze 8.2 5.0 24.2 454 18.p 4.8 10 918 2 4. 105
Pogoria | 10.0 35 56.1] 108.F 538 9.6 2.1 13.9 4.214.2
Pogoria lll 11.0 1.5 44.2 94.0 39.( 7.6 1.6 13|17 7 3] 13.3
Przeczyce 8.5 3.1 34.7 66. 27.0 5.8 1[0 78 3o 3
Kozlowa Gora 5.1 3.3 33.2 64.( 26.0 57 1.0 85 53 94
Zabie Doly 6.2 6.6 30.1 58.0 25.3 5.1 1.3 8.p 4/1 0.41
Dzierzno Male 4.2 1.9 23.7| 54.5 24.0 4.2 0.9 64 92 74
Plawniowice 3.6 1.7 27.9 57.5 24.% 4.4 0.9 519 38 10.2
Pond at Zory 3.0 1.7 25.3 49. 27.0 2.9 12 6|0 26 7.0
Wielikat Pond 6.3 13 34.7 70.0 34.7 4.3 1.8 103 23 76

In the Upper Silesian reservoirs the geochemicekdraund is exceeded not just in the
deltas, but also in other parts of the reservaimsaand the degree of the contamination excess
makes these water bodies unique on a global Staieis revealed by comparative studies on
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heavy metal concentrations in the bottom sedinafmsany reservoirs/lakes around the world
(Table 4). Very few reservoirs in other parts o tworld have higher concentrations of
chromium, nickel and copper, while the levels oiczicadmium and lead found in the bottom
sediments in Upper Silesia are unprecedented twbalgcale.

Table 4
Heavy metal concentrations (range of variationverage)
in the bottom sediments of selected limnic wateliémof the world
Water reservoir Cd | Pb | Cu | Zn | cr | Ni
- _ [ppm]

Upper Silesian reservoirs g 51 g | 32.1620 9-197 177-4790  66.1-146.0 7-74
(Poland) [28]

Tresna (Poland) [30] 0.0-1.7 25-62 15.7-36.2 83-177 11.5-56.0 30.7-66.2

Reservoir 111 - 7.8-31.4 - 12-186 44262 1128

(Germany) [31]
Balaton (Hungary) [32] 0.1-0.7 2.4-160.0 0.7-36.0  3-160 5.7-66.0 4.4-55.0

Stockholm lakes 2.1-47 75-413 31-1125|  170-153p  15.2-380  32.0-58.1
(Sweden) [33]

Lakes near Murmansk

e <0535 1-176 56495 |  17-1327 . 7-25790
Seliger 'ak?ssfftem (RUSS 5012 | 00682 | 11208 53170p 1.2-485 ;
Sapanca (Turkey) [36] | 0.1-0.6] 101178 17.3-355 90953 | 131225 20.1-34
Hazar (Turkey) [37] : - 10-64 46-210 17-79 38-13(
Koronia (Greece) [38] 1011| 163245 148188 21996 | 27.337.0 -
Volvi (Greece) [38] 0708 | 105144 140162 94589 | 20.1-253 -
Wadi El Natrum
230200 | 3771 27-231 20-91 ; 26-28
(Egypt) [39]
Lake Nassao(]s“da”/ Eoy®) 5.0.11.0 12-29 85685 300-965 45500 915045
Lake Victoria
(Fanzania) (41 25 29.6 216 36.4 11 ;
Rift Valley Lakes 0112 | 109-390| 19209 96.2-2296 1948 BT
(Kenya) [42]
Taihu (China) [43] 3980 | 25894954 9.7-102l2 6770.3| 84.0-162.1 3351240
Kolleru (India) [44] 0.00.3 2551 | 270572  356262] 44-66 0222
Tuttle Creek (USA) [45] | 0.3-0.6 16-160 20-44 65-150 48-120 19-77
Texoma (USA) [46] 1.0-3.0 515 9-136 33242 1251  -316
Macquarie (Australia) [47] <0.1-0.2 5.5-17.0 6-17 12-68 7-45 11-57

