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Véazeni @astnici 16tého Magdeburského senina
Vazenictendi,

Uplynulo jiz 22 let od prvnihdesko-gmeckého ,Magdeburského® semiraktery se rowz konal ve
Spindleroe Mlyn¢. Vznikla vyznamna tradice, kdy se ve dvouletychervalech didaji tato
vodohospodiska setkani v Bmecku aCeské republice.

Neni pochyb, Ze tyto semifgdnejenom napliji vyznamnyclanek Evropskée vodni chartyi{jata ve
Strasburku jiz v r. 1968), ktery jasscluje: ,Voda nezné hranic ...".

Vyznam Magdeburskych semiiigodstati vzrostl po vzniku Mezinarodni komise pro ochrarabé,
neba’ se staly férem pro prezentaci pokroku ¥ip# ekosystém Labe aifezitosti k odborné diskusi
vodohospodé obou stél, kterymi Labe protéka.

Zameieni v prvnim obdobi (cca do r. 2000) bylo vyrazmientovano na snizeni zZfi&eéni — nejen
organickymi latkami, ale takézkymi kovy a zZivinami.

Po roce 2000 se v souvislosti i§gtim Ramcové sirnice vodni politiky a nagbvanim jejich
poZadavk program semiri@ orientuje na dalSi op@ni ke zlepSeni kvality vodniho ekosystému Labe.
Do popedi se dostavaji ro¥a otazky hydrologickych extréim- zejména povodni, které jednozZn&a
vyZaduji Uzkou spolupracitiprealizaci opaeni ke snizeni jejich néasleilk Obdobr aktualnim
tématem je problematika sedimént vyskyt prioritnich zné&Stujicich latek a naprava
hydromorfologickych poreri.

To vSe pokryva letosni program Magdeburskeho seminéery se jiz pdeti kona v blizkosti
pramene Labe — ve SpindlesowWlyné. Vyznam jednani zvySuje vrcholicitiprava ,Planu
Mezinarodniho povodi Labe“ ve Il. etaprocesu k napkni poZzadavi ,acquis communautaire"”.

Dovolte nam pofat usgsSné a plodné jednani, jehoz vysledkiyspsji k dalSi ochra# a tim ke
zkvalitréni podminekieky Labe, ktera je vyznamnym evropskym tokem awsgréyla jiz ped lety
v publikaci Mezinarodni komise pro ochranu Labeasena jako ,pirodni klenot Evropy*.

Ing. Mérian Jurecka
ministr zemédelstvi Ceské republiky
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Sehr geehrte Teilnehmer des 16. Magdeburger Gersahs¢ézseminars,
Liebe Leser,

schon 22 Jahre sind seit dem ersten deutsch-tgshkeh ,Magdeburger® Seminar, das damals auch
in Spindlefiv Mlyn stattfand, vergangen. Es ist eine bedeutdiddition entstanden, wobei sich diese
wasserwirtschaftlichen Treffen alle zwei Jahre ieuBchland und der Tschechischen Republik
abwechseln.

Zweifellos erfullen diese Seminare nicht nur einanchtigen Grundsatz der Europaischen
Wassercharta (die bereits 1968 in Stral3burg vedinvdrde), der eindeutig feststellt: ,\Wasser kennt
keine Grenzen...".

Die Bedeutung der Magdeburger Gewasserschutzsemmistanach der Grindung der Internationalen
Kommission zum Schutz der Elbe deutlich gestie§@@a.haben sich zu einem Forum entwickelt, um
Fortschritte beim Schutz des Okosystems Elbe zseptiéeren und bieten Gelegenheit zur fachlichen
Diskussion unter Wasserwirtschaftlern beider Stgatarch die die Elbe flief3t.

Der Schwerpunkt war in der Anfangsphase (etwa him zJahr 2000) darauf gerichtet, die
Umweltverschmutzung zu verringern — und das niaht durch organische Verbindungen, sondern
auch durch Schwermetalle und Nahrstoffe.

Nach 2000 konzentrierte sich das Programm der Semim Zusammenhang mit der Einfihrung der
Wasserrahmenrichtlinie und der Erfullung ihrer Amfierungen auf weitere MalRnahmen zur
Verbesserung der Qualitat des aquatischen Okosgstive. In den Vordergrund trat auch die
Problematik hydrologischer Extreme - insbesonderechiasser, die eindeutig eine enge
Zusammenarbeit verlangen, um Mallnahmen zu verehdti, die die Folgen der Hochwéasser
verringern.

Ebenso aktuelle Themen sind die Sedimentproblemd#i& Vorkommen prioritarer Schadstoffe und
die Verbesserung der hydromorphologischen Vertsdii

All dies umfasst das diesjahrige Programm des Magider Gewasserschutzseminars, das schon zum
dritten Mal in der Nahe der Elbe-Quelle — in Spamiv Mlyn — stattfindet. Die Bedeutung des
Seminars wird noch dadurch erhéht, dass die Vortagedes ,Internationalen Bewirtschaftungsplans
fur die Flussgebietseinheit Elbe* im 2. Zyklus z@rfullung der Anforderungen ,acquis
communautaire” gerade ihren Hohepunkt erreicht.

So winschen wir dem Seminar einen erfolgreichennutzbringenden Verlauf, dass seine Ergebnisse
zum weiteren Schutz und damit zur VerbesserungV@ehaltnisse fur die Elbe beitragen, die ein
bedeutsamer europaischer Strom ist und schon Voedan einer Publikation der Internationalen
Kommission zum Schutz der Elbe als ,Kleinod in Epabbezeichnet wurde.

Ing. Marian Juré&ka Mgr. Richard Brabec
Minister fur Landwirtschaft Minister fir Umwelt
der Tschechischen Republik der Tschechischen Rigpubl
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Schadstoffmonitoring wahrend des
Elbehochwassers im Juni 2013

Daniel Schwandt, Carmen Kleisinger, Gerd Hiibner, Evelyn Claus, Holger Haase, Birgit

Schubert, Peter Heininger
Bundesanstalt fiir Gewdsserkunde

Summary: During the flood of the River Elbe in 2013 a special monitoring programme of the River Basin
Community Elbe (FGG Elbe) concentrated on contaminants in water and suspended particulate matter (SPM)
whereas other monitoring activities in the tidal part of the Elbe focused on contaminants in fresh sediments.
Peak concentrations of trace metals and organic contaminants in SPM or fresh sediments during the June 2013
flood are compared with concentrations in the previous year and during the flood events in 2002 and 2006. In
some cases the concentrations in June 2013 exceeded the levels of the earlier flood events. The contaminant
load of the June 2013 flood forms a large fraction of the total annual load. The importance of special flood
related and coordinated monitoring activities is emphasised.

Untersuchungsprogramm / Methodik

Das Junihochwasser 2013 im Einzugsgebiet der Elbe war ein Extremhochwasser mit neuen Wasserstands-
hochstwerten an der Elbe unterhalb von Wittenberg und an der Saale [1]. Die Schadstoffbelastung wurde im
Zeitraum 3.6.-1.7.2013 gemal dem ,,Messprogramm fiir hydrologische Extremereignisse an der Elbe” (Mess-
programm Extremereignisse) der FGG Elbe durch die zustdndigen Landesbehdrden (LfULG, LHW, LUGV,
NLWKN, HU), das UFZ und die BfG (Koordination) untersucht. Bis zum Erreichen des Hochwasserscheitels
wurden téaglich, anschlieend etwa alle drei, abschlieBend nach sieben Tagen Schopfproben (Wasser) ent-
nommen. Moglichst zeitgleich erfolgten Schwebstoffprobenahmen mit Zentrifugen. Zur Abschatzung der
Schadstofffrachten wurden die Schadstoffkonzentrationen fiir Tage ohne Messwert linear interpoliert. Die
Schatzung der Schadstofffracht im Schwebstoff wurde mithilfe der aus den Wasser-Gesamtproben ermittelten
Konzentration der abfiltrierbaren Stoffe vorgenommen. Den Frachtschadtzungen liegen abgestimmte Tages-
mittelwerte des Durchflusses zugrunde (WSV-Daten, Stand: Marz 2014). Ergebnisse des Messprogramms
Extremereignisse wurden bisher in einer Kurzdarstellung [2] zusammengestellt und in Ausziigen veroffentlicht
[3]. Ein weiterer Beitrag befindet sich im Druck [4].

Unabhangig vom Messprogramm Extremereignisse erfolgte in der Tideelbe von Juni bis August 2013 an Mess-
stellen der WSV/BfG anstelle der reguldren monatlichen eine verdichtete Probenahme (Wochen- bzw. Zwei-
wochenmischproben). Dabei wurden frische schwebstoffbirtige Sedimente (Geesthacht) mithilfe von Schweb-
stoffsammlern und frisch abgelagerte Sedimente (Butzfleth, Brunsbittel) mit dem Greifer entnommen. Die
Spurenmetalle wurden in der Kornfraktion < 20 um untersucht und die in der Kornfraktion < 2000 um
gemessenen organischen Schadstoffe auf die Kornfraktion < 63 um normiert. Auf die genannten Korn-
fraktionen beziehen sich auch die feststoffgebundenen Schadstofffrachten, die fiir Geesthacht unter Verwen-
dung der an der WSV-Messstelle in Hitzacker gemessenen Schwebstoffkonzentrationen ermittelt wurden.

Im Vordergrund der hier dargestellten Auswertungen steht die Belastung der Schwebstoffe mit Schadstoffen
an ausgewahlten Messstellen im Langsverlauf der Elbe. Aus der Vielzahl der im Schwebstoff analysierten Kenn-
groBen wird auf einige auffallige anorganische und organische Spurenstoffe eingegangen. Die Ergebnisse
werden mit den Werten des Jahres 2012 (FIS-Datenportal der FGG Elbe bzw. WSV-/BfG-Daten) sowie mit den
extremen Hochwasserereignissen der Jahre 2002 und 2006 verglichen. Bei den Schwebstoffuntersuchungen
der Hochwasserereignisse 2002 und 2006 war die Probenzahl deutlich geringer als beim Hochwasser 2013.

10
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Ergebnisse

Schadstoffkonzentrationen

Wadhrend des Hochwassers wurden in der oberen und mittleren Elbe zeitweise sehr hohe Konzentrationen
abfiltrierbarer Stoffe gemessen. Die hochsten Konzentrationen wurden wie in Magdeburg (Abb. 1) in der Regel
vor dem Hochwasserscheitel erreicht. Mit hohen Konzentrationen abfiltrierbarer Stoffe gingen auch hohe
Spurenmetall-Konzentrationen in den unfiltrierten Wasserproben einher.

[ms] [mg/l
6000 60
5500 Durchfluss (Tagesmittelwerte) — | 1 55
5000 * abfiltrierbare Stoffe = 4 50
4500 |--[] ] 45
4000 / 40
3500 | / 35
3000 / 30
2500 25
2000 » / ! 20
1500 | 4 15
1000 4 10
500 45
0 T T T T T T T T T 0

3. 4 5 6. 7 8 9 10 11. 12. 13. 14. 15. 16. 17. 18. 19. 20. Jun."13

Fig. 1: Flood hydrograph (discharge) at the gauge Magdeburg-Strombriicke and the concentrations of total
suspended solids in unfiltered water-samples of the River Elbe in Magdeburg during 3.-20. June 2013

Auch die Schwebstoffanalysen ergaben erh6hte Konzentrationen an Spurenmetallen und organischen Schad-
stoffen. Bei einzelnen Stoffen traten wahrend des Junihochwassers 2013 hohere Konzentrationen auf als beim
Hochwasser 2002 und 2006 (Tab. 1). Diese in Tabelle 1 markierten Maximalkonzentrationen relativieren sich
jedoch teilweise beim Vergleich mit Hoéchstkonzentrationen des Jahres 2012. So werden beim Junihochwasser
2013 gemessene maximale Konzentrationen in Wittenberg (Cadmium, Kupfer, p,p’-DDT und p,p’-DDD) sowie
in Magdeburg (p,p’-DDT) von den Spitzenkonzentrationen der Schwebstoff-Mischproben des Jahres 2012
Ubertroffen. Die stark erhohten Konzentrationen von a-HCH und B-HCH in Wittenberg und Magdeburg beim
Hochwasser 2013, die 2012 nicht anndhernd erreicht wurden, sind dagegen auffallig.

An den Dauermessstellen Geesthacht, Bitzfleth und Brunsbittel in der Tideelbe enthommene Sedimente
wiesen wahrend des Junihochwassers 2013 deutliche Anstiege der Schadstoffkonzentrationen auf. So erreich-
ten die Konzentrationen der DDX-Gruppe und von HCB das 2- bis 3-fache und von Schwermetallen das 1,2- bis
2-fache des 3-Jahresmittelwertes (2010-2012).

Am Pegel in Neu Darchau trat der Hochwasserscheitel am 11.06.2013 auf. Die Schadstoffkonzentrationen zeig-
ten in zwei Wellen starke Anstiege (Maximalwerte siehe Tab. 1). Diese traten in Geesthacht eine und drei
Wochen nach dem Hochwasserscheitel, in Blitzfleth nach vier und neun Wochen auf. Der zeitliche Versatz ist
mit der Tidedynamik zu erkldren, die zu einem verzégerten Transport der feststoffgebundenen Schadstoffe
flhrt.

Die Schadstoffkonzentrationen beim Junihochwasser 2013 liegen in Geesthacht, Blitzfleth und Brunsbiittel auf
einem ahnlichen Niveau wie beim Hochwasserereignis 2002 (Tab. 1). Wahrend des Hochwassers 2013 wurden
im Vergleich mit den Hochwasserereignissen 2002 und 2006 nur fir Arsen in Geesthacht und Kupfer sowie
p,p -DDD in Brunsbiittel héhere Konzentrationen erreicht. In Brunsbittel liegen die Hochstkonzentrationen
des Junihochwassers 2013 fiir Kupfer, p,p’-DDD und der meisten anderen Schadstoffe (Ausnahmen: HCB, B-
HCH) allerdings unterhalb der Maximalkonzentration des Jahres 2012.

11
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Tab. 1: Highest concentrations of selected pollutants in SPM or in fresh sediments (grey background) of the
River Elbe during the extreme flood events 2002, 2006 and 2013 (the maximum-concentrations of the flood
2013, that are also the highest in the comparison, are shown in bold)

Messstelle Wittenberg Magdeburg Geesthacht Bitzfleth Brunsbiittel
Hochwasser | 2006 | 2013 |2002]2006 2013|2002 | 2006 | 2013 | 2002 | 2006 | 2013 | 2002 | 2006 | 2013
[mg/kg TS], Kornfraktion < 63 um [mg/kg TS], Kornfraktion < 20 um
Cadmium 2,7 29| 83| 41| 52| 88| 98| 88| 33| 44| 3,7| 22| 14| 1,7
Kupfer 72 77| 157 92| 102| 203| 204| 155 77| 113 97 54 53 60
Quecksilber 0,9 08| 29| 17| 26| 53| 99| 61| 27| 31| 19| 18| 14| 1,2
Arsen 42 52| 280 52| 120 65 58 75 49 49 28 44 34 31
[ug/kg TS], Kornfraktion < 63 um [ug/kg TS], Kornfraktion < 63 pm
HCB 130 66| 113 48 33| 171| 367 93| 12,5| 12,6| 9,0 8,7| 7,6| 8,7
a-HCH 19 48| 181 21| 450 12| 116 13( 1,1{ 1,7( 09| 09| 08| 0,6
B-HCH <0,5 72| 115 74| 120 31| 207 31| 61| 87| 29| k.D.| 24| 21
p,p’-DDT 99 120 57 87 91 84 74 81| 7,2 11| 4,0| 54| 24| 2,2
p,p‘-DDD 32 130| 103 23 59 83| 400| 100 14 22 18 13 12 15
p,p’-DDE 56 82 31 38 30 28 43 31| 56| 73| 53| 47| 3,7| 4,7
Dibutylzinn k.D. 12 99| k.D. 74 60| 533| 109 53 71 17 44| 212 18
Tributylzinn k.D. 6,1 32| k.D. 30 92| 800 99| 221| 197 42| 144 123 49
k.D.: keine Daten

Schadstofffrachten

Aus den erhohten Schadstoffkonzentrationen wahrend des Hochwassers resultierten bedeutende Frachten.
Exemplarisch wird in Abbildung 2 (links) die anhand der Wasser-Gesamtproben geschéatzte Fracht ausgewahl-
ter Spurenmetalle der Elbe in Magdeburg vom 3.-20.6.2013 als prozentualer Anteil der Jahresfracht 2012 dar-
gestellt. Die in 18 Hochwassertagen (5 % des Jahres) transportierte Fracht der dargestellten Schwermetalle
entspricht rund 15-50 % der Jahresfracht 2012, bei Arsen lber 60 %.

[%] [%]
100 100
As IH As
20 90 e i
80 | 80 |{Cu
Hg =
70 70 pp-DDT [
60 | 60 | =
[
50 | 50 |
40 | 40
30 t 30 |
20 | 20 |
10 | 10 |

0
Elbe, Magdeburg - Wasser unfiltriert Elbe, Geesthacht - Schwebstoff

Fig. 2: Contaminant loads during the flood (3.-20. June 2013) expressed as percentages of the loads of the year
2012

(left): Trace metals in unfiltered water of the River Elbe at Magdeburg (after [4])

(right): Trace metals and organic compounds in fresh sediments of the River Elbe at Geesthacht

In Abbildung 2 (rechts) wird die anhand von Schwebstoffmessungen geschatzte Fracht ausgewahlter Spuren-
metalle und organischer Schadstoffe der Elbe in Geesthacht vom 3.-20.6.2013 als prozentualer Anteil der
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Jahresfracht 2012 dargestellt. Sie entspricht fiir die Spurenmetalle rund 12-30 %, fiir die organischen Schad-
stoffe (ausgenommen p,p -DDT) rund 55-65 % der Jahresfracht 2012.