Significance of the deltas

The study showed that the deltas formed in the UBjlesian reservoirs either play or
have a potential to play a significant role in tfegural environment of the region and in the
economy. With their quantitative and qualitativdfatiences and their location in the
environment, deltas have a multitude of potentigsu

In terms of the natural environment the main sigaiice of deltas has to do with
increasing the local water retention capacity amigding ground for new habitats thus
contributing to a greater biodiversity of areas,ngnaof which are recovering from
degradation. Indeed, deltas overgrown with reedveggtation, as well as some other types
of vegetation, provide a good breeding ground ifglr &nd birds and the latter can also use
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them as wintering areas because of the relatively ice-free spells of the running water.
An example of a delta with a high quality habiwmtfféund in the Kozlowa Gora reservoir
(Fig. 4). The river Brynica runs through the ddtiaming wetlands occupied with marshy
ecosystems, hosting numerous wetland bird spedieis. has earned the delta and its
surrounding area the status of a national birdgefDeltas of the kind have been or may be
given legal protection. They contribute to makinglamdscape that promotes nature
education €g nature trails), tourism and recreation (anglingnting, survival). For this
potential to be realised deltas require some emment of their appeal in the form of
fishing shelters, boardwalks, angling platforms, et

Table 5
Concentration of certain elements in the leavessamas of common reed in deltas
(after Rzetala et al [48] with additional data)
No. of As | Ba | Br | co | ¢ | sb | zn | Na Fe|l K| ca
(see Fig. 1 [ppm] &

3 <0.01| 24.0 29.5 0.8 1.7 0.07 52.0 2910 002 Dp.D.7
13 0.14 53.0 8.4 0.3 0.6 0.0 82.0 296 0j02 1.1 0.8
10 0.29 51.0 17.5 0.4 0.5 0.07 21.0 998 002 [.88 |0.
18 0.35 45.0 22.5 0.6 0.8 0.21 1070 479 002 P95 [0
4 0.58 33.0 11.0 0.4 0.6 0.14 250]0 768 002 [L.07 |0.
19 0.08 22.0 3.0 0.2 0.4 0.1 48.0 860 0[01 .8 D.6
12 0.13 36.0 2.5 0.2 0.5 0.13 62.0 636 0j02 0.9 0.6
20 0.22 62.0 11.0 0.4 0.4 0.11 2000 534 002 D82 |1
11 0.21 47.0 12.5 0.4 0.4 0.14 80.p 2717 002 [L.57 |0.
21 <0.01 13.0 12.5 0.4 0.4 0.12 200 614 002 [.0.2
22 0.17 22.0 31.5 0.8 0.4 0.1 36.0 1350 002 .15 |0
15 0.69 6.0 13.0 0.5 1.0 1.16 94.0 398 0j02 1.5 0.4
23 <0.01] 34.0 14.5 0.4 0.4 0.1 520 350 001 (.04
24 0.16 37.0 13.0 0.4 0.6 0.1 1400 658 002 (.15 |0
25 <0.01] 34.0 4.8 0.2 0.6 0.07 20.p 652 002 09.8 |0
26 <0.01] 25.0 6.6 0.2 0.5 0.04 38.p 236 002 D95 |0
17 <0.01| 40.0 71.5 1.7 <0. 0.0y 4810 798 0.013 [.0.7
27 <0.01 18.0 34.5 0.8 <0. 0.0b 21)0 2080 ({.015 [1 0.2
28 0.15 31.0 5.0 0.2 0.6 0.04 76.0 75[L 0jo1 0.7 0.5
1 0.14 13.0 5.4 0.2 0.3 0.04 43.0 1050 O0j01 14 4