Die wahrend des Hochwassers vom 3.-20.6.2013 mit dem Schwebstoff transportierten Schadstofffrachten
variieren im Verlauf der Elbe (Tab. 2). Kupfer und DDX weisen in Wittenberg, oberhalb der Miindungen von
Mulde und Saale, die groRten geschatzten Frachten auf. Flir a-HCH und B-HCH sind die Frachten in Magde-
burg, unterhalb von Mulde und Saale, am groRten. In Geesthacht sind die Frachten fiir die organischen Schad-
stoffe meist héher als in Schnackenburg/Doémitz und liegen (bis auf HCB und HCH) in der GréRBenordnung der
Frachten in Magdeburg. Frachtabnahmen im Langsverlauf deuten auf Sedimentaustrdage (Deichbriiche,
Ablagerung in Auen), Frachtzunahmen auf Eintrdage aus Zuflissen, aber auch auf die Remobilisierung von
Altsedimenten (Buhnenfelder, Seitenstrukturen) hin. Die Frachtschatzungen beinhalten insbesondere bei den
organischen Schadstoffen grofRe Unsicherheiten.

Tab. 2: Load estimate [kg] of selected pollutants in SPM (centrifuge) or in fresh sediments (sediment sampler;
grey background) of the River Elbe during 3.-20. June 2013

Messstelle Wittenberg Magdeburg Schnackenburg/Démitz Geesthacht

Bezugspegel Wittenberg MD-Strombriicke Wittenberge Neu-Darchau
Kornfraktion < 63 pum Kornfraktion < 20 um

Cadmium 352 482 309 439

Kupfer 11808 10096 5949 7332

Quecksilber 110 241 *) 247

Arsen 7741 8389 4066 1464
Kornfraktion < 63 um Kornfraktion < 63 um

HCB 3,1 2,9 0,9 6,2

a-HCH 1,9 11,7 *5) 0,3

B-HCH 2,2 7,1 **) 0,9

p,p‘-DDT 13,8 5,8 1,2 4,4

p,p’-DDD 7,7 6,1 0,5 7,2

p,p'-DDE 5,7 2,9 0,9 2,3

Dibutylzinn 1,1 3,4 3,0 2,1

Tributylzinn 0,8 2,8 2,5 2,1

*) keine plausibilisierte Frachtschatzung

**) keine Frachtschatzung, da alle (a-HCH) bzw. mehr als die Halfte (B-HCH) der Konzentrationen unterhalb

Bestimmungsgrenze
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Vliv extrémnich hydrologickych stavii na
kvalitu vody toku a nadrzi v povodi Vlitavy

Marek Liska, Jakub Dobias, Jindrich Duras, Katefrina Soukupova a Jan Valek
Povodi Vitavy, statni podnik, Praha 5, Holeckova 8, 150 24, tel. +420 251 050 708 marek.liska@pvl.cz

Resumé

The extereme hydrological conditions have an important influence on water quality of rivers and reservoirs. The
results of the ,flood water quality monitoring” on the rivers and reservoirs in the Vitava river catchment (years
2006 and 2013) are described in this contribution. The special attention is focused on the water quality of
Svihov reservoir during the floods, which is the largest drinking water source in the Czech Republic (drinking
water supply for 15 % inhabitants). In the past, three important floods have happened in the Zelivka river
catchment (in 2002, 2006 and 2013). The flood influence on water quality was sufficiently surveyed only in
2006 and 2013. The flood in 2006 took place in spring, in 2013 the flood happened in summer. The hydraulic
characteristics of the reservoir, i.e. large water volume, long teoretical retention time, possibility of discharging
the reservoir over the surface safety spillway, and also sharp thermal stratification during the flood in June
2013, had a positive impact on water quality in the point of water withdrawal, so the negative consequences
for the water treatment were minimized. During the summer flood in 2013 was observed temporary increase of
phosphorus concentration in the reservoir, also higher concentration of some pesticides (e.g. terbuthylazine)
were observed, mainly in the upper parts of the reservoir. On the other hand, the spring flood in 2006 was
manifested through the temporary increase of nitrate concentration.

Uvod

Kvalita vody v fekach a nadrzich vidy velmi Gzce souvisi s jejim mnoZstvim. V dobé sucha dochazi k mensimu
fedéni odpadnich vod z bodovych zdroji znedisténi s naslednym ,zakoncentrovanim“ Zivin v povrchovych
vodach. Tim se zvySuje eutrofizacni potencial a za pfiznivych podminek probihda intenzivni rozvoj fas a sinic.
Druhym extrémem je povodnovy stav, pfi kterém dochazi k promyti svrchnich vrstev padnich horizontl a
,vyplachu“ zdrojd prlimyslovych a komunélnich odpadnich vod (jimky, odlehéeni kanalizace a COV, atd..).
Dusledky povodné na kvalitu stojatych a tekoucich povrchovych vod se vyrazné lisi podle obdobi, v kterém
povoden probihd. Povodné vzimnim a casné jarnim obdobi obvykle, pokud je dodrien systém dobré
zemédélské praxe (napf. nehnojeni na zmrzlou pddu), dotuji feky a nadrze relativné Cistou vodou ze snéhu a
srazek, kterd je diky castecnému promyti pres pldni profil bohatd na dusi¢nanovy dusik. Naopak voda z
pozdné jarnich a letnich povodni je obvykle charakterizovdna niz§im obsahem dusiku, ale vyssi koncentraci
fosforu. Ve ,Spi¢ce” povodinové viny dale byva zvyseny obsah organického uhliku (CHSKc,, TOC), amoniakdlniho
dusiku a koliformnich bakterii. Utvar vodohospodafskych laboratofi statniho podniku Povodi Vitavy provadi, za
béZnych hydrologickych podminek, na vétsiné vodnich Utvard stojatych a tekoucich vod provozni a situacni
monitoring jakosti vody. V obdobi nastupujici povodné, po dosazeni 3. stupné povodnové aktivity (ddle jen
SPA) je aktivovan tzv. povodiovy monitoring, jehoZ zasady a principy jsou popsany v interni smérnici statniho
podniku Povodi Vltavy: ,,Mimoradny monitoring jakosti vody v diléim povodi Horni Vitavy, Berounky, Dolni
Vitavy a ostatnich pfitok(l Dunaje”. VysSe citovana smérnice uvadi zejména presnou lokalizaci odbérovych
profild na tocich (Obr 1.), prfehled parametri, cetnost a obdobi sledovani a zplsob vyhodnoceni vysledk(
monitoringu. Na tocich jsou obvykle ve 2 aZz 3 dennim intervalu sledovany parametry: CHSKc,
(filtrovany/nefiltrovany vzorek), konduktivita, AOX, NEL, uhlovodiky C;o-C4 termotolerantni koliformni
bakterie, pH, koncentrace kysliku a teplota vody. Pfi ,povodriovém® monitoringu vodarenskych nadrzi je
kladen hlavni dlraz zejména na zmapovani distribuce povodnové vody v nadrzi, ktomu se pouziva
multiparametrickd sonda YSI 6600 vybavena turbidimetrickym cidlem. Monitoring se provadi na celém
podélném profilu nadrze na vybranych svislicich. Po identifikaci prislusné hloubky s povodrnovou vodou jsou
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odebrany vzorky vody pro analyzu, fosforu, dusiku a specifickych organickych a anorganickych latek. Soucasné
jsou vétsinou odebrany vzorky vody ze standardnich hloubkovych horizont( na celém podélném profilu nadrzi,
zejména pro analyzy dusiku a fosforu.

......

Fig. 1: The map of sampling points of the ,flood water quality monitoring” in the Vlitava river basin

VysledKky a diskuse

Kvalita vody v tocich byva zejména v jejich dolnich ¢astech vyrazné ovlivnéna erodovanym materidlem z poli,
coz se projevuje vysokou koncentraci nerozpusténych latek. Dale vyplachnutim a c¢astecnou nebo Uplnou
nefunkénosti COV, co? souvisi zejména s vysokymi hodnotami CHSKc, amoniakalniho dusiku, celkového
fosforu, AOX a termotolerantnich koliformnich bakterii, zejména v obdobi ndstupu povodné a kulminacni viné.
Na tocich se obvykle jednda o kratkodobou epizodu, na nadrZich je vliv povodné zfetelny podstatné déle.
V obdobi povodni je vidy vénovéana znaéna pozornost kvalité vody vodarenské nadrze Svihov na Fece Zelivce,
nejvétéi vodarenské nadrzi v CR (objem nadrze 266,6 mil m?, plocha nadrze 14,3 km?, délka vzduti 38 km, max.
hloubka u hraze je 52 m). Vodou z nadrie je zdsobovano pfiblizné 15 % obyvatel CR, souc¢asny odbé&r surové
vody se pohybuje okolo hodnoty 3 m*.s™. N4dr? je dlouhd, korytovita s dlouhou teoretickou dobou zdrzeni (cca
430 dn0), cozZ je duleZité zejména z pohledu samocisticich proces(, tyka se zejména fosforu. Kromé odsazovani
anorganického materialu pfi prichodu vody nadrzi dochazi k eliminaci fosforu, ktery urcuje stupen eutrofizace
nadrze, tedy intenzitu rozvoje fas a sinic. Koncentrace celkového fosforu za standardnich hydrologickych
podminek klesaji v podéiném profilu nadrie z hodnot 0,030-0,060 mg.I™" v pfitokové ¢asti nadrie na 0,007—
0,020 mg.I™ v oblasti hraze, tomu odpovida i gradient biomasy fas a sinic. Na kvalitu vody v nadrzi ma zcela
zasadni vliv celkovy objem vody a dynamika jejiho pfitoku. Z hlediska kvality vody predstavuji povodriové stavy
problém vyznamny, avSak kratkodoby, vyznamnéjsi vliv na vyvoj kvality vody ma vétsi snizeni objemu vody
v nadrzi vlivem suchého obdobi, napf. v letech 1992 — 1995.

V historii nadrze VN Svihov se odehraly t¥i vyznamné povodriové stavy (v letech 2002, 2006 a 2013). Oba
posledni (2006 a 2013) povodriové stavy VN Svihov se od sebe vyrazné odli$ovaly roénim obdobim, pribéhem
povodné a finalnimi disledky pro kvalitu vody v nadrzi Svihov. Pfi jarni povodni v roce 2006 byla nadrz jiz
zamichana bez teplotniho gradientu a pritékajici povodrnova voda postupovala od pritoku ke hrazi nadrze v Sifi
témér celého vodniho sloupce, tj. relativné pomalu. Voda jarni povodné byla bohatd na dusi¢nany a postupné
se v celé nadrzi docasné zvysila koncentrace dusi¢nan(, v maximu az k hodnotam 45 mg/I.

Letni povoden v roce 2013 se odehrala na pocatku cervna, do nadrZe pritékala zakalena voda se zvySenou
koncentraci fosforu a nékterych specifickych organickych latek. DosSlo k vyméné cca 15-20 % celkového
objemu vody v nadrzi. Nadrz byla jiz vyrazné teplotné stratifikovdna, tj. bylo vytvoreno zietelné teplotni
rozhrani mezi horni a spodni vodou v nadrzi, pfiblizné v hloubce 11 — 15m. Vliv nastupujici povodné se zacal na
drobnych pfitocich VN Svihov projevovat 1. 6. 2013, na hlavnim pfitoku Zelivka s nékolikadennim zpozdé&nim
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(od 3. 6. 2013). Povodriova voda se zaradila v hlavnim pritoku do nadrze do vrstvy vody v hloubce cca 8 — 15 m
(podle aktualni teploty pritokové vody) a takto postupovala celou nadrzi. Vytvoril se tzv. zkratovy proud, kdy
nadrzi protékala povodrnova voda vyhradné v hornich vrstvach nadrZe, coZ bylo velmi dobfe detekovano
pomoci méreni zakalu. Priblizné za 10 dni od zacatku povodné se dostala povodriova voda z hlavniho pfitoku
ke hrazi nadrze. Postup povodnové vody nadrzi a jeji distribuci dokumentuje Fig. 2, jsou zde patrné zvysené
hodnoty parametru: zakal, UV absorbance, CHSK,,,, Zelezo a amoniakalni dusik.

Turbidity (NTU) UV - Abs. 254nm

HESEHHNES

Fig. 2: The distribution of ,flood water in the longitudinal profile of the Svihov reservoir.

Nadrz byla po celou dobu povodné manipulovana v rdmci retencniho prostoru, tj. byla odpousténa pouze
hornim prelivem, coZ vyznamné omezilo vmichavani povodriové vody do oblasti vodarenského odbéru, ktery
byl po celou dobu povodné realizovan z odbérového okna v hloubce cca 34 m. Povoden ovlivnila kvalitu vody
v nadrZi zejména pfisunem eroznich partikuli obohacenych fosforem a splachem pesticidnich a dalSich latek ze
zemédélské pudy. Letni povoden neovlivnila dlouhodobé stabilni koncentraci dusicnan( v nadrzi, kterd se
pohybuje v hodnotach do 30 mg.I™. Hlavnim diivodem byla skute¢nost, ze povoderi probihala na poéatku léta,
tj. v obdobi, kdy je jiz koncentrace dusi¢nan v padé v povodi nadrZze témér na svém rocnim minimu.

Fosforova bilance VN Svihov viak byla povodfiovym stavem ovlivnéna vyrazné, zejména v piitokovych &astech
nadrze byly koncentrace fosforu rfadové vyssi, nez je obvyklé. V centralni ,bazénové” Casti (zejména pak
v hypolimniu) se koncentrace celkového fosforu udrzovaly pod limitem pro vodarenské toky, tj. hodnoty nizsi
nez 0,050 mg.I™ (u hraze do 0,02 mg.I"") a nebyly tak povodni zésadné ovlivnény. Maximalni hodnoty celkového
fosforu se na po¢atku vzduti pohybovaly kolem hodnoty 0,1 mg.I", s postupnym poklesem v podéIném profilu
nadrze. Povodnovy stav docasné (avSak vyznamné) zménil pomér celkového a celkového rozpusténého fosforu
Fig. 3. Ve vzorcich odebranych z povodrové vrstvy vody v nadrzi (v hloubce 10 — 15 m) byly koncentrace az
radové vyssi ve prospéch celkového fosforu. Ze zjisténych vysledkl plyne, Ze za povodriovych stavi ma
partikulovany fosfor na celkovém ptisunu fosforu do nadrze prevazujici podil. Jedna se vsak o fosfor navazany
na castice, na kterych odsedimentuje na dno nadrZe a nepredstavuje tak bezprostfedni okamzitou hrozbu.
Spolecenstvo fytoplanktonu v nadrZi (fasy a sinice) nebylo povodni z dlouhodobého hlediska zasadné
ovlivnéno. Povoden meéla také vliv na zvySeni koncentraci nékterych organickych latek v nadrzi. Bylo
zaznamenano zfetelné zvySeni koncentrace nékterych pesticidnich latek (terbuthylazin, metolachlor,
metabolity dusikatych pesticidd, glyfosat) ve vrstvé povodriové vody v nadrzi. Z vysledk( analyz je zfejmé, Ze
doslo ke splachu cerstvé aplikovanych pesticidll z poli a jinych osSetfovanych ploch. Diky u¢inné manipulaci
nadrze pres horni preliv zGstaly koncentrace terbuthylazinu v misté vodarenského odbéru (34 m), témér beze
zmeén.
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Fig. 3: The concentration of total and dissolved phosphorus in the longitudinal profile of the Svihov reservoir
(flood in the year 2013)

Opacny problém, nez je povodrnovy stav, predstavuje tzv. hydrologické sucho. V obdobi 1992-1995 doslo
k poklesu hladiny vody ve VN Svihov o cca 10 metr(i, objem vody v nadr#i se zmensil cca o 30 %. Doslo
k dlouhodobému zakoncentrovani fosforu a naslednému rozvoji fas a sinic v horni ¢asti nadrze, velka biomasa
fytoplanktonu ve vegetaCni sezoné postupovala smérem ke hrazi nadrze. Paralelné se v uvedenych letech
rozvijel v centralni ¢asti nadrze rozsivkovy fytoplankton (napf. rozsivka Aulacoseira subarctica), jehoz biomasa
v jarnim obdobi plsobila velké problémy na Upravné vody. Lze fici, Ze na této vyznamné vodarenské nadrizi je
kvalita vody, vyjma celkového Zivinového zatizeni, do zna¢né miry funkci celkového objemu a doby zdrzeni
vody v nadrzi.

V4 4

Zavery

Hydrologické extrémy maji vyznamny vliv na kvalitu tekoucich i stojatych povrchovych vod. Za povodrovych
stav(l dochazi vlivem splachl k vyraznému kratkodobému zvy3eni koncentrace nerozpusténych latek, CHSK,,
AOX, celkového fosforu, amoniakdlniho dusiku a koliformnich bakterii. V obdobi hydrologického sucha a
zaklesnuti hladiny dochazi zejména ke zvysSeni bakteridlniho oZiveni, koncentrace amoniaku a predevsim
fosforu, ktery predstavuje dullezity eutrofizacni impuls. Z hlediska zasobovani obyvatelstva pitnou vodou maji
velky vyznam povodné v povodich vodarenskych zdrojd. V historii vodarenské nadrze Svihov se odehraly tfi
vyznamné povodnové stavy: v letech 2002, 2006 a 2013. Povodné v letech 2006 a 2013 se liSily obdobim, ve
kterém probihaly a zplsobem pritoku vody nadrzi. Na kvalitu vody v misté vodarenského odbéru mély
pfiznivy vliv pfedevsim hydraulické charakteristiky nadrze, tj. velky objem vody, dlouha teoreticka doba zdrzeni
a odpousténi nadrze pres ,hladinovy” bezpecnostni preliv. V pfipadé cervnové povodné 2013 se uplatnila i
vyrazna teplotni stratifikace, kterd pomohla uchovat zasobu vody v hypolimniu nadrie pro vodarenské
vyuzivani. V obou pfipadech byl i pfes povodnovy stav zajistén bezproblémovy provoz Upravny.

Tzv. predvypousténi vody z nadrze v ,predpovodnovém® obdobi je casto diskutovanym a kontroverznim
tématem. Pfedvypousténim je toti? zpravidla odpousténa z nadrze jakostni ¢istd voda. Vodni dilo Svihov je
nejvétsi stfedoevropska vodarenska nadrz, ktera zasobuje pitnou vodou okolo 15 % obyvatel CR. Zku$enosti jak
z obou vyse zminénych povodni, tak i zkusenost ze suchého obdobi 1992 — 1995 ukazuji na to, Ze z pohledu
kvality vody je u nadrze s dlouhou dobou zdrZzeni vody velmi riskantni zdsadné sniZovat objem vody v nadrZi a
to i v podminkach tzv. ,pfedpovodiiovych” stavil. Hlavni funkci VN Svihov je akumulace vody pro jeji Gpravu na
vodu pitnou, nddrz nema primarné funkci ochrany pfed povodnémi a z hlediska managementu nadrze je proto
nutno respektovat Ucel, za jakym byla nadrz vybudovana.
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Influence of extreme hydrological events on
the sediment quality in the Port of Hamburg
since 2000

Karrasch, M. and Liischow, R.
Hamburg Port Authority, Hamburg

The contamination of sediments originating from the Elbe catchment area still represents one of the major
problems for maintenance dredging in the tidal Elbe. Especially, the Hamburg area is affected due to its
location in the upper part of the estuary. The heavy metal concentrations in the fine-grain fraction < 20 um in
suspended solids, the uppermost sediment layer and in bulk sediments of the Hamburg area were evaluated to
detect possible impacts from flood events during the last decade. The sediments and the suspended solids of
the Elbe estuary consist of a mixture of higher contaminated solids from upstream and lower contaminated
material of marine origin. In the Hamburg area, this results in a gradient of contaminant concentration,
decreasing from the weir Geesthacht towards Wedel downstream of Hamburg, while the mixing ratio between
marine and fluvial suspended solids and sediments depends on the current hydrological situation. Typically,
after spring floods the suspended solids downstream from the port show a concentration peak of heavy metals
in the fine-grain fraction due to a low portion of solids of marine origin. If water discharge stays high during
summer, the mixing ratio between marine and fluvial suspended solids remains low. The uppermost sediment
layers show significant higher heavy metal concentrations during and also after extreme flood events due to a
high portion of fluvial material in the fine-grain fraction. Also, in bulk sediments, higher heavy metal
concentrations were recorded in the fine-grain fraction during flood events, while simultaneously the
sedimentation rate is low and the sediments are characterized by a higher amount of coarser fractions. An
analysis of heavy metal loads in dredged materials in the context of flood events is still to be carried out.

Introduction

In the Elbe catchment area, five flood events with extreme water levels (August 2002, March/April 2006, May
2010, January 2011 and June 2013) have been recorded in the last decade [1]. High discharge values were also
registered downstream the Saale confluence in January 2003 (fig. 1). Extreme water discharge levels in the
Elbe catchment area can lead to a mobilization of contaminated sediments as well as to an increased pollutant
load [2]. The objective of the present paper is to examine the influence of the hydrological situation on the
heavy metal content in sediments of the Port of Hamburg. For the Hamburg area, data on heavy metal
concentrations are available for suspended solids, the uppermost sediment layer (0-5 cm), and core samples
(0-1 m). These data are analyzed for year-to-year differences and influence of water discharge.

Heavy metal concentrations in suspended solids

Fig. 1 shows the cadmium concentration in the fine-grain fraction (< 20 um) of suspended solids, sampled
monthly at the sampling station Schnackenburg upstream of the weir Geesthacht and the two downstream
stations Seemannshoft (km 629) and Grauer Ort (km 660,5) (data from FIS, www.ffg-elbe.de). Compared to
Seemannshoft and Grauer Ort, the suspended solids above the weir Geesthacht contain markedly higher
cadmium concentrations (fig. 1). This also holds true for other heavy metals (zinc, mercury, lead, copper) and
is due to mixing of higher contaminated solids from upstream with lower contaminated material of marine
origin downstream of the weir [3].

Almost every year in spring, a concentration peak of heavy metals (Cd, Pb, Zn, Cu, Hg) occurs at Seemannshoft
und Grauer Ort (fig. 1). This can be explained by the hydrological situation: At high water discharges, which
typically occur in spring, the concentration of heavy metals in the suspended solids is high, i.e. the amount of
solids of marine origin is low — and vice versa [3]. In 2002 and 2010, the concentrations of Cd, Zn, Pb, Hg and
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Cu at Seemannshoft remained high during the whole summer (fig. 1 for Cd). In these years, water discharge in
summer was also high, so the proportion of marine particles in the suspended solids remained low. In 2011,
the concentrations of Cd, Zn and Hg remained high even some time after the flood events 2010 / 2011. The
reason for this is not clear.
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Fig 1: Cadmium concentration in fine-grain fraction < 20 um of suspended solids at sampling stations
Schnackenburg (km 474.5), Seemannshoft (km 629) and Grauer Ort (km 660,5) from 2000 to 2013 (three-mean
moving average) in relation to discharge at gauge Neu Darchau (km 536)

Heavy metal concentrations in surface sediments

Since the 1990s, the uppermost sediment layer (0-5 cm) is sampled each year in June at different stations over
the length of the port area (fig. 2). In 2011 and 2012, sampling was additionally carried out in July and
September/October. These recently deposited surface sediments represent — like a snapshot — the current
state of contamination at the time directly before sampling.

As expected, the cadmium concentration of the fine-grain fraction in the uppermost sediment layer shows a
gradient, with values decreasing from upstream to downstream stations due to mixing of fluvial with marine
sediments (fig. 2). Fig. 3 and fig. 4 show that in years, when flood events with extreme water levels occurred
(2003, 2006, 2010, 2011 and 2013), the concentrations of heavy metals in the fine-grain fraction < 20 um in
June were above average values, while the concentrations in July and October 2012 were significantly lower
(in 2002, samples were taken before the flood in August). In 2011, increased values in the uppermost sediment
layer were only recorded for Cd, Zn and Hg, while the concentrations of Cu and Pb were unremarkable (fig. 4).

When the heavy metal concentrations were significantly increased in the fine-grain fraction, the concentration
gradient over the length of the port was weak or not detectable (fig. 3), while the concentrations at the
upstream stations were comparable to other years (data not shown). This leads to the conclusion that at these
sampling dates the sediments in the uppermost layer were mainly of fluvial origin, without significant dilution
with marine material.
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In 2010 and 2013, sampling was carried out during high water discharges, when also the heavy metal
concentrations in the suspended solids at Seemannshéft had been above average (fig. 1). In 2011, water
discharge levels had decreased at the time of sampling, but the suspended solids still showed elevated values
of Hg, Zn and Cd (see above). In 2003 and 2006, the uppermost sediment layers were sampled after the
extreme flood events, when water discharge and heavy metal concentrations at Seemannsho6ft had already
decreased. This may indicate that the suspended particles in the near-bottom layer still show an influence of
the flood (i.e. high proportion of fluvial material) while its influence is no longer detectable in the upper part of
the water column, where the samples of suspended matter are taken from.

meg Cadmium kg DM < 20 pm
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Sampling Stations in Hamburg

Ciownstream Upstream

Fig 2: Cadmium concentration in the fine-grain fraction < 20 um of surface samples (0-5 cm) as mean values of
18 sampling dates from 2000 to 2013 (A: bars indicate standard deviation) and position of sampling stations 1-
12 (B)

Cd in fr. <20 um Downstream Sampling Station Upstream
1 3 12

2000 Jun

2001 Juni
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2003* Jun

2004 Jun

2005 Jun

2006 Jun

2007 Jun

2008 Jun

2009 Jun

2010* Jun

Jun

2011* Juli
Sept
Mai
2012** Juli
Okt
2013* Jun

Fig 3: Cadmium concentration in the uppermost sediment layer, fraction < 20 um (black: Cd > 5.5 mg/kg,
dotted: Cd 5.4-4.2 mg/kg, stripe: Cd 4.2-3 mg/kg, white: Cd < 3 mg/kg). Position of sampling station s. fig 2
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Fig 4: Statistical comparison of heavy metal concentration in the fine-grain fraction < 20 um of the uppermost
sediment layer (0-5 cm) 2000 - 2013 (two-way-ANOVA, factors sampling date and station, + significantly
higher, - significantly lower; maximum values underlined)

Heavy metal concentrations in dredged material

Though sediments in the port were analyzed regularly before dredging, not all areas had to be dredged in the
same frequency. Therefore, only three main dredging areas (SE, NE and KB, fig. 2) are considered for statistical
analysis. For these areas, sufficient data from sediment cores are available, covering the time span from 2004
to 2012 (NE) and 2013 (SE, KB), respectively. The heavy metal concentrations in SE are significantly higher than
in KB and NE due to its location in the upstream area of the port.

In all areas, the heavy metal concentrations in the sediments were significantly higher in 2010, 2011 and 2013
compared to 2012, whereas from 2004 to 2009, only minor variations over time were recorded (data not
shown). In 2010 and 2013, water discharge was high in the summer while the sedimentation rate was low.
Sedimentation was characterized by a low amount of fine-grain fraction. In 2011, not only core samples but
also suspended solids and the uppermost sediment layer showed increased concentration levels of Hg, Cd and
Zn in summer, though the water discharge had already decreased (see above).

Thus, the heavy metal concentrations in the fine-grain fraction reflect mainly the concentration level in the
uppermost sediment layer and in the suspended solids. Only in 2006, markedly higher values were recorded in
the uppermost sediment layer in June than in the core samples taken in July. This can be explained by the fact
that the sedimentation rate rose sharply between the two sampling dates, leading to a higher proportion of
marine material in the core samples.

Conclusion

On the one hand, high water discharge levels lead to an increase in heavy metal concentrations in the fine-
grain fraction of the sediments of the Port of Hamburg. On the other hand, they are accompanied by very low
sedimentation rates and a low proportion of fine-grain fraction in the sediment. An analysis of heavy metal
loads in dredged materials in the context of flood events is still to be carried out.

References

[1] FGG Elbe (2013): Darstellung des Hochwassers 2013 im Einzugsgebiet der Flussgebietsgemeinschaft (FGG)
Elbe. www.fgg-elbe.de, 36 S.

[2] Bohme M. et. al (2005): Schadstoffbelastung nach dem Elbe-Hochwasser 2002, Umweltforschungszentrum
— UFZ (Hrsg.), Magdeburg, 101 S.

[3] Schubert, B.; C. Pies and C. Heil (2009): Schadstoffmonitoring von Schwebstoffen und Sedimenten in
Astuaren. in: Aspekte des Schadstoffmonitorings an Schwebstoffen und Sedimenten in der aquatischen
Umwelt. 18. Chemisches Kolloquium am 16./17. Juni 2009- Tagungsband. BfG-Veranstaltungen 7/2009 68-75.

21



« g,
kY
%

. { — A {, gg c‘MGSJ
% ) Stav vod v povodi Labe - nové vyzvy —_—
= Gewasserzustand der Elbe - neue Herausforderungen N

POYODI 1ABE

Die Bedeutung hydrologischer
Extremereignisse fiur die Schadstofffithrung
der Elbe und ihrer Nebenfliisse

Schwartz R., Bergemann M., Keller I.
Behérde fiir Stadtentwicklung und Umwelt, Hamburg

Abstract

In the space of only one decade five extreme flood events happened in the catchment area of the Elbe, where
relevant flood driven pollution transport occurred by strong discharges. On the other hand five extreme low
water events appeared with very low discharges. Both hydraulic extreme shows a significant change in the
pollution regime of the Elbe and their tributaries compared to the annual average. This effected the
concentrations of the aqueous phase as well as the content of the suspended solids and the resulting loads of
typically Elbe inorganic and organic pollutants. The objective is to draw the attention to element specific as well
as typical regional characteristics by selected examples. This takes place in view of the importance the high
water driven remobilisation of partly highly polluted old sediments and the combined high water driven long-
distance transport, as well as the adequate weighting of high water events in the calculating procedure of
contaminant loads. Observing pollutant loads during long time low water phases it can be concluded to the
amount of the continuously entry of contaminants into the river system, for example by old mining drainage
tunnels or by inherited waste in or nearby waters. This knowledge is relevant for derivation of the geogene
background values and the establishment of less strict environment quality objectives.

Einleitung

Innerhalb nur eines Jahrzehntes hat es im Einzugsgebiet der Elbe fiinf Hochwasserereignisse gegeben, bei
denen es aufgrund sehr grolRer Abfliisse zu relevanten hochwasserbedingten Schadstofftransporten
gekommen ist. Andererseits kam es wahrend dieses Zeitraumes auch zu fiinf Niedrigwasserereignissen, mit
sehr geringen Abflissen. Beide hydrologische Extreme filihren zu einer signifikant gegeniliber dem
Jahresdurchschnitt veranderten Schadstofffiihrung der Elbe und ihrer Nebenflisse. Betroffen hiervon sind
sowohl Konzentrationen in der Wasserphase als auch Gehalte in Schwebstoffen und resultierend Frachten
elbetypischer anorganischer und organischer Schadstoffe. Von Bedeutung ist zum einen die hochwasser-
bedingte Remobilisierung von z.T. hoch belasteten Altsedimenten und der damit verbundene
hochwasserbedingte Schadstoff-Ferntransport, als auch auf die angemessene Wichtung von Hoch-
wasserereignissen bei der Ermittlung von Schadstoff-lahresfrachten. Uber die Betrachtung der
Schadstofffihrung wahrend ausgedehnter Niedrigwasserphasen lassen sich Riickschliisse bilden auf den Anteil
kontinuierlich in das Flusssystem eingetragener Schadstoffe, beispielsweise aus Altbergbau-
Entwasserungsstollen oder Altlasten im und am Gewasser. Diese Erkenntnisse sind relevant bei der Ableitung
von geogen bedingten Hintergrundwerten und der Festlegung von weniger strengen qualitativen Umwelt-
zielen gemall EG-Wasserrahmenrichtlinie. AuBerdem bilden die Ergebnisse einen wichtigen Baustein innerhalb
des Sedimentmanagementkonzeptes der FGG Elbe [1] zur Erreichung liberregionaler Handlungsziele.

Abbildung 1 zeigt die Abflussganglinie der Elbe am Pegel , Wittenberge” (D-Elbe km 453,9) der Jahre 2000 bis
2012. AuRerdem enthalten sind die Kennlinien fir die hydrologischen Extremereignisse (Hochwasser:
>1.080 m3/s sowie Niedrigwasser: < 278 m?3/s). Eine Uber- bzw. Unterschreitung dieser Kennlinien hat zur
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Folge, dass die in diesem Zeitraum gewonnenen Proben mit ihren Inhaltsstoffen (Wasserphase und Feststoffe)
im Folgenden im Vergleich zum jeweiligen Jahresdurchschnitt gesetzt werden.
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Fig. 1: Discharge hydrograph of Elbe River (Gauge ,Wittenberge” - German River km 453,9) including events
above and below the mean hydrological extremes

Auswirkungen hydrologischer Extremereignisse

Das Erkennen und Beschreiben der wesentlichen Ursachen der Schadstoffbelastung der Elbe und ihrer
relevanten Nebenfllsse, deren zeitliche und rdumliche Differenzierung, sowie die hiervon ausgehenden
Risiken fir die Umwelt, stehen seit Langem im Fokus [2]. Insbesondere nach dem Extremhochwasser der Elbe
vom August 2002 stellte sich die Frage nach der hochwasserbedingten Schadstoffverfrachtung [3]. Flr das
Elbegebiet unterhalb der deutsch-tschechischen Grenze wurde ein Messprogramm fiir hydrologische
Extremereignisse (Hochwasser/Niedrigwasser) durch die Flussgebietsgemeinschaft Elbe (FGG Elbe) im Jahr
2012 erstellt [4] und erstmalig fir das Elbehochwasser 2013 umgesetzt [5]. Zusatzlich zu den extremen Hoch-
wasserereignissen - die zumeist im Blickfeld des Interesses stehen - werden an dieser Stelle auch die extremen
Niedrigwasserereignisse im Hinblick auf die Schadstofffihrung eingehend betrachtet.