Deltas also play a role in river water treatmenthesdecelerating water sheds some of
its load and with it the absorbed pollution. Ddtiamation zones are seen to function much
like a pre-treatment sedimentation tank in wastéeewaeatment technology. Additionally
many delta sediments are found to be rich in mfsieand for this reason deltas lend
themselves to vegetation succession. Studies hawensthat delta surfaces are mostly
overgrown with common reedPliragmites australis (Cav.)Trin. ex Steud), which has
a wide range of ecological tolerance [49]. Withdg®n top of the delta its purification
effect can be enhanced due to biological assimilatirocesses, although studies have not
found any clear relationship between the chemioaiposition of the common reed and the
fertility of the delta environment. The study foutfte composition in terms of certain
elements €g iron, potassium and calcium) to be rather similadifferent deltas, but in the
case of micro pollutionefj arsenic, antimony and zinc), its concentratiotthia sediment
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did have some impact on the concentration of tleneht in plants (Table 5). Large
guantities of certain elements were linked to Idodustrial anthropopressure, such as the
case of zinc pollution occurring in a location wher zinc smelting or processing plant was
located nearby, or at least within the river catehtnSeveral of the deltas studied, such as
that in the Laka reservoir (Fig. 3), where the aé#t of the polder type with transversal
dykes, may be seen to play a purification role.ideéeally stagnant water creates
an environment that is conducive to vegetation ¢indhws developing a kind of biofilter.

Deltas can have a valuable role in economic tergngrbviding a source of debris
material for various purposes. Large scale exgloitais conducted within the delta of the
Dzierzno Duze reservoir (Fig. 2). The operationtsthless than 20 years ago as a part of
a scheme to clean the reservoir and prevent itgsilp and the extracted material,
containing a large concentration of coal tailingsnainly used as fuel. A mechanical stage
separates the flammable and combustible fracti@mm the clay fraction, which is diverted
back to the reservoir. The technology separatedéheis in flotation and the final effect of
several subsequent enrichment processes is ahaehtcounts for 70-80% of the delta
sediment. According to a report by Environmentadézech and Monitoring Centre [50] the
sediment contained the following elements: arsenfc72 mg/kg dry mass, chromium -
43.2 mg/kg dry mass, zinc - 464.0 mg/kg dry maadngum - 6.5 mg/kg dry mass, copper -
15.3 mg/kg dry mass, nickel - 21.5 mg/kg dry mészd - 21.5 mg/kg dry mass, mercury -
less than 0.05 mg/kg dry mass, benzo(a)pyrene -400.6ng/kg dry mass,
benzo(b)fluoranthene - 1.16 mg/kg dry mass, ben#fa@ranthene - 0.34 mg/kg dry mass,
benzo(g,h,i)perilene - 0.133 mg/kg dry mass, dibémh)anthracene - 0.120 mg/kg dry
mass, benzo(a)anthracene - 0.46 mg/kg dry massnagd.2.3)pirene - 0.066 mg/kg dry
mass, PCB - less than 100 pg/kg dry mass. Thetgudlithe fuel produced meets the
requirements of coal fuel at 10 000-10 500 kJ/kafing value [51].

Deltas similar to the one in the Dzierzno Duze mesie can also be used as a source of
biogas ég methane and hydrogen) with a fermentation techlgylknown from the
processes used to remove landfill gas from munidaafill and the biogas can then be
converted into electricity or heat with special gixtors or burners.

The fieldwork performed in this study has showrt tha& possible to use delta surfaces
for agriculture or forestry. The deltas need tosh#ficiently large and stabilised with turf,
scrubs and tree vegetation. Such deltas are ngrinafited as unused land and so should
lend themselves to forestry by natural regeneratioforest planting schemes, a land use
choice typically applied in areas unsuitable fori@agdture, in watershed areas and on the
fringes of water reservoirs. The Upper Silesiartadetend to be young, as they mostly
started developing no more than several dozen yaegrsFor this reason only a very few of
them, such as the Przeczyce reservoir delta; amagmently overgrown with shrubs and
trees. The agricultural use of the deltas shoulttentrate on the production of non-food
crops as there is a risk of excessive micro paliutin the sediment. Potential species
include energy willow, wicker willow, decorativersis, etc.