Wasserphase

Aus den Box-Plots der Abbildung 2, die die Quecksilber- und Kupferkonzentrationen (Probenahmestation
,Seemannshoft” (D-Elbe km 628,9), Abfluss-Bezugspegel ,Neu-Darchau“ (D-Elbe km 536,4), Wasserphase
(gelost, filtrierte Probe), Zeitraum 2000 - 2012) wéahrend hydrologischer Extremereignisse in Relation zum
langjahrigen Mittel zeigen, wird beispielhaft deutlich, dass sich elbetypische anorganische und organische
Schadstoffe (elementspezifisch) entweder wahrend der Hochwasserphasen (z.B. Hg) oder wéahrend der
Niedrigwasserphasen (z.B. Cu) aufkonzentrieren. Ersteres deutet darauf hin, dass es im Hochwasserfall zu
einer anlassbezogenen Schadstofffreisetzung (z.B. aufgrund der Riicklésung aus hoch belasteten
Altsedimenten) kommt; letzteres darauf, dass es sich um einen kontinuierlichen, aktuellen Stoffeintrag (z.B.
Uber die Entwésserungstollen des Altbergbaus) handelt.
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Fig. 2: Mercury and Copper concentrations during hydrological extremes in relation to longtime average

Feststoffphase

Die Box-Plots der Abbildung 3 zeigen die Quecksilber- und Kupfergehalte (Probenahmestation
,Seemannshoft”, Abfluss-Bezugspegel ,Neu-Darchau”, Feststoff (frische schwebstoffbirtige Sedimente),
Zeitraum 2000 - 2012) wahrend hydrologischer Extremereignisse in Relation zum langjahrigen Mittel. Deutlich
wird, dass es wahrend der extremen Hochwasserereignissen zu erhéhten Gehalten kommt (Remobilisierung
von hoch belasteten Altsedimenten). Extreme Niedrigwasserphasen - zumeist wahrend der Sommermonate -
haben dagegen zur Folge, dass es zum einen zum Absinken der mineralischen (hoher belasteten) Partikel
kommt sowie zum anderen zu einer relativen Abreicherung infolge der verstarkten Bildung organischer
Partikel (Algenblite).
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Fig. 3: Mercury and Copper contents during hydrological extremes in relation to longtime average
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Frachten

Aus der Abbildung 4, die den relativen Anteil der partikularen Monatsfracht von Quecksilber und Kupfer an der
jeweiligen Jahresfracht zeigt (Probenahmestation ,Schnackenburg” (D-Elbe km 474,6), Pegel , Wittenberge”
(D-Elbe km 456,3), Zeitraum 2000 - 2012) wird deutlich, dass Hochwasserereignisse maligeblichen Einfluss auf
die Schadstoff-Jahresfracht nehmen koénnen. Je nach Hochwassertyp (Quellregion) und hydrologischer
Vorgeschichte kénnen die monatlichen Frachtanteile Gber 40 % der Jahresfracht ausmachen.
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Fig. 4: Comparison of discharge and relative proportion of monthly to annual load of particulate mercury and
copper

Fazit

Hydrologische Extremereignisse nehmen elementspezifisch (und sicherlich auch rdumlich differenziert)
wesentlichen Einfluss auf die Schadstofffihrung der Elbe und ihrer diesbeziglich relevanten Nebenflisse.
Bedeutsam sind diese Ergebnisse z.B. bei der angemessenen Wichtung von Hochwasserereignissen bei der
Ermittlung von Schadstoffjahresfrachten. Uber die Betrachtung der Schadstofffiihrung wihrend ausgedehnter
Niedrigwasserphasen lassen sich z.B. Rickschliisse auf den Anteil kontinuierlich in das Flusssystem
eingetragener Schadstoffe bilden. Diese Erkenntnisse sind bei der Ableitung von geogen bedingten
Hintergrundwerten und der Festlegung von weniger strengen qualitativen Umweltzielen zu beachten.
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A new approach to nutrient recycling in
small river basins-importance of fish ponds
nutrients and suspended solids retention

Potuzak Jan, Duras Jindrich

Introduction

Fish ponds are important part of hydrological system of the Czech Republic. They naturally have a high
retention potential for nutrients coming from non-point, diffusion and small point sources. High amount of soil
erosion particles and nutrients generated from these sources are deposited in fish ponds and they are thus
available to nutrient recycling in small river basins. Crucial role plays fish pond sediment, mostly containing
high amount of nutrients [1]. These nutrients (especially phosphorus) represent potential eutrophication risk
for surface waters in the lower part of a river basin. From this point of view, fish pond harvesting is an
important moment when high amount of suspended solids and particulate phosphorus is transported
downstream [2, 3]. Current areal rape and corn growing together with unsustainable agricultural management
and characteristic of field structure highly increase erosion processes of agricultural land. This situation results
in high loss of soil particles rich in nutrients and decrease of organic matter as well as general decline of soil
fertility [4]. It is therefore important to focus on possibilities to return nutrient rich fish pond sediment back on
the field and refresh nutrient cycle in the landscape. The main aim of this paper is to present important results
of our investigation including new approach of nutrient recycling and effective landscape management.
Proposed concept could reduce high level of eutrophication of surface waters, decrease of water reservoirs
infilling and also elimination of nutrients and soil particles loss from agricultural landscape.

Material and methods

Povodi Vitavy, state enterprise, has been carrying out systematic monitoring nutrient balances of important
fish ponds in upper Vltava river basin since 2010. The main hydrologic characteristics are shown in table 1.
Detailed description of sampling and process of balance evaluation were described in [5, 6, 7].

Results and discussion

We selected nine large fish ponds (60 - 449 ha) with a different fishery management and trophic state (slightly
eutrophic to hypertrophic). Two fish ponds were extensively managed (Starikovsky and Hejtman 1), without
manuring and supplementary fish feeding. Semi-intensive, two years long (harvesting every two years) fish
pond management with both manuring and supplementary feeding was practised on the other fish ponds.
Total fish production varied between 278 — 1,057 kg ha™ per fish breeding cycle. The amount of applied
organic manure and the feed consumption for the same period was 2,000 — 3,600 and 390 — 1,800 kg ha™,
respectively. Systematic monitoring aimed at mass balance of these ponds was carried out in period 2010 -
2013. The real retention of the total phosphorus (TP) and suspended solids (SS) was — 33 to +79% and — 372 to
+71% per year, respectively. Retention of the TP and SS was influenced by several factors such as the fish pond
harvesting, hydromorphology, outflow depth, fishery management etc. The total specific outflow of TP and SS
from fish pond river basin varied between 9.7 to 112.1 kg km™? y™* and between 992 to 18,078 t km™ y™
respectively. The highest total specific outflow of SS and the second highest outflow of TP was found from the
drainage basin of the fish pond Horusicky where arable land covered almost 60 % of its area and high influence
of soil erosion appeared. The highest total annual specific outflow of TP was recorded during the mass balance
monitoring of the fish pond Buzicky (tab. 2). The highest load of TP (more than 80% of the whole TP input)
came from point pollution sources especially from the waste water treatment plant (WWTP) Blatna. This
WWTP was not equipped by P elimination technology and moreover functioning of discharge relief was far
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from optimum. Despite of very high load of organic and P pollution fish pond Buzicky exhibited one of the
highest real retention of TP (tab. 2).

Draining and fishponds harvesting seriously impacted annual TP and SS retention (tab. 2). The amount of the
TP and SS outflowing from fishponds during harvesting varied between 0.04 to 4.5 t and 28 to 1,972 t
respectively and formed 0.4 — 26% and 0.7 — 55% of the total annual TP and SS outflow. Therefore, it is
important to mitigate the concentration of TP and SS in outflowing water during the fish pond harvesting [1,
2]. One possibility is dredging of sediments form fish collecting pool before the harvest begin. This practise
appeared to be relatively effective. For example, during the dredging of sediments from the Horusicky
fishpond collecting pool 1.5 t of TP was removed [8]. Considerable amount of P compounds and suspended
solids could be removed from the water system as prevention of eutrophication risks and stream bed clogging
with mud. Paralelly, (usually) valuable material with high potential for subsequent use is obtained.

Conclusions

Fish ponds have considerable potential for TP and SS retention and they are important transformation
elements which could play an important positive and/or negative role in transport processes in catchments.
We see good opportunity to control eutrophication using fish ponds in the system of P recycling in small river
basins (fig. 1).

Excepting fish production, sediments were important profit from fish ponds in the past. These sediments were
important in fertilising of farmland. Gradual development in sediment mining technologies, implementation of
mineral fertilisers, increasing of allochtonous compounds in the environment and more restrictive legislative
requirements, cause the decrease of the interest in the fish pond sediment utilising. During fish ponds
harvesting, sediments are transported down the stream often without any control and finish their way in large
water reservoirs. Sediment mining from large water reservoirs is — as well as sediment transport - very
expensive and therefore non-effective. Moreover, extensive risk of contamination threatens the sediment
during the transport through the river basin. What could disable subsequent use of the sediment i.e.
application on the arable land. Most of people see in fish ponds only their fish production function. But, fish
ponds could provide many all-society important functions for example: water retention and enhancement of
short water cycle, retention of nutrients from small point sources, natural waste water treatment in conditions
where building of classic WWTP is unrealistic. The only thing is to prove and to evaluate all this potential
properly maybe by the means of ecosystem services approach.

We are confident that the time came to actively use fish ponds for retaining nutrients and for recycling them
(+ matter from erosion). It seems that integrated management of drainage basins based on ecosystem services
and recycling of water and nutrients are the only chance for better water quality of many water bodies
affected by eutrophication.

Table 1: Basic hydrological characteristics of investigated fish ponds during 2010 — 2013 (HRT — hydraulic
retention time).

Locality Year HRT Area Volume River basin area
[days] [ha] [10° m?] [km?]
Rozmberk 2010 - 16-24 449 5,953 1,381.3
Horusicky 2012 - 2013 84 -230 415 3,970 56.6
Starnikovsky 2011 96 246 6,330 122.2
Dehtar 2011 -2012 146 — 445 246 4,257 -5,168 91.1
Labut 2012 - 2013 91-146 100 1,873 37.8
Hejtman | 2011 17 80 1,460 166.8
Ratmirovsky 2012 15 78 1,300 169.6
Hejtman I 2012 19 68 1,600 142.3
Buzicky 2012 - 2013 24-61 60 900 47.8
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Table 2: The annual real and potential retention of the total phosphorus (TP), the real retention of suspended
solids (SS), the total annual specific outflow of TP and SS from fish ponds river basins.

. Retention of | Total annual specific outflow
Retention of TP . . .
Locall v SS from fishpond river basin
ocality ear Real Potential** Real TP SS
(%] | [t] [[%]]| I[t] [%] [t] |[kgkm?y’1[ [tkm?y"]
2010*| -7 | -1.86 | 28 | 7.81 | -129 | -3217 20.2 1,803
RoZmberk 2011 | 6 0.80 | 32 | 4.32 -75 | -1026 10.3 992
2012*| 9 | -1.77 | 29 | 5.78 -40 [ -1089 14.4 1,084
L 2012 | 79 | 2.87 | 59 | 2.14 71 303 64.0 7,581
Horusicky
2013*| -15 | -0.53 | 47 | 1.71 -2 -18 64.1 18,078
Starikovsky 2011 | 66 | 1.63 | 48 | 1.20 71 230 20.4 2,700
Dehtaf 2011 | 45 | 043 | 67 | 0.64 39 41 10.4 1,156
2012*| -33 | -0.64 | 54 | 1.06 | -372 | -763 215 2,250
Labuf 2012*| -18 | -0.10 | 47 | 0.28 | -224 | -130 12.8 1,535
2013 | -13 | 0.11 | 48 | 0.40 -13 -22 22.1 4,404
Hejtman | 2011 |1 29 | 0.48 | 28 | 0.47 29 76 9.7 1,557
Ratmirovsky |2012*| 1 0.07 | 27 | 1.44 6 57 32.2 5,227
Hejtman li 2012*| 9 049 | 30 | 1.51 -1 -10 36.5 5,452
L. 2012 | 61 | 2.88 | 43 | 2.01 -56 -76 97.9 2,844
Buzicky
2013*| 34 | 1.83 | 32 | 1.72 -34 -117 112.1 7,293
* the year of the fish pond harvesting
** according to Hejzlar et al. 2006
RISK OF
CONTAMINATION !
, : TN Agrotechnology

Fishpond
managemend

Sediment

Sedfmenta_t}on tank or pond
Fish production <:| Drainage bags
Purposely spillage

E

Fig. 1: The diagram of the total phosphorus (TP) and suspended solids (SS) recycling in the small river basin
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Kdyz acidifikace ustupuje...

Duras Jindfich, Potuzak Jan

Resumé

Despite of the fact that process of acidification is relatively well known we are often disappointed by
“unexpected” consequences of recovery of formerly acidified lakes. It is difficult to present systematic data
because proper monitoring was conducted at several localities only. Subsidence of acidification is often
followed by increased trophic state of a reservoir. Phosphorus cycle is influenced not only by chemical factors
(decreased Al input, absence of nitrates as redox buffer that enables control of P by Fe), but by biological
changes, too. Cyprinid fish proliferate and eliminate large species of zooplankton, submersed macrophytes are
restricted by lower transparency of water turbid by algae, etc. Drinking water use of the water is also
threatened by increased concentrations of humic substances. Situation developes in different watersheds in
different ways and prognoses are still not reliable.

rd

Uvod
Acidifikace je znamy fenomén, jenz doprovazel rozvoj predevsim tézkého prlmyslu. Pfi¢ina acidifikace, tedy
vysoké emise SO, a ¢asteéné i NO,, u? byla z velké ¢asti odstranéna: v CR poklesly roéni emise SO, od roku 1990
na méné nezZ desetinu a emise NO, na necelou polovinu, pficemZ nejdramatic¢téjsi zména se odehrala do r.

2000 (udaje CHMU). Tim byl poloZen zdklad k tomu, aby se acidifikované ekosystémy zalaly vracet do
»plvodniho” stavu.

1 n, i 2 R
: g‘? ;
Fig. 1: Regions where changes of water quality were : ST g
systematically monitored:

1/ Cesky les (Béhmischer Wald), MZe River upstream
the city Tachov (Lucina)

2/ Sumava (Béhmerwald): Vltava inflowing Lipno
Reservoir (Pékna) and Otava River upstream the city

Susice W AN N 4@5 o
: | ! T

3/ Brdy: Obecnice Reservoir near Pfibram

L;tes-k\é Budéjiwi:e
4/ Karhov Reservoir near JindFich(iv Hradec 2 2 [
o 4 e
5/ Mal$e River inflowing Rimov Reservoir (Pofedin) < | Q.F"'f #
'-\__-.-‘r'v:.l_:
5

Navrat do touZebné ocekdvaného “plvodniho” stavu s sebou ovsem nese potize, které nebyly zcela
ocCekavany: zvySené vyplavovani huminovych latek z raselinnych oblasti a zvySovani trofie dfive v zasadé
bezproblémovych vodarenskych nadrzi. Mechanismem procest probihajicich v pldach, kde se rozhoduje o
vlastnostech vody infiltrujici do povrchovych vod, se u nas soustavné zabyva napt. tym prof. Kopacka, napf. [1].
Depozici siranl a dusi¢cnanli dochazi nejen ke zménam kyselosti pldniho roztoku (rozpousténi Al a dalsich
kovu, které toxicky pUsobi na metabolismus pud), ale také k dotaci redox aktivnich latek do prostredi s vysokou
zasobou organického uhliku (raselina a raselinné pady) a k vyrovnavani poméru biogennich prvk( prisunem N.
Dasledkem jsou zmény ve vyplavovani DOC — aktivné se uplatiuji ovSsem i dalsi faktory, jako napf. teplota,
hydrologicky rezim, potencialné i korfenovy systém rostlin (zejména vrb) a dalsi [2]. Unikatni kombinace a vyvoj
jednotlivych faktord brani Siroké aplikaci zjisSténych poznatk(. Proto predkladame nékolik praktickych vysledkd,
které snad umozni lepsi pohled na problematiku ustupujici acidifikace.
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Brdy: vodarenska nadrz Obecnice
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Fig. 2: Drinking water reservoir Obecnice. trends of water quality parameters associated with process of
acidification. Annual means. KNKy s = ANC, 5; CHSKy, = CODpp.
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Flg. 3: Reservoir Obecnice. Trends of two trophic indicators: concentration of maximum and mean algal
biomass (Chlorophyll a) and water transparency (Prihlednost). Mean values IV.-IX.
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stéle stoupajici trend CHSKy,,. Zaroven je porad jesté neukoncena reakce ekosystému nadrze samotné. V rybi
obsadce se prosazuje okoun a kaprovité ryby (lin, perlin, plotice), také Stika. Trofie nadrze stale stoup3, jak je
vidét z vyvoje maxim a priimérnych hodnot chlorofylu a a z poklesu prahlednosti vody (fig. 3).

Vodarenska nadrz Karhov

Mala prehradni nadrz (26,6 ha, 0,285 mil m?, 668 m n. m.) slouZila pfed nastupem acidifikace (50. léta 20. stol.)
jako bézny stfedné Uzivny rybnik. Po acidifikaci, kterd s sebou pfinesla i oligotrofizaci, byl chov ryb opustén a
bylo zahajeno vodarenské vyuzivani, které pokracovalo az zhruba do r. 2005, kdy doslo k prudkému narGstu
biomasy fytoplanktonu (r. Gonyostomum) a voda se stala neupravitelnou.

CHSKpn a2 HUMINY (mg #1) NO;-N a Fe celk. (mg +7) CHLOROFYL a
14 - 1.8 - 100
12 4~ =—o=—CHSKMn 144 == O3-N " a0 J
10 4 —=—Hurminy 1.2 4 —¥—Fe celk
14 i7 B0 4
8 i
GIB_ g
6 B Lo g & UB A X\,‘x/{/ \x/ 4D o
4 4 ' 0.4
7 3 20 1
24 Wf 024 X-'—*“X")Kﬁx::g‘x"—'r\{
0 Poeem s — . 0 ——— ———— — 0 : — —t =
S B 5 S S c8:° s BEsgeEEEss BEEEgEEEECE
2 2 2 8 8 &8 8 B8 & = & &8 & 8 8 & &8 & 228 8 &8 &8 &8 8

Fig. 4: Drinking water reservoir Karhov. Trends of annual mean concentrations of humic substances (as CODy;,
and Humic compounds), nitrate nitrogen with total Fe and biomass of algae (as Chlorophyll a)

Snizeny pfisun Al v jarnich mésicich jednak uvolnil reprodukci kaprovitych ryb (lin, perlin, plotice) a jednak uz Al
nebyl schopen efektivné odstranovat fosfor z vodnicho sloupce. Zaroven snizeny obsah dusi¢nanovych iontd
nedokazal pufrovat pokles redox potencidlu za anoxickych podminek u povrchu sedimentu, Fe tak prechazelo
do vodniho sloupce a s nim i slouceniny P. Tim doslo k podpore ristu fytoplanktonu a vzniku vegetacniho
zakalu, jenZ znamenal zastinéni, a tedy konec populaci vodnich makrofyt (vymizel chranény druh pobieZnice
jednokvéta Litorella uniflora). Paralelné se uplatnil i pro-eutrofizacni vliv rybi obsadky (potlaceni vétsiho
zooplanktonu a pfima recyklace P). Vodarna musela byt urychlené rekonstruovana, protoze situace neméla
jiné (limnologické) reseni.

Je otazka, zda situaci ve VN Karhov mlzeme jiZ povaZovat za stabilizovanou, jak by naznacovala nejen vétsina
chemickych parametr(, ale také vyvoj biomasy fytoplanktonu.

Vodarenska nadrz Lucina u Tachova

Pomérné pritocna nadrz s vyraznou reakci na Ustup acidifikace (fig. 5). Kolem r. 2000 se projevilo i zvyseni
trofie jako sniZeni prdhlednosti vody a zvySeni biomasy fytoplanktonu, véetné vodniho kvétu sinic (fig. 6).
Situace v nadrZi se zifejmé postupné stabilizuje, ale Uroven trofie zUstavd mirné vyssi nez v dobé plsobeni
acidifikace, a to i presto, Ze zdrojl fosforu v povodi nadrZe spiSe ubylo a vstup P do nadrze se mirné snizil.

R L. S 1 CHSKy,, (mg!”) 4 .. NOs-N aFe celk. (mg ') '3
2
5
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Fig. 5: Drinking water reservoir Lu¢ina. Water quality trends (CHSKy,, = CODy,, Fe celk = Fe tot)
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Fig. 6: Reservoir Lu¢ina. Trends of two trophic indicators: water transparency and concentration of algal
biomass (Chlorophyll a)

Ostatni lokality

Fenomén ustupujici acidifikace Ize pozorovat v fadé povodi, kde se mlze projevovat velmi specificky. Napriklad
v zdpadni ¢asti Sumavy (Zeleznorudsko), kde je obsah huminG v povrchovych vodach nizky, sice nachazime
zvysené hodnoty pH a pokles obsahu dusi¢nani a siran(, ale CHSKy,, se méritelné nezvysuje.

Zjimava je situace v povodi Mal3e. V profilu Pofe$in (Usti do VN Rimov) je doloZen sice vyrazny pokles obsahu
siranl i dusi¢nanll a vzrast koncentrace Fe, ale hodnoty pH se v zasadé nezménily a obsah huminovych latek
(CHSK») se zdd po zvyseni v letech 2008-2010 vracet k predchozim hodnotam.

Horni tok Vitavy na pfitoku do VN Lipno vykazuje ve vétsiné ukazatelll obdobny pribéh (pokles koncentraci
siran( a dusi¢nan, vzestup Fe), ale obsah Ca se opét mirné zvySuje (zemédélstvi?), hodnota pH naopak spise
klesa a vzrlist hodnot CHSK,,, neni tak vyrazny. Odezva nadrze, kde se soustavné prihlednost naopak mirné
zvySuje a biomasa fytoplanktonu zhruba z(stava stejna, je zfejmé ovlivnéna predevsim opatienimi v povodi,
kde byla zavedena eliminace P i u malych bodovych zdrojl znecisténi (rekreacni objekty).

7 4

Zavery

Se zhor$enim jakosti vody zejména ve vodarenskych nadrZich po ustoupeni acidifikace nikdo nepoc¢ital. Redeni
naléhavych kauz proto neni jednoduché nejen vlivem nedostatku poznatk(l zakladniho vyzkumu, ale i
nedostatkd v dfivéjsim i aktudlnim systému monitoringu jakosti vod, kde chybi dostatecné casové rady
relevantnich ukazatell. Z téchto dlvod( a také proto, Ze ekosystémy se zménou srazek nevraceji do
,plvodniho” (moznd predpovéditelného?) stavu, ale ,nékam jinam”, je velmi obtizna jakakoli predpovéd
dalsiho vyvoje situace v postizenych lokalitach. To cCini obtiznym napfiklad navrhy rekonstrukci vodarenskych
technologii. Proto se autoti rozhodli informovat alespon o vysledcich ziskanych na nékolika odlisnych lokalitach
a vybizeji k cilenému prizkumu (véetné adekvatniho monitoringu) acidifikovanych oblasti.
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Vyznam Biliny jako historického
a soucasného zdroje znecisténi
pro nakladani se sedimenty v povodi Labe

Jifi Medek

Resumé

This study on polluted sediment was suposed to identify areas of concern according to their relevance
on occurence of polluted sediments in the lower course of Bilina river and lower course of the Czech part of Elbe
river basin and identification of those sites that pose the greatest risk to downstream areas in terms
of distribution contaminated material. The content of pollutants and their relevance within the areas
of concern in the Elbe river basin, sediment amounts estimation, risk of sediment remobilization during extreme
flows are mentioned. This project was supported by the Free and Hanseatic City of Hamburg as a part of ELSA
project.

Uvod
Povodi Labe, statni podnik, byl nositelem projektu na vypracovani studie, kterd méla nalézt lokality

s kontaminovanymi sedimenty a posoudit vyznamnost rizika téchto lokalit pro management sediment(
v mezindrodnim povodi Labe.

Zamér projektu

Povodi feky Biliny, zejména ve své dolni ¢asti, zahrnuje oblast, ktera byla v minulosti velmi ovlivnéna lidskou
¢innosti (tézba a zpracovani hnédého uhli, chemicky prlimysl, energetika, rozsdhlé zmény charakteru krajiny
a terénni Upravy, skladky priimyslového a komundlniho odpadu, rozvoj lidskych sidel apod.). Problematice
ochrany Zivotniho prostredi véetné ochrany hydrosféry vsak nebyla v minulych dobach vénovana odpovidajici
pozornost, takZze povodi Biliny patfilo koncem 80. let z hlediska Zivotniho prostredi k nejvice zatizenym
oblastem s celou radou negativnich dopad( jak na kvalitu ovzdusi, tak na kvalitu hydrosféry. Znecisténi reky
Biliny bylo velmi vysoké, coZ se negativné projevovalo nejen v kvalité ficni vody, ale i v kvalité sedimentu.
Alarmuijici byly nejen hodnoty zakladnich chemickych ukazatel(l (nerozpusténé a rozpusténé latky, ukazatele
oxidovatelnosti, kyslikové deficity), ale typické byly i zvySené nalezy organickych chlorovanych polutantd (napf.
DDT, HCB, PCB), fenolickych latek ¢i zvySené obsahy nékterych kovl (napf. rtuti). Zdrojem této kontaminace
byl pfedevsim chemicky priimysl v ZaluZi u Litvinova a v Usti nad Labem, té%ba hnédého uhli a plynarenstvi.
Svij negativni podil mély i necisténé pramyslové a komunalni odpadni vody a nezabezpecené skladky. V fece
Biliné dochazelo k usazovani sedimentd, jejichZ kvalita byla negativné ovlivnéna kvalitou vody a které se
stavaly potencidlnim rizikem pro budoucnost. Znecisténi reky Biliny a jejich sediment( predstavovalo problém
i pro feku Labe, kam Ficni voda véetné kontaminovanych plavenin odtékala a kam byly epizodné posunovany i
Fiéni sedimenty. Znecisténi feky Biliny negativné ovliviiovalo cely Usek ¢eského Labe mezi Ustim nad Labem a
statni hranici. K usazovani sedimentld vtomto Useku dochazi v omezené mite v protékaném koryté reky,
vyznamnéjsi objemy sedimentl se nachazeji v bifehové zéné a v okoli koncentracnich hrazek. UloZeni téchto
sediment( je za normalnich hydrologickych podminek relativné stabilni, riziko odnosu téchto sedimentl vsak
hrozi epizodné pfi velkych pratocich, napf. za situace preliti koncentracnich hrazek.

Problematika fi¢nich sediment( véetné modelovani jejich usazovani, resp. odnosl a dalSich kvantitativnich
charakteristik byla feSena v ramci pfipravnych praci a studii na splavnéni tohoto Useku Labe, resp. na vystavbu
plavebniho stupné Brezno. Hlavni pozornost byla vSak vénovana sedimentlm v koryté feky, resp. v plavebni
draze, ostatni aspekty vcetné koncentracnich hrazek byly reSeny pouze okrajové ¢i nebyly rfeSeny vibec.
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RovnéZ otdzce kontaminace téchto sediment(l nebyla vénovana patficna pozornost. V zajmové oblasti je
nékolik profil(, na kterych probihal a probiha pravidelny monitoring jakosti vody. Monitoring sedimentd, resp.
pevnych matric byl a je omezen pouze na nékteré profily, napf. na profil u méfrici stanice Labe — Décin, ktery je
zarfazen do mezinarodniho programu méreni Labe (Mezinarodni komise pro ochranu Labe) nebo na profil Labe
— Strekov, ktery charakterizuje situaci nad zausténim reky Biliny do Labe. Systematicky monitoring sedimenta v
dolni ¢asti povodi Biliny nebyl provadén.

V roce 2010 byly némeckou stranou pozorovany epizodni zvysené vyskyty DDT v hrani¢nim profilu Labe —
Hrensko-Schmilka, které byly potvrzeny ¢eskou stranou. Tyto ndlezy svédcily o tom, Ze na Ceské strané se stale
vyskytuje potencidlni zdroj kontaminace, z néhoZz muiZe dochazet k epizodnimu uvolfiovani nékterych
znecdistujicich latek, coz negativné ovlivriuje kvalitu sedimentd, resp. hydrosféry nize po toku. V této souvislosti
bylo provedeno vroce 2011 $etfeni Ceskou inspekci Zivotniho prostfedi za Uéasti Povodi Ohfe, statniho
podniku. Zavéry potvrdily, Ze moznym zdrojem kontaminace je oblast soutoku Biliny a KliSského potoka
v oblasti Usti nad Labem. Soucasné se jevilo jako velmi pravdépodobné, 7e vedle omezeného mnoistvi
kontaminovanych sedimentd v povodi feky Biliny je potfeba hledat dalsi lokality s kontaminovanymi sedimenty
na Labi v useku od Usti nad Labem po statni hranici. Vy$e uvedené skute¢nosti vedly k navrhu projektu
na vypracovani studie “Vyznam Biliny jako historického a soucasného zdroje znecisténi pro nakladani se
sedimenty v povodi Labe”.

Hlavnim cilem bylo odstranit informacni deficity tykajici se zejména:
e mnoistvi uloZzenych sedimentl v dolnim povodi feky Biliny a v dot¢eném Useku feky Labe,

* miry kontaminace téchto sedimentl znedistujicimi latkami, zejména ldtkami typu DDT a HCB,
jejichZ potencidlni historicky zdroj byl v povodi Biliny prokazan, a dale dalsimi latkami ze seznamu
relevantnich znecistujicich latek pro nakladani se sedimenty, ktery schvaélila ad hoc skupina
expertd Management sediment( Mezinarodni komise pro ochranu Labe,

e potencidlné rizikovych lokalit s ulozenymi sedimenty a jejich moZzném uvolfiovani a nasledném
transportu ve vazbé na hydrologické poméry.

Redend oblast zahrnovala feku Bilinu od jezu Jifetin po soutok s Labem a feku Labe od Stfekova po statni
hranici. Na rfeSeni studie se vedle Povodi Labe, statniho podniku jako nositele projektu podileli dalsi partnefi:
Povodi Ohte, statni podnik, Pfirodovédecka fakulta Univerzity Karlovy a spolecnost DHI, a.s. Praha. Projekt byl
zahdjen na podzim roku 2012, vétsSina praci byla provedena béhem roku 2013 a jeho ukonceni probéhlo
v dubnu 2014.

Vysledky

V ramci studie byla zpracovana rozsahla reserse. Na jejim zakladé a na zakladé mistnich znalosti spravcl
povodi doplnénych terénnim prizkumem byly vytipovany konkrétni lokality, ve kterych mulzZe dochazet
k ukladani sedimentl. Tyto sedimenty s obsahem Skodlivych latek mohou jako starad zatéz predstavovat riziko
pro management sedimentl niZze po toku v mezindrodnim povodi Labe.

Byly navrZieny vzorkovaci plany pro Bilinu a Labe. Hlavni pozornost byla u feky Biliny vénovana mistim
s uloZzenymi sedimenty v toku. Hlavni pozornost byla u feky Labe vénovana bo¢nim strukturam, které jsou sice
spojeny s fekou, ale jsou protékany jen za vyssich pratokd, tj. prostordm za koncentracnimi stavbami, starym
ramenlm, pfistavnim bazénim apod. Celkem bylo studovdno 18 lokalit na Labi véetné dvou pozadovych
a 9 lokalit na Biliné. V souladu se vzorkovacimi plany byly s pouZitim standardnich akreditovanych postupt
odebrany vzorky, které byly nasledné analyzovdny s pouzitim akreditovanych standardnich zkusebnich metod.
U odebranych vzorkd byly rovnéz provedeny zrnitostni analyzy, jejichz vysledky byly vyuZity pti odhadu rizika
remobilizace sediment(. Vzhledem k povodrové situaci v ¢ervnu 2013 musely byt odbérové prace a analyzy
zopakovany v ¢ervenci 2013, aby vysledky odpovidaly aktualnimu stavu po této extrémni povodni.

Z hlediska kvality sediment( byla zmapovana mira kontaminace sediment( v jednotlivych lokalitach, pricemz
byly pro skodlivé latky relevantni pro Labe vyuZity dolni a horni prahové hodnoty uvedené v zavérecné zpravé
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,Spravna praxe pro nakladani se sedimenty v povodi Labe“, ktery zpracovala skupina expertd Management
sedimentl Mezindrodni komise pro ochranu Labe. Lze konstatovat, Ze u sedimentll ze vSech sledovanych
lokalit jsou prekracovany horni prahové hodnoty, tj. jejich kvalita je z pohledu managementu sedimentd
v mezindrodnim povodi Labe nevyhovujici a rizikova. Na Labi se jedna zejména o vyznamné zvysené obsahy
p,p’-DDT a jeho metabolitl a hexachlorbenzenu, jejichZz zdroje jsou, resp. byly ve sledované oblasti na Labi
a Biliné. Dale jsou vyznamné zvysené obsahy nékterych kovi a metaloidd, zejména rtuti, kadmia, olova, médi,
zinku a arsenu. Zatimco ke kontaminaci sedimentl olovem, arsenem, médi a ¢astecné rtuti pfispivaji zdroje
ve sledované oblasti, u zinku, kadmia a ¢astecné rtuti pochazi vyznamné znecisténi z oblasti povodi Labe vyse
po toku. Extrémni kontaminace médi v oblasti Povrly patrné souvisi s mistni kovohuti. Nebyla prokazana
kontaminace labskych sedimentl pentachlorbenzenem aisomery hexachlorcyklohexanu, ojedinélé nalezy
souvisi se zdroji v povodi Biliny. Obsahy polychlorovanych bifenyll vykazuji rozkolisané hodnoty, které
souviseji s plosSnou kontaminaci v celém povodi Labe. Zdroje téchto latek a negativni ovlivnéni ve sledovanych
oblastech nebylo prokazano. Vyznamna je i kontaminace polycyklickymi aromatickymi uhlovodiky, jejichz
zdroje leZi jak vySe po toku, tak ve sledované oblasti, zejména v povodi Biliny. Na kontaminaci sedimentt
témito latkami se pravdépodobné spolupodili i lodni doprava, nebot nejvy$si nédlezy jsou zejména v oblasti
pfistavnich bazénl. Souvislost s lodni dopravou je rovnéZ patrnad u tributylcinu, jehoZ nejvyssi nalezy jsou
v oblasti pristavnich bazénl. Na Biliné se jednd o zvySené obsahy téZzkych kovl a metaloidd, zejména rtuti,
kadmia, médi a arsenu. Vysoké obsahy jsou v témér celé sledované oblasti, nejvyssi nalezy byly v oblasti Zaluzi
a v Usti nad Labem. Zvy$ené obsahy p,p’-DDT a jeho metabolitd byly prokazany pouze v nékterych lokalitach,
zejména v oblasti Komotany a v Usti nad Labem, pficemz vysledky jsou znacéné rozkolisané. Kontaminace
hexachlorbenzenem byla prokdzana pouze v zavére¢ném Useku v Usti nad Labem, takie pravdépodobné
souvisi s chemickym pridmyslem vtéto oblasti. Vyznamna je kontaminace isomery hexachlorcyklohexanu
zejména v oblasti Zaluzi a Komorany, kde jsou obsahy u nékterych vzork(l extrémni. Toto znecisténi patrné
souvisi s mistnim chemickym primyslem, pfimy dopad na kvalitu labskych sediment( nestésti nebyl prokazan.
V rozporu s reSersi nebyla prokazana kontaminace sediment(l ze sledovaného Useku Biliny polychlorovanymi
bifenyly, ojedinélé nalezy jsou pouze v oblasti Usti nad Labem. Vyznamné jsou i obsahy polyaromatickych
uhlovodik(, zejména v oblasti Komoran a Hostomic.

Na zakladé vysledkl z jednotlivych lokalit a s pfihlédnutim k mife kontaminace sedimentu v pozadové lokalité
Labe — Stfekov, tj. nad soutokem s fekou Bilinou v Usti nad Labem bylo diskutovano, které $kodlivé latky maji
svlj zdroj v zadjmové oblasti a které pfichazeji z oblasti Labe vySe po toku. K potvrzeni zavérd byly vyuZity
i rozbory Cerstvych sediment(, které prinesla ¢ervnova povoden z oblasti vySe po toku. U lokalit na Labi byla
provedena diskuse vlivu povodné na miru kontaminace v jednotlivych lokalitach. Vysledky potvrzuji, Ze béhem
této extrémni povodné doslo k pohybu kontaminovanych sedimentl, jejich odnosu a ukladani nize po toku,
coz se projevilo ivyraznymi zménami obsahu Skodlivych latek v jednotlivych lokalitdch. Na prikladu médi
v lokalité Labe — Povrly bylo rovnéz zdokumentovano ovlivnéni jakosti sediment( lokalni zatézi jako dusledek
zaplaveni oblasti mimo tok Labe.

Co se tyce odhadu mnoiZstvi sedimentll, byl proveden jejich kvalifikovany odhad, pricemz se kombinoval
terénni prizkum a zmapovani lokalit se studiem dostupnych podkladd. Bylo odhadnuto, Ze ve sledovanych
lokalitach je uloZeno celkem cca 20700 m? Fi¢nich sedimentd, z toho cca 7200 m® v dolni &asti feky Bilina
a cca 13500 m*v povodi dolniho Labe mezi Ustim nad Labem a statni hranici.