Conclusions

The formation of deltas in newly created reservisirthe result of a spontaneous change
in natural conditions in response to a shift in ¢nesion base level. In sparsely developed
areas, the material building the deltas is rel#etthe lithology of the catchment, while under
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strong anthropogenic pressure conditions, likdhéUWpper Silesian region, it has the features

of an anthropogenic deposit. Owing to anthropogeharacter of researched deltas, they are

also unique subjects for environmental studiesa Assult of the research it can be concluded:

1. The significant loading of watercourses (up to 879 of dragged and rolled and up to
448 g/s of suspended and floating particles) wisttemial originating from human activity
favours the development of deltas. Delta accunumationes are subject to frequent
changes resulting from the regulation of waterleirereservoirs; permanent delta forms
are a typical feature in particular of large reees:

2. Deltas material is dominated by Siénd organic matter. It is polluted however, wtigh
reflected above all by trace element concentratibias exceed natural geochemical
background levels. The accumulation of pollutarithivdeltas can be seen as improving
the quality of surface waters.

3. The development of deltas is associated with th@dton of new habitats that increase
the biodiversity of the area in question. The Higftility of the delta environment favours
plant succession within whicRhragmites australis (Cav.) Trin. ex Steud dominates.
However, vegetation assimilates not only nutriénisalso micropollutants. The content
of trace elements often results from their conitetite sediments.

4. Owing to its mineral and chemical composition, @efiaterial can be used for a variety of
purposes. Where it exhibits high coal dust conténtan be successfully used as an
energy fuel.
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ROZWOJ | ZNACZENIE SRODOWISKOWO-U ZYTKOWE DELT
W ZBIORNIKACH SRODLADOWYCH

L wWydziat Nauk o Ziemi, Uniwersytéaski
2Instytut Ochrony i Iaynierii Srodowiska, Akademia Techniczno-Humanistyczna wdkieiBiatej

Abstrakt: Przedstawiono wyniki badaform deltowych, powstagych w wyniku sedymentacji rumowiska
wnoszonego przez cieki do zbiornikéw wodnych. Baala obito kilkadziesat zbiornikbw antropogenicznych
w regionie goérnélgskim, wyr&niajacym sk silng urbanizacj i uprzemystowieniem. Podstawowe prace badawcze
obejmowaly: pomiary morfometryczne delt, analiziaslki mechanicznego oraz chemicznego osadéw deltgwyc
analizy sktadu chemicznego trzciny poragtaj delty. Prace badawcze wykazadhg delty maj cechy form
antropogenicznych, wynikage z zanieczyszczenia ciekbw. W osadach delt dgmiawykle ziarna piasku, lecz
w wielu przypadkach frakcja < 0,02 mm stanowi nawledto 30%. Osady nierzadko zawieraniat weglowy

i inne zanieczyszczenia organiczne, co w&ja wysokie wartéci strat wagowych po praniu. Zawartét
pierwiastkéwsladowych w osadach deltowych najéziej wielokrotnie przekracza tlo geochemiczne widgh
rodzajow skat osadowych. Delty srodowiskiem akumulacji zanieczyszézeCz$¢ z nich jest asymilowana
przez rdlinnos¢. Zawarté¢ makropierwiastkéw w tkankach trzciny zznych delt jest mato zémicowana,
natomiast zawarté mikropierwiastkow cgsto jest pochodn zawartéci w materiale osadowym. Materiat
tworzgcy delty mae by wydobywany - w niektérych przypadkach posiada riaxeehy opatowe.

Stowa kluczowe:geomorfologia fluwialna, sedymentacja, delty, aptigeniczne zbiorniki wodne, region
gornalaski