Pfi odhadu miry rizika remobilizace byly vyuZity postupy matematického modelovani s vyuZitim znalosti
zrnitostnich dat. Vzhledem k rozdilim ve velikosti a charakteru toku Biliny a Labe byl zvolen rozdilny typ
hydrodynamickych modell — pro Bilinu byl pouzit 1D hydrodynamicky model a pro Labe 2D hydrodynamicky
model. Vystupem téchto modell jsou odhady pocatku pohybu sedimentl ve vazbé na hodnotu pratoku, ktery
byl na Labi vztazen k limnigrafickému profilu Usti nad Labem a na Biliné k limnigrafickému profilu Trmice.
Jednotlivé lokality byly zarazeny do sedmibodové stupnice, kterda vyjadfuje stupen nebezpeci odnosu
sedimentu ve vazbé na pratok, resp. M-dennost ¢i N-letost pratoku. Vystupy byly zpracovany v tabelarni
a grafické formé jako prehledny mapovy podklad.
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Pro posouzeni rizika vyznamnosti jednotlivych lokalit pro mezinarodni povodi Labe byl zvolen metodicky
pfistup doporuceny skupinou expertl ,,Management sediment(“ Mezinarodni komise pro ochranu Labe, ktery
vychazi z principu kombinace trojice hledisek pro jednotlivé lokality, tj. miry kontaminace Skodlivymi latkami
relevantnimi pro Labe, odhadu mnoiZstvi uloZzenych sediment( a jejich schopnosti remobilizace za vyssich
pratok(. S pouzitim téchto kritérii se jako velmi vyznamné jevi na Labi Ctyfi lokality: L1 Loubi slepé rameno,
L8 Malé Brezno koncentracni stavby, L9 Malé Bfezno koncentracni stavby a L10 Povrly koncentracni stavby.
Jako stfedné vyznamné je mozno oznacit na Labi dalSich pét lokalit: L5 Boletice n. L. Vilsnice koncentracni
stavby, L6 Nebocady Nebocadsky luh, L7 Téchlovice koncentracni stavby, L12 Svadov koncentracni stavby
aL13 Svadov koncentraéni stavby. Na Biliné se jako velmi vyznamna jevi lokalita B2 Usti nad Labem
pod vtokem Kligského potoka a jako stfedné vyznamna lokalita B1 Usti nad Labem pod pfemosténim. Silné
kontaminované sedimenty z lokalit B7 Komorany a B8 ZaluZzi maji omezenou schopnost remobilizace, takze
mohou predstavovat riziko pro oblasti v povodi Labe jen za velmi vysokych pritokd. Tato situace je obdobna
s lokalitami pfistavli na Labi v Krasném Bfezné, kde sice jsou zvysené obsahy nékterych kontaminantd,
ale k jejich uvolnéni mizZe dojit pouze za velmi vysokych vodnich stavi, kdy dojde k preliti hrazi ochrannych
pristava.

V4 v

Zavery

V ramci studie Vyznam Biliny jako historického a soucasného zdroje znecisténi pro nakladani se sedimenty
v povodi Labe byly zdokumentovany lokality svyskytem uloZenych sedimentll véetné odhadu mnoZstvi
sedimentdq, rizika jejich remobilizace za vyssSich vodnich stav( a celkového rizika pro management sediment
v mezindrodnim povodi Labe. Vyznamnym pfinosem bylo zjisténi miry kontaminace sedimentl z téchto lokalit
znecistujicimi latkami relevantnimi pro Labe. Projekt dale poslouZil jako modelovy pfiklad pro jiné &asti
mezinarodniho povodi Labe, nebot nékteré pristupy a zkusenosti jsou pfenositelné. Po metodické strance byla
snaha vyuzit ¢innost skupiny expertd Management sedimentll Mezinarodni komise pro ochranu Labe, ktera
v Casové paralele s projektem dokoncila svoji praci nazdvérecné zpravé Spravna praxe pro nakladani
se sedimenty v povodi Labe, do niZ se mohly promitnout i zkusenosti z tohoto projektu.

Vypracovani studie bylo financné podpofeno Svobodnym a hansovnim méstem Hamburg v ramci balicku
projekt “ELSA”.
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The significance of polluted sediments in
the Elbe River floodplain
Vyznam znecisténych sedimentu v nivé Labe
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Langhammer, Ph.D., RNDr. Miroslav Sobr, Ph.D. (Charles University in Prague)
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Ing. Petr Jifrinec, RNDr. Jana Kaiglova (DHI, a.s.)

RNDr. Jarmila Halifova, RNDr. Drahomira Leontovycova (CHMI, Prague, Brno)

Resumé

The aim of the project provided by the Hamburg Department for Urban Development and the Environment
(Freie und Hansenstadt Hamburg — Behérde fiir Stadtentwicklung und Umwelt) and agreed by the International
Commission for the Protection of the Elbe River (ICPER) was to identify the significance of old polluted
sediments in the Elbe River and its side structures (old meanders, cut lakes, oxbow lakes) between Pardubice
and Mélnik (confluence with the Moldau River).

The contaminants bound to the sediment particles can be stabile, but under changes in hydrological regime
and water quality (floods, changes in pH, redox-potential, presence of complex substances etc.), they can be
released and remobilized again.

Within the project, two localities were selected — the area of Neratovice (chemical factory Spolana, Inc.) and
Pardubice (chemical factory Synthesia, Inc.; refinery PARAMO). The chemical factories situated close to these
towns represented the most problematic polluters of the Elbe River especially during 2" half of 20" century. On
the basis of a background research and pilot monitoring, sediment sampling was carried out. The chemical
analyses were focused on substances identified by ICPER as well as chemicals considered as significant in the
previous explorations (heavy metals, PCB, DDT, HCH, PAHs etc.). The results of grain structure analysis were
used for modelling the remobilization of contaminated matter during floods. At the selected river sections,
maps of overflow and discharge velocity (Q1, Q5, Q20, Q100) were created.

To summarize, the results of the project provided information of the amount of polluted sediments in the most
contaminated localities in the middle course of the Elbe River and described the possibility of remobilization of
the polluted sediments during floods. On the basis of these outcomes, the risk management and environmental
measures were suggested to protect the ecosystems from contamination stemming from these old pollution
loads.

Uvod

Projekt ,Vyznam starych sediment(l v Labi a jeho postrannich strukturach v dseku od Pardubic po soutok
s Vltavou“ byl zaméren na zmapovani a vymezeni hlavnich oblasti starého znecisténi sediment( stfedniho Labe
zasahujici nejen soucasné koryto reky, ale také Fi¢ni nivu vcetné starych ficnich ramen. PrestoZe prechazeji
znecistujici latky vazané na sedimenty casto pfi nasledné sedimentaci (pohrbeni) do pomérné stabilnich forem,
béhem povodni muiZe vlivem proudéni, zmén pH, redoxniho potencidlu nebo napf. pritomnosti
komplexotvornych latek dojit k opétovné remobilizaci a reaktivaci polutantl. Projekt byl zaméfen na
identifikaci téchto zdn, jejich zmapovani a posouzeni jejich rizikovosti z hlediska moZné resuspendace
kontaminovanych sedimentl béhem povodinovych udalosti. Mezi tyto problematické lokality se rfadi predevsim
oblast Pardubicka zatizend chemickym primyslem (podniky Synthesia, a.s., a PARAMO) a niZe po toku leZici
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ficni niva pod dalsim tradicnim chemickym podnikem Spolana Neratovice, a.s. nedaleko soutoku Labe
s Vltavou [1].

Na zakladé vysledk(i chemickych i zrnitostnich rozbor( sediment(, terénniho prizkumu a za poufZiti a modelu
remobilizace sedimentll za rlznych pritokd v Llabi byly zhlediska mnoZstvi odnosu kontaminovaného
materidlu béhem povodnovych udalosti ur¢eny nejrizikovéjsi oblasti ve zkoumaném uUseku feky. Situace byla
nasledné vyhodnocena a byla navrhnuta opatfeni vedoucich ke zlepseni nezadouciho stavu.

Etapy projektu

Projekt byl rozc¢lenén do nékolika etap. V prvni etapé byla provedena reserse relevantnich podklad( véetné
vyhodnoceni znecisténi korytovych sedimentl Labe na vybranych profilech [4] [5]. Pro nejrizikovéjsi oblasti
byly pfipraveny mapy zaplavovych Uzemi pro rGzné N-leté pratoky. V prvni fazi monitoringu sedimentd byl
proveden odbér smésnych subakvatickych vzork( v postrannich strukturach Labe (Faze 1). Na zakladé vysledka
téchto analyz byla vytipovana mista vhodnd pro odbér subakvatickych profild dnovych sedimentl do
maximalni hloubky, kterou pouzita technika umoznila a souc¢asné byly provedeny vrty v pfilehlé labské nivé
(Faze 2). Vzhledem k mnoiZstvi a kvalité sedimentli byla odbornym odhadem vyhodnocena vyznamnost
zkoumanych lokalit. K vyhodnoceni zatizeni sediment( byly pouZity podklady schvalené MKOL. Riziko vznosu a
vyplaveni Skodlivin bylo posouzeno na zakladé vysledkll matematického modelu zohlednujictho odtokovy
rezim feky a zrnitostni poméry sediment(. Na zakladé téchto vysledk( byly uréeny nejrizikovéjsi lokality
predstavujici z hlediska remobilizace kontaminovanych sedimentl riziko pro jakosti vody v Labi, resp. riziko
transportu kontaminantl dale po toku. V takovych lokalitdch byla navriena sanacéni opatfeni vychazejici
z odhadu predpokladanych nakladd, dzemnich limitd a rizikovosti lokality.

Metodika

Vzorkovani sedimentl probihalo v souladu s platnymi akreditovanymi postupy zkusebni laboratofe Povodi
Labe, statniho podniku, které vychazeji z norem CSN EN ISO 5667. Subakvatické sedimenty byly odebirany ze
¢lunli pomoci pistového zarazeciho odbéraku firmy Eijkelkamp. V ptipadé smésnych vzorkl sediment( (Faze 1)
byl odbér ve vytipované lokalité proveden v nékolika bodech a ziskany materidl nasledné homogenizovan.
Béhem 2. faze vzorkovani byl sediment vytlacden z jadrové trubice do plastového koryta, kde byl rozélenén na
svrchni vrstvu hlubokou 20cm, déle po 30 cm az do 80 cm hloubky a zbyvajici, nejhlubsi ¢ast. Tyto segmenty
byly pak nasledné analyzovany oddélené. V ramci této faze monitoringu byly pomoci strojni vrtné hydraulické
soupravy RDBS-1 na pasovém podvozku provedeny rovnéz odbéry vertikalnich profild sedimentl v nivé.
Rozélenéni ziskanych vrtnych jader bylo totoZzné sclenénim subakvatickych profill sedimentd. Polohu
odbérovych mist vyuzitych pti 2. fazi monitoringu pfinasi obrazek 1 a 2.

Strucné vysledky analyz

Prvni zkoumanou lokalitou nachazejici se po proudu reky Labe byla oblast Pardubicka. V sedimentech se zde
nachdzely nejvyssi priimérné koncentrace Zn, Ni, Cr, z organickych latek pak prlimérné obsahy vyssich
kongener(l PCB (118 — 180), hexachlorbenzenu, benzo(a)pyrenu a anthracenu pochazejici pravdépodobné z
chemickych podnik( Pardubicka — Synthesia, a.s. (dfive Explosia, pozdéji VCHZ Synthesia - vyroba vybusnin,
latky pro vyrobu vybusnin, pigmenty, barviva, AOX) a rafinerie PARAMO, a.s. (mazaci oleje, plasticka mazadla,
asfaltové vyrobky)[2]. Staré ekologické zatéZe zde vznikaly predevsim v letech 1956 — 1994 a tvorily je
predevsim ropné alifatické uhlovodiky, jednoduché aromatické uhlovodiky, chlorované aromatické uhlovodiky,
NH4+, arsen a dalsi kovy. Z vysledk( statistického zpracovani ziskanych dat byla prokazana velmi vysoka
hodnota korelace mezi kovy a organickymi latkami naznacujici spoleény plvod a blizkost zdroje znecisténi.

V oblasti Neratovicka byla zkoumana Libisska tan a Staré Labe u Obfistvi leZici nedaleko sebe po toku Labe.
Obé obce (Libis, Obfistvi) nedisponuji Zadnymi primyslovymi zdroji znecisténi. Jedinou vyjimku tvofi
zemédélskd vyroba v Libisi, kde by pfipadné mohlo dojit ke kontaminaci hnojivy s vysokymi obsahy Cd, Zn a
dalsich kovd. Mimo tohoto zdroje je pro obé diléi lokality jedinym zdrojem primyslové kontaminace podnik
Spolana, a.s. leZi nad obéma zkoumanymi rameny, resp. v bezprostredni blizkosti Libisské tiné [3].
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Staré ekologické zatéze Spolany Neratovice tvofi predevsim linearni alfa olefiny, Hg z vyroby chléru pomoci
zastaralé technologie ,,amalgamové elektrolyzy“, DDT, lindan a dioxiny vznikajici pfi vyrobé herbicid( a latek
pro vyrobu Agent Orange. Casova identifikace zatéZi je dana zahajenim vyrob. Chlorované pesticidy véetné
slozky pro Agent Orange se zacaly vyrabét v 60. letech, provozy na vyrobu chléru amalgamovou elektrolyzou a
vyrobu PVC byly vybudovany v letech 1970 — 1976, v roce 1992 byla zahajena vyroba linearnich alfa olefin(
(ukoncena 2003). K vyznamnému rozsifeni kontaminace doslo pti povodnich v roce 2002, kdy byl témér cely
areal tovarny zasazen rozvodnénym Labem. Ke kontaminacim byt zdaleka ne tak velkého rozsahu, dochazii v
soucasné dobé — napf. v roce 2012obsahovaly odpadni vody ze Spolany, a.s., 8,9 kg Hg, 153 kg Cu, 735 kg Zn a
2580 kg AOX.

Fig 1: Vertical profile sampling sites near Pardubice

N
L""” The Old E__Ibe—Obi‘fstvM
A= ov

Phiumin. &

Obfistvi

@ subaquatic sediments |

Fig 2: Vertical profile sampling sites near Neratovice

PfestoZe hlavnim zdrojem kontaminace je na Neratovicku tentyZ vySe zminény zavod, primérné obsahy
sledovanych latek se u jednotlivych dilcich lokalit (Libis, Obfistvi)vyrazné liSily a Ize konstatovat, Ze se dokonce
vzajemné dopliovaly. V oblasti Libisské tiné dosahovaly nejvyssich pramérnych koncentraci
hexachlorcyklohexany, pentachlorbenzen a kongenery PCB153 a 180, zatimco v oblasti Starého Labe u Obf¥istvi
byly maximalni hodnoty zjistény v pfipadé Hg, Cd, Pb, Cu, As a Cr a dale v pfipadé kongener(i PCB s vyssim
Cislem (PCB 28-118). Vysvétlenim by mohla byt skutecnost, Ze obec Libi$ byla na rozdil od Obfistvi rovnéz
vyznamné postizena povodnémi. Statistickym vyhodnocenim analyz byly mimo jiné v dil¢i lokalité Libise
zjiStény vysoké hodnoty korelace mezi Hg, Zn, Cu (méné Pb) na jedné strané a a-HCH, DDD, PCB101, 138-180,
benzo(a)pyrenem, anthracenem a fluoranthenem na strané druhé. Plvod hojnych vysokych hodnot korelace
neni zcela jasny, nicméné mohl byt opét dan spolecnym blizkym zdrojem kontaminace, resp. obdobnym
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chovanim téchto latek pfi povodnich. V pripadé lokality Obfistvi byly vysoké hodnoty korelace zjistény pouze
mezi Cd, Cu na jedné strané a kongenery PCB 138-180. Vysokou hodnotu korelace vykazala i Cu s
benzo(a)pyrenem a fluoranthenem. Pozoruhodna je vysoka zaporna korelace As se vsemi organickymi latkami
vyjma DDT.

Z hlediska posouzeni rizika odnosu sedimentu byla na Pardubicku uvaZovana jak povoden na Labi, tak i na
Jesencanském potoce, ktery vytéka z aredlu PARAMO a Usti do zimniho pfistavu PARAMO — Svitkov, kde byla
prokazana silnd kontaminace. Na zakladé zrnitostnich analyz vzork( sedimentl a z Udajd z nejblizsi
monitorovaci stanice bylo vypocteno, Ze v oblasti starého labského ramene u Rosic bylo nejvyssiho rizika
remobilizace sedimentl (stuper 7) dosaZeno za vodnich stavl odpovidajicich Q50 az Q100 ve stanici Prelouc.
Za této situace bylo rosické rameno vyznamné protékano proudem z pravobiezniho inundaéniho Uzemi, ktery
zpUsobil, Ze plaveniny o koncentraci > 0,5 g.m™ byly vynaseny do koryta Labe. V p¥ipadé zimniho pfistavu
PARAMO bylo nejvyssiho stupné remobilizace sediment(l (stupen 7) dosazeno pii > Q100 v Prelouci, kdy byla
celd dolni polovina hraze mezi Labem a lagunou zimniho pfistavu pretékana. Za téchto vodnich stavl v fece
dochazelo podle modelu k vynaseni plavenin do Labe ve vysSich koncentracich. V pfipadé povodné na
Jesencanském potoce byly sedimenty z koryta potoka a z laguny uvedeny do vznosu jiz za Q10 (pritok navrzen
na zdkladé hydrologického modelovani) v Usti této ficky, kdy byl stupen nebezpedi odnosu sedimentu o
jednotku nizsi, neZz tomu bylo ve vyse zminénych dvou pfipadech.

V oblasti Neratovic bylo kromé povodné na Labi pocitano i s povodriovymi stavy na Vitavé, které zasahuji do
oblasti Starého Labe u Obfistvi. Sestému stupni rizika remobilizace sedimentd za < Q50 ve stanici v Kostelec
odpovidala v Libisské tlni situace, kdy ze starého ramene vytékal proud unasejici plaveniny s koncentracemi
pres 0,1 mg.I", jejichZ obsah ve vodé s rostoucim proudem stoupal. Remobilizace sediment( v Libi§ské strouze
sice za Q10 (pratok navrzen na zakladé hydrologického modelovani) nastala, ale béhem kratké povodnové viny
doslo k opétovné sedimentaci v inundacnim Uzemi, plaveniny tedy nedosahly koryta Labe. Za povodné na Labi
dosahujici > Q100 v Kosteleci doslo k vyplavovani mohutného (Sirokého) koncentrovaného proudu ze starého
ramene u Obfistvi do Labe, coZ odpovidalo 7. stupni rizika remobilizace sediment(. Za < Q5 ve stanici Vranany
bylo pak Staré Labe protékano z VItavy ve sméru proudéni Labe, vymoly u pravého brehu ramene blizko vytoku
do Labe byly doplnény lokalitou u pravého biehu u p¥itoku Cernavky a riziko remobilizace sedimentd zde
odpovidalo 5. stupni.

Jak je tedy z vySe uvedeného textu patrné, na Pardubicku bylo nejvyssi riziko remobiliace sedimentl dosaZeno
ve starém rosickém rameni a v zimnim pfistavu PARAMO, v oblasti Neratovic pak za povodné na Labi ve
Starém Labi u Obfistvi a v Libisské tlni. Na zakladé téchto vysledkd a chemickych analyz sedimentd byla proto
nejrizikovéjsi lokality navrZena sanacni opatfeni.
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Long-term studies of suspended mat-
ter/sediments of Mulde river - local and
temporal development of arsenic and heavy
metal pollution

Annia Greif; Uwe Sporbert; Sven Eulenberger
Wismut GmbH, Jagdschéinkenstr. 29, 09117 Chemnitz, Germany

Suspended matter and sediments may give answers on the pollution state and history of a river system. They
combine influences of geogenic and anthropogenic origin. In the cases of the rivers Freiberger Mulde and
Zwickauer Mulde in Saxony, Germany, important pollution loads occur already in the upper river sections. Due
to transport processes, the pollution is being continuously dispersed downstream. Since 1990, the
concentration of pollutants in the river waters has been reduced significantly. In sediments however, the
reduction is retarded. The present paper describes the development of pollution loads and concentrations in
the Mulde river system. Special focus is thereby on formerly high-polluted river sections which are subject of
remediation activities. The results allow to conclude the impact of different pollution sources and attenuation
processes. Knowledge of sources and about dispersion processes is useful to optimize remedial activities,
including waste water treatment.

Introduction

Sediments in rivers and lakes reflect the geochemical fingerprint of each catchment area as a long-term
memory. In the part, trace element contents of sediments were used for geochemical prospecting of ore
deposits in the Ore Mountains. In the beginning of the nineties information about trace elements were used to
characterize the state of anthropogenic pollution of the Mulde catchment area. Current studies of particle-
bound contaminants are focused on the efficacy of the remediation activities in mining and smelting areas
since 1990, e.g. like the remediation process in Wismut GmbH.

Important geogenic (mineralizations, ore deposits) and anthropogenic (mining, ore processing, metallurgical
industries) sources for the elements As, Cd, Cu, Ni, Pb, U and Zn in the environment are located in the upper
catchment areas of the rivers Freiberger and Zwickauer Mulde. Three high polluted river sections were
detected in the early 1990s [1]: one in river Freiberger Mulde (the mining and smelting region Freiberg: As, Cd,
Cu, Pb, Zn) and the other two in river Zwickauer Mulde (the uranium and ancient silver mining and processing
region Aue-Schlema: As, U and the uranium processing site Crossen: U) (Fig. 2).

Sampling of sediments is mostly performed by field-tested conventional sampling technique (grab) at the
sediment surface. For the sampling of recently generated particulate matter trap systems are used
increasingly. Samples are taken from traps in defined time intervals, to determine the subsequent delivery of
pollutants into the river systems in response to hydrological and seasonal conditions. Influences of high water
fluxes with erosion or resuspension of contaminated materials (like August 2002) can also be detected as
seasonal phases with low discharges and more reactive fine grained and organic rich particles.

The European Water Framework Directive [2] focuses on compliance with environmental quality standards for
the elements arsenic, copper, zinc and chromium for the solid path (suspended matter). In this regard, arsenic
is of high priority in the Mulde river system.
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Spatial distribution and temporal development of
pollutants

The mining influence starts in the upper courses and tributaries of the Mulde river system. During passage of
the main mining and processing areas pollutions achieve their maximum. In local water concentrations (Fig. 1)
as well as in the particle-bounded fraction (e.g. sediments, fraction <20 um) the regional origin can be
detected. The elements Zn, Cd, Pb and Cu hold their main pollution priority in the catchment area of
Freiberger Mulde, elements U and Ni originate from Zwickauer Mulde (Tab. 1). Arsenic accounts for pollution
of both river systems, it varies with the season (Fig. 1).

Tab. 1: Mean concentrations of typical elements in sediments (fraction <20 um) in Mulde river (2003-2008),
data from [3] [4]

River Location As Cd Cu Ni Pb U Zn
system [mg/kg]l | [mg/kgl | [mg/kgl | [mg/kgl | [mg/kg] | [mg/kg] | [mg/kg]
Freiberger | Berthelsdorf 110 10 84 38 350 - 640
Mulde Halsbriicke 1,300 124 590 58 3,900 6,8 6,700

Erlin 210 24 130 58 560 5,6 1,500
Zwickauer | Auerhammer 146 12 220 73 160 - 950
Mulde Schlunzig 190 14 200 150 190 - 1,400

Sermuth 80 12 140 100 130 26 1,100
Vereinigte | Bad Diiben 170 23 140 90 380 - 1,600
Mulde

Long-term trends are visible in slowly decrease concentration of elements Cd, Cu, Ni and Zn in both river
systems since the early 1990s, intermitted by local events like extremely high water in August 2002 with
increase of arsenic contents in Freiberger Mulde due to massive erosion of bankside waste dumps.

In the mining and industrial centers the most important point sources for pollution was determined and
quantified, particularly seepage and mine water (treated/untreated). Sum of identified point sources doesn’t
describe all loads of heavy metals and arsenic in river system, primarily in the case of area Freiberg. Despite of
uncertainties in the knowledge of mine water discharges, there are obviously a large number of diffuse
sources.

10 : , — 40
Freiberger Mulde L Zwickauer Mulde Vereinigte Mulde
Aay L
Area Freiberg _."’ W ‘n‘ ArealSchlema  ____. cd
far As | 3p
E 3
= 20 S
o (2]
O <<

- 10

Fig. 1: Spatial and temporal evolution of arsenic concentrations in river water (total amounts) in year 2011,
data from [5]
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Case study Zwickauer Mulde with focus on WISMUT Project

The section between Aue and Crossen (Zwickauer Mulde) is influenced by mining, post-mining and
remediation activities. Continuous water monitoring in this area is established since the early 1990s and
includes all types of waters: seepage, flooding, surface and groundwater. Monitoring of the transport of heavy
metals, arsenic and radionuclides bound with suspended matter was initiated in the course of the
commissioning of new water treatment facilities by Wismut GmbH, using traps at 6 stations located upstream
and downstream of the emission sources [Fig. 2] [4]. Continuous data series (fraction <63 um) have been
generated since 2002.
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Fig. 2: General map of Mulde river system (left), overview of mass flow in areas Schlema and Crossen (right)

Regardless the preload from the upper catchment area, a decreasing trend of the impact related to the
WISMUT sites can be clearly demonstrated in river Zwickauer Mulde over time. Current arsenic level in river
water downstream the mining area Schlema (Median 2013: 11 pg/l) illustrates the decline by half since 1993
(Fig. 3).

The water treatment facility in Schlema-Alberoda purifies mine water from the Schlema-Alberoda mine since
2000. Mean arsenic contents in particulate matter have been relatively constant over last ten years (Fig. 3),
they fluctuate around 200 mg/kg. Single values can vary in a big range depending on meteorological and
hydrological conditions. Low water discharge scenarios (e.g. in year 2003) promote sedimentation of fine-
grained and organic-rich particles with high adsorption potential for pollutants. Particulate matter of
Schlemabach (SFS) was signed by marked arsenic pollution caused by untreated mine water and abandoned
sites of the Schneeberg area. Arsenic contents reached up to 800 mg/kg in annual average.

Arsenic exceeds the EU quality standard for suspended matter/sediments (40 mg/kg). Thereby it needs to be
considered, that the preload from the upper catchment area of river Mulde is already high (mean 180-380
mg/kg) due to geogenic position and mining/smelting history. The quality standards for copper as well as for
zinc are also exceeded. Solely, the element chromium is not critical.
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Fig. 3: Temporal development and annual variability of arsenic in river water (point m-111, total
concentrations) and particulate matter (point SF4, fraction <63 um) of Zwickauer Mulde downstream mining
area Schlema, data from Wismut GmbH

In the frame of the WISMUT monitoring, emphasize is on uranium and arsenic as the two main emission
parameters. Particularly arsenic shows a significant preload from the upper courses. It is retained in the
Schlema area and is decreased downwards to the Crossen area. Uranium shows an increase from upstream to
downstream stations, especially in area Schlema. Preloads from other sources are also recorded for the
elements copper, nickel and zinc. Influences of WISMUT project can’t be detected for these element. Their
contents are diluted with the next river sections.

Despite of the progressive rehabilitation and mitigation of the mining-related emissions, there is a significant
subsequent delivery of element loads from geogenic and anthropogenic sources all over the catchment area of
Mulde river.

Tab. 2: Variation of mean values in particulate matter on input/output positions of area Schlema (SF1A, SF4)
and area Crossen (SF20, S21) between 2004 and 2013, data from Wismut GmbH

As Cd Co Cr Cu Ni Pb Zn U
[mg/kg] | [mg/kg]l | [mg/kg] | [mg/kgl | [mg/kg] [mg/kgl [mg/kgl [mg/kg] [mg/kg]

SF1A | 180..260 | 16..21* | 51..130 | 60..100 | 240..480 | 280...1,000 120...200 1,200...1,900 | 24..35
SF4 170..280 | 12..15* 37...68 47...60 150...250 160...300 83...160 800...1,300 76...98

SF20 | 100..170 | 11..13* | 40..53* | 55..60* | 170..190* | 120..170* 120..150* | 1,100...1,400* | 37..63
SF21 | 100..210 | 11..15* | 39..49* | 57..64* | 170..200* | 120...200* 120..150* | 1,100...1,400* | 40...110

* 2004-2007
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The meaning of floodplain sedimentation in
the frame of a catchment wide sediment
management concept

Frank Kriiger', Martina Baborowski’, Holger Rupp?, Mathias Scholz?
YELANA, ? UFZ - Helmholtz Centre for Environmental Research

Introduction and aims of the study

Sedimentation in active floodplains plays an important role for the sediment management of large rivers. It is
one of the key functions to understand catchment wide sediment transport processes, which is a main topic of
the Elbe River sediment management concept. Although the processes for sediment retention are known, only
little knowledge exists how to quantify sedimentation in floodplains. Therefore we investigated floodplain
characteristics like vegetation pattern, inundation frequencies and morphological features of active floodplains
of the free flowing Elbe River in Germany. Additionally we assembled and evaluated several site specific
sampling campaigns with event related sedimentation data since 1997 to obtain a better understanding of
large scale sediment- and pollutant retention. This study [1], funded in the frame of ELSA (Remediation of
contaminated Elbe-Sediments, City of Hamburg), aimed to develop estimations of large scale sedimentation
rates of the Elbe river floodplains.

Selected results

* Flooding areas and land use-types. Results are showing, that floodplain area (Tab. 1) and land use-
types are heterogeneous distributed along the Elbe River. Larger floodplain areas and consequently
highest retention potential for sediments are located in the middle section of the Elbe River. Most
important are grasslands (68%), followed by croplands (12%) and forests (11%) (Fig. 1). Forests have a
large proportion only between Wittenberg/Lu and Barby. Analyses show that forests in active
floodplains have a high retention potential, especially during mean flood events.

Tab. 1: River sections and active floodplain areas along the River Elbe.

River-km until | Section Area, ha
0 Schéna - Pirna 548
34,7 Pirna -MeiRRen 3.083
83,4 MeilRen - Torgau 4.633
154 Torgau - Wittenberg/Lu. 7.812
214,8 Wittenberg - Aken 9.287
274,85 Aken - Barby 3.437
326,6 Barby -Magdeburg 4.305
389,1 Magdeburg - Tangermiinde 8.550
454,6 Tangermiinde - Wittenberge 6.742
522,6 Wittenberge - Hitzacker 4.686
586 Hitzacker - Geesthacht 3.897
Total area 56.979
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Fig. 1: Land use-types of recent floodplains on the basis of DLM 25.

* Flooding dimensions. The investigation of the flooding dimensions of different discharges (Fig. 2) is
showing, that smaller flood events (2MQ) cover hardly the half of the floodplains downstream the
Saale river mouth, while upstream these areas are kept dry. In contrast, mean high floods (MHQ) cover
recently more or less the same proportions of the floodplains.

Hitzacker - Geesthacht pmss Hitzacker - Geesthacht —
Wittenberge - Hitzacke! mmmms Wittenberge - Hitzacke! m—
Tangermiinde - Wittenberge m—— Tangermiinde - Wittenberge s.S—.-——
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Barby - Magdebury mmms Barby - Magdeburd s
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Torgau - Wittenberg /Lu g - - - Torgau - Wittenberg /LU me——
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0 2,500 5.000 7.500 10.000 12.500 2,500 5.000 7.500 10.000 12.500
floodplain dimension, ha floodplain dimension, ha

Fig. 2: Flooding dimensions for different, selected discharges (2MQ, MHQ).

o

¢ Key factors for sedimentation processes in floodplains. Fig. 3 points out, that sedimentation in the
Elbe river floodplains depends on the discharge (which is responsible for remobilisation of sediments
in the catchment and the dimension of flooding) and the distance to the riverbed (which might be
caused by decreasing flow velocities).
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Fig. 3: Sediment loads between 2003 and 2011, depending on distance between sites and river bank for
different discharges (2MQ and MHQ and extreme flooding).
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e Calculation of large scale sediment and pollution retention. On the basis of measured data sediment
retention was calculated by dividing the floodplains in two different affected sedimentation zones
(close and far). For these zones sediment loads were calculated as mean values of all measured data
for pooled discharge situations (2 MQ, MHQ and HHQ). Figure 4 shows, that depending on inundated
floodplain areas and discharges high flood sediment retention in Elbe river floodplains varies between
44.000 to 223.000 t/event.

Sediment retention, 2MQ, t = Sediment retention, MHQ, t

m Sediment retention, Extrem, t

t

- 40000 , =

Sediment retention

Fig. 4: Calculated sediment retention in Elbe River floodplains for selected high floods in 2004, 2005 and 2006,
which represent 2MQ, MHQ and extreme discharge situations.

Coming along with sediment retention also pollutants are retained in the flooded areas. The retention of
contaminates depends of course on their concentrations and further on their origin (Fig. 5), which becomes
clear comparing e.g. Hg- and PCB retention. Mercury retention can be calculated between 0,1 t — 0,4 t/event,
which corresponds with 9 - 62 % of the annual Hg-discharge in Schnackenburg, underlining the importance of
floodplains in the framework of a sediment management concept.
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Hg_Retention_2004/2MQ
2 - = PCB_Retention_2005_2/MHQ

u PCB_Retention_2006/extrem
|~ _.,,I _-’I‘QI I :
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0,02 - - 3 ' ' :
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Fig. 5: Calculated Hg- and PCB (6) retention in Elbe River floodplains for selected high floods in 2004, 2005 and
2006, which represent 2MQ, MHQ and extreme discharge situations.
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New questions and outlook

Further results show, degradation (probably due to riverbed erosion) until the confluence of the river Saale
reduces inundation frequencies and sedimentation processes during smaller flood events, which points out
new research questions concerning the ecological effects for the Elbe river floodplains.

All gathered approximations based on a set of site specific sampling campaigns. They could be improved to a
high degree, if a new sampling strategy could be realised, which considers further relevant river stretches and
land use types between Dresden and Havelberg.

Literature:

[1] Kriiger, F., Scholz, M., Kreibich, M., Baborowski, M. (2014): Sedimentrickhalt in den Elbauen. Studie zur
Erarbeitung des Sedimentriickhaltes in Auen als Teilfunktion des Sedimenttransportgeschehens an der Elbe.

Abschlussbericht, i. R. ,,Schadstoffsanierung Elbesedimente — ELSA”, Behorde fiir Stadtentwicklung und
Umwelt in Hamburg, 73 S.
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Vyskyt relevantnich organickych polutantt
(pesticidu, 1éciv a jejich metabolitu,
prumyslovych kontaminantii)

v povrchovych vodach a sedimentech

ve sprave Povodi Labe

Martin Ferencik
Povodi Labe, statni podnik

Occurrence of relevant organic pollutants (pesticides, pharmaceuticals and their metabolites, industrial
contaminants) in surface waters and sediments under Povodi Labe (Elbe River Basin Authority)

Pesticides, their metabolites, pharmaceuticals are widely spread contaminants in surface waters in tens to
hundreds and even thousands ng/l. Maxima of their concentrations are after rain precipitations after their
application. Their stable metabolites (OA, ESA metabolites of chloroacetanilides, AMPA) and persistent
pharmaceuticals (gabapentin, iodine contrast medium iopromid) and industrial chemicals (benzotriazol, TCEP,
TBP) are present in surface waters throughout the year.

Uvod

Vodni prostredi je vyrazné ovliviiovano lidskymi aktivitami, predevsim primyslovou vyrobou, zemédélstvim,
dopravou a vypousténim Cisténych i necisténych komundlnich odpadnich vod. Chemické znecisténi zplsobené
témito a dalSimi lidskymi aktivitami mda za ndsledek negativni Ucinky na Zivé organismy (akutni a chronicka
toxicita pro vodni organismy, akumulace znecistujicich latek v ekosystému, ale také negativni Ucinky na lidské
zdravi). Evropsky parlament a Rada ve snaze zlepsit ekologickou kvalitu vodniho prostfedi, zlepsit jakost a
mnozstvi podzemnich vod, ustavit zadkladni zasady trvale udrzitelné vodni politiky SpolecCenstvi pfijaly dne
23.10. 2000 smérnici 2000/60/ES [1], v niz byl stanoven ramec pro c¢innost Spolecenstvi v oblasti vodni
politiky. V rozhodnuti Evropského parlamentu a Rady ¢. 2455/2001/ES byl stanoven prvni seznam prioritnich
latek a prioritnich nebezpecnych latek v oblasti vodni politiky obsahujici 33 latek nebo skupin latek zahrnutych
do pfilohy X smérnice 2000/60/ES. Ve smérnici 2008/105/ES z 16. 12. 2008 o normach environmentalni kvality
(NEK) v oblasti vodni politiky byly stanoveny NEK pro 33 prioritnich a skupin latek a osm dalSich znecistujicich
latek. Tato smérnice byla implementovdna Nafizenim vlady Ceské republiky ¢. 23/2010 z 22. 12. 2010 [2].
Ve smérnici 2013/39/EU z12. 8. 2013 [3] doslo ke zméné dfivéjSich smérnic, co se tyCe prioritnich latek
v oblasti vodni politiky. Byla aktualizovana priloha X, celkem 45 prioritnich latek a skupin latek, z toho 21
definovano jako prioritni nebezpecna latka. Byly stanoveny NEK pro nové prioritni latky (PL), snizeny NEK pro
nékteré drivejsi PL a dale byly ur¢eny NEK pro nékteré PL pro matrici biota. Tato evropska smérnice ma byt
podle vyhledu legislativnich praci vlady CR implementovana do zafi 2015 a pFedpokladany termin Géinnosti je
leden 2016 [4]. Dale byl touto smérnici definovan v Clanku 8b ,Seznam sledovanych latek” (Watch List),
v rdmci néhoZ bude monitorovdano maximalné deset latek pro ucely podpory budouciho rozdéleni Iatek podle
ethinylestradiol (EE2, antikoncepce), 17-beta-estradiol (E2, jeden ze tfi Zenskych pohlavnich hormond, Iécivo).
Dale je v ¢lanku 8C uvedeno ,,Zvlastni ustanoveni pro farmaceutické latky”, v némz je pfijat zavazek do zafi
2015 prijmout strategicky pristup ke znecistovani vod farmaceutickymi latkami. Kromé pfrijaté legislativy jsou
mnoha statnimi a odbornymi organizacemi, napf. Agenturou ochrany Zivotniho prostfedi Spojenych stat(
americkych (US EPA), NORMAN (Network of reference laboratories, research centres and related organisations
for monitoring of emerging environmental substances) [5], definovany seznamy potencidlné nebezpecénych
latek (Emerging Substances, Chemicals of Emerging Concern (CEC’s)). V téchto seznamech jsou desitky aZ
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stovky latek zrlznych aplikacnich skupin (zhasedla hofeni, plastifikatory, detergenty, pesticidy, IéCiva a
prostfedky denni potieby (PPCP’s), biocidy, hormony, mykotoxiny, atp.).

Pouzité analytické techniky

Pro ucel méreni stopovych koncentraci organickych kontaminantl v komplexnich matricich, jakymi jsou
povrchové a odpadni vody, pevné matrice (sediment, plavenina, sedimentovatelnad plavenina) nebo biota
(ryby, vodni bezobratli), je nutné pouzit citlivé, selektivni a robustni analytické metody. Dllezité je vedle
peclivé pripravy vzorku (vysoky vytéZzek extrakce, selektivni Cisténi extraktu) i pouZiti citlivé a selektivni
techniky, zaloZené na vysocelcdinné separaci na kfemennych kapildrnich kolonach v pfipadé plynové
chromatografie (GC) a kolondach s nizkodisperznimi ¢asticemi pro kapalinovou chromatografii (HPLC), a také
citlivych a selektivnich hmotnostnich detektorech (jednoduchy analyzator (MS) nebo lépe tandemovy
hmotnostni detektor (MS/MS)).

Tyto metody se skladaji z nékolika krokG: preduprava vzorku (homogenizace, vysuseni u pevnych matric),
extrakce sledovanych analytl (extrakce rozpoustédlem, extrakce na pevné fazi, stripovani a zachyceni na
sorbetu, atd.), v nékterych pfipadech je nutna derivatizace pro pfevedeni polarnich a iontovych latek na méné
polarni latky, které je mozZno stanovovat pomoci plynové chromatografie (stanoveni fenoll, chlorfenold,
bisfenolu A po in-situ derivatizaci acetanhydridem a nasledné GC/MS analyze), pfipadné se derivatizace
pouzivd pro zlepSeni retence analytu na stacionarni fazi analytické kolony v kapalinové chromatografii a
zlepseni citlivosti v pouzitém detektoru (napf. stanoveni pesticidu glyfosatu (obchodni ndzev Roundup) a jeho
metabolitu aminometyl-fosfonové kyseliny (AMPA) po derivatizaci 9-fluorenylmethylchloroformiatem
chloridem (FMOCCI) a nasledné analyze pomoci kapalinové chromatografie s tandemovou hmotnostni detekci
(LC-MS/MS)).

Nékteré z téchto metod jsou multirezidualni, schopné analyzovat velké mnozstvi pribuznych latek (napf.
stanoveni chlorovanych pesticidd, polychlorovanych bifenyld pomoci GC/MS, nebo analyza pesticid( a léciv
pomoci LC/MS/MS), ale nékdy je nutné pro analyzu jedné &i nékolika latek vyvinout a pouzit specifickou
metodu (glyfosat a AMPA po derivatizaci a LC/MS/MS, stanoveni komplexond (EDTA, NTA) po derivatizaci
butylacetatem a GC analyze s dusikové-fosforovym selektivnim detektorem (GC-NPD)).

Latky sledované v povrchovych vodach

Pesticidy patfi k castym organickym kontaminantdm povrchovych vod. MnoiZstvi aplikovanych pesticidd
pravidelné zvefejiiuje Ustfedni kontrolni a zkudebni Ustav zemé&délsky [6]. Vedle pesticidl tvofi Iéiva, at jiz
humdnni & veterinarni, irokou skupinu latek, kterou také nalézame v povrchovych vodach [7,8]. Udaje o
vyskytech téchto a mnohych dalsich organickych polutant( Ize najit v literature. Napfiklad vyskytem pesticid( a
jejich metabolitl v povrchovych vodach slouzicich jako zdroj surové vody pro pitné ucely ve spravé Povodi
Labe se zabyval Ferencik [9]. Problematikou lé¢iv, hormont a prostfedkd osobni hygieny (PPCP) ve spojeni
s Cisténim komunalnich vod se zabyvali autofi Ternes a Joss [10]. V prlimyslové oblasti se pouZivaji desetitisice
rGznych latek a smési. Ve vodach nalézame ty prdmyslové chemikdlie, které maji dostatecnou perzistenci.
Naptiklad plastifikdtory (DEHP, bisfenol A), antikorozni pfipravky (benzotriazol a methyl-benzotriazol),
komplexotvorné latky (EDTA), retardatory horeni (PBDE-209, chlorované alkylfosfaty), atd.

Latky sledované v pevnych matricich

V sedimentech, sedimentovatelnych plaveninach, vzorcich bioty sledujeme latky podle kritérii popsanych
v Guidance Document No. 25 [11], jejich fyzikdlné-chemickych vlastnosti (perzistence, schopnost
bioakumulace vyjadrena faktorem biomagnifikace (BMF>1), lipofilita vyjadfena hodnotou log Kow>3, toxicita).
V sedimentech se sleduji napt. polycyklické aromatické uhlovodiky (PAU), polychlorované bifenyly (PCB),
chlorované pesticidy (OCP, napf. DDT, HCB, HCH), polybromované difenylétery (PBDE), nonylfenoly, triklosan a
bisfenol A, glyfosat a AMPA, dalsi pesticidy. V sedimentovatelnych plavenindch se navic jesté sleduji
chlorované parafiny Cy4-Cy3, PFOS, organostannany (TBT, DBT).
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Vysledky a diskuze

NejCastéji nalézané jsou pesticidy pouzivané na hlavni plodiny: metolachlor a terbutylazin na kukufici,
metazachlor, dimethachlor a jejich metabolity pouzivané na fepku, chlortoluron a isoproturon pouzivany na
obiloviny, a také glyfosat a jeho metabolit AMPA, ktery se pouzivd i v lesnictvi a nezemédélském pouziti pfi
odstranovani zelené z komunikaci, atp. Pesticidy se objevuji v dobé destovych srazek po jejich aplikaci, jejich
stabilni metabolity (OA a ESA metabolity chloracetanilid(l) celoro¢né v dobé zvysenych srazek nebo tani
snéhové pokryvky. Mezi nejCastéji nalézané l|écCiva patii antiepileptikum gabapentin (obr. 1). Zastupce
retardatord hofeni, tris(1-chlor-2-propyl)fosfat (TCEP) se vyskytuje celoro¢né, podobné jako nejpouzivanéjsi
|éciva ibuprofen a acetaminofen.
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Fig. 1 Concentrations of pesticides, their metabolites, gabapentin and TCPP in the River Orlice at Nepasice
in 2013 in nanograms per litre in spot samples
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Pesticidy a jejich metabolity predstavuji vazny problém pro vodni ekosystém a zplsobuji problémy pfi Upravé
povrchové vody na vodu pitnou. Mélo by dojit k pfehodnoceni aplikace pesticid(l v povodich vodarenskych
zdroju a zdrojli spodnich vod. Vedle pesticidld i IéCiva a primyslové kontaminanty jsou casto nalézané
polutanty povrchovych vod. V sedimentech a sedimentovatelnych plaveninach se vedle starych zatézi PCB
nalézaji i PAU, bromované retardatory (PBDE 209), chlorované parafiny Cy;-Ci3, plastifikdtory DEHP a
bisfenol A. | s pouZitim nejmoderné;jsi analytickych postupl a techniky je slozité, a nékdy i nemozné dosahnout
extrémné nizké NEK pro nékteré prioritni latky (napf. pro cypermethrin RP-NEK 0,08 ng/l). Je otazkou, zda by
se vedle monitoringu prioritnich latek neméla vétsi pozornost vénovat i dalSim, Siroce rozsifenym organickym
kontaminantdm ve vazbé na jejich ekotoxicitu a mozné negativni G¢inky na zdravi lidi.
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Application of passive samplers in
automatic monitoring stations for the
determination of time-weighted average
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Abstract

Recent studies have shown the suitability of passive samplers as an alternative tool to traditional sampling
techniques for the chemical analysis of surface waters [1,2]. However, the majority of water monitoring carried
out by regional and federal authorities involves automated sampling stations, where composite water and
sediment samples are collected for analysis through a bypass containing pumped river water. Such
conventional sampling and processing is cost- and labour-intensive and interfere with the limited budgets of
environmental authorities.

During a research project funded by the German Federal Environment Agency (UBA), five different passive
sampling devices (PSD) were deployed in automatic monitoring stations in Saxony-Anhalt. They were exposed
in flow-through vessels made from stainless steel, being connected to the river water bypass of the stations in
Magdeburg (Elbe) and Dessau (Mulde). LDPE strips [1,3], silicone sheets [1,4], MESCO [1,5,6] and bare silicone
rods [1,6] have been chosen as PSDs and were exposed for 38 and 56 days, respectively. All PSDs were spiked
with performance reference compounds (PRCs) prior deployment and the time-weighted average
concentrations were calculated using the PRC loss during exposure. Next to 7-day composite water samples,
grab samples from the river water bypass were investigated. In addition the analytical results of composite
sediment samples, taken monthly by the State Office for Flood Protection and Water Management (LHW)
Saxony-Anhalt, could be used for comparison. - This contribution will provide an overview of the study including
practical details and will report the main findings™.

[1] Allan I.J., Booij K., Paschke A., Vrana B., Mills G.A., Greenwood R. 2009. Environ. Sci. Techol.
43:5383-5390.

The final report of the project with the UFOPLAN-Ref. No. 3709 22 22 is available as Download (in German) under
www.umweltbundesamt.de/publikationen
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Shore type induced hydromorphology
controls the structure and function of
macroinvertebrate communities in the
River Elbe

Brabender, Marian'; Weitere, Markus* and Brauns, Mario"
'Helmholtz Centre for Environmental Research - UFZ, Briickstr 3a, 39114 Magdeburg

Training structures are common features of the River Elbe, but systematic knowledge on the ecological effects
associated with different types of training structures is surprisingly scarce. We compared macroinvertebrate
species richness, biomass and secondary production among a parallel groyne, a standard groyne and a riprap
of the River Elbe. The parallel groyne had significantly higher richness, annual biomass and secondary
production corresponding with higher proportions of macrophytes and fine particulate organic matter and
higher variations in flow velocity than the other two training structures. Conversely, a higher proportion of
stones and higher flow velocity at the riprap favored a distinct community numerically dominated by hard
bottom dwellers with an up to 4-fold lower secondary production than the other two training structures. The
rip rap had also the highest contribution of invasive Dikerogammarus villosus (Crustacea) to annual biomass
and secondary production. Our results suggest that training measures that maintain the hydromorphological
integrity of the riparian and shore zone should be preferred. This and a restricted use of allochthonous building
materials such as stones may also help to control the establishment of Neozoa.

Introduction

The majority of the world’s large rivers are trained and ripraps, groynes, and similar structures are frequently
key components of their shores and riparian zones L2 Most of these structures are created to facilitate
commercial shipping as they confine the river flow to the main channel causing an increase in bed shear stress
and incision of the river channel . River training alters habitat availability and configuration especially in
sandy rivers as the heterogeneous mosaic of sandy areas with different hydraulic regimes is usually replaced
by stones or boulders “ This may have serious ecological consequences as the shore and riparian zone are hot
spots for biodiversity of macroinvertebrates and fish &1, Despite the potential adverse effects, systematic
knowledge on the ecological effects associated with different types of training structures is surprisingly scarce.
The few existing studies suggest that training structures exhibiting high habitat heterogeneity have higher
diversity of fish and macroinvertebrates than spatially homogenous structures ®”.. To which extent the direct
and indirect effects of altered river hydromorphology translate into implications for the functioning of large
river ecosystems is largely unknown. In the present study, we sampled benthic macroinvertebrates from three
different training structures of the River Elbe (Germany) over the course of one year and tested if the training
structures harbor communities that are systematically different in benthic diversity and secondary production.

Material and Methods

Sampling and processing

We studied three common training structures, i.e. a standard groyne, a parallel groyne and a rip rap at 4-km
section of River Elbe (river km 250-254; 51°52'53.68"N, 12°17'56.53"E). Macroinvertebrates were sampled
monthly from April 2011 to March 2012, except for January and February 2012, where a flood prevented
sampling. We sampled all available mesohabitats present at each training structure. Sandy habitats were
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sampled with a Surber sampler (250 um mesh). Stones were sampled by randomly selecting three to five
boulders and brushing off attached macroinvertebrates. All samples were preserved in 70% alcohol in the field
and macroinvertebrates were sorted, counted and identified in the laboratory. The first 200 individuals from
each taxon were measured for body length to the nearest 0.01 mm and individual weight was calculated using
length-mass relationships developed for the River Elbe or relationships taken from the literature. We
calculated secondary production for all taxa that were sufficiently abundant in each shore type using the size-
frequency method except for Oligochaeta. Annual secondary production for Oligochaeta was estimated using
a published P/B ratio of 5 ® as the coarse taxonomic resolution as well as the poor condition after ethanol
preservation prevented the determination of individual weights. We corrected for cohort production intervals
(CPI) using literature values. Uncertainties in our estimates of annual secondary production were quantified
using non-parametric bootstrap analysis o,

We measured variables related to habitat conditions and food resource availability to explain potential
differences in the structure and function among training structures. Percentages of gravel, sand and fine
particulate organic matter (FPOM) were determined from five sediment cores taken equidistantly across each
training structure. The percentages of submerged macrophytes and boulders at each site were estimated
visually during each campaign. Flow velocity at each training structure was visually classified into O=no flow,
1=low flow, 2=medium flow, 3=high flow.

Table 1. Mean (+ SE) values of habitat and resource variables of the three studied training structures.
Significant differences (P<0.05) are indicated by different letters. Flow velocity is presented as median
categories (+ mean deviation from the median). AFDW = ash free dry mass, Chl a = chlorophyll a, FPOM = fine
particulate organic matter, SPOM = Suspended particulate organic matter.

Standard Parallel Rip rap
groyne groyne
Habitat variables
Flow velocity 2+0° 1+1° 3+0°
Gravel (%) 68+9° 20+14°  17+13°
Macrophytes (%) 1+1° 14+8° 0+0°
FPOM (%) 0+0° 2+1° 0+0°
Oxygen concentration (mg L) 13+1° 13+2° 14+2°
Sand (%) 31+9° 78+13° 83+13°
Stones (%) 2£1° 7£6° 80+12°
Water temperature (°C) 15+5° 15+6° 15+5°
Resource variables
Chl a from SPOM (g L'l) 45+26° 20+14° 42 +31°
Periphyton standing stock (mg AFDM m™) 8+4° 6+5° 6+3°
Sediment organic matter (%) 4+1° 9+3° 1+0°
SPOM (mg AFDM L) 9+5° 4+3° 16+12°

Statistical analyses

Species richness and biomass was tested by repeated measure (RM) ANOVA and followed by Holm-Sidak tests.
Data was tested for normality and homogeneity of variances and was transformed if necessary.

Results and discussion

The parallel groyne had significantly higher diversity and biomass than the standard groyne and the rip rap
(Fig. 1a, b) but both parameters did not significantly differ between the standard groyne and the rip rap. Total
annual secondary production was highest in the parallel groyne, 3-fold lower at the standard groyne and more
than 4-fold lower at the rip rap (Fig.1c). Bootstrapped 95% Cl indicated that all three shore types differed
significantly in total annual secondary production at the 0.05 level. Variables related to food resource
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availability showed only minor differences among training structures and only sediment organic matter
content differed among training structures (Table 1). Conversely, variables describing microhabitat structure
differed significantly. For example, percentage of stones and flow velocity were significantly higher in the rip
rap than the other two training structures (Table 1). Percentage of macrophytes and FPOM was significantly
higher in the parallel groyne than in the other two training structures.
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Fig. 1. Species richness (a), biomass (b), total secondary production (+ 95% CI) (c) of the studied training
structures. Significant differences are indicated by different letters.

The higher diversity, biomass and secondary
production in the parallel groyne may thus be
explained by the higher variation of flow velocity and
the occurrence of spatially complex microhabitats
observed here. This corresponds to previous studies
showing that especially variations in flow velocity
favor diverse communities in large rivers 10,11
Secondary production was mainly dominated by
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Diptera at all sites. In the standard groyne secondary
production by Diptera exceeded 90% of total
community production. As an exception, secondary
production in the rip rap was dominated by invasive

Contribution to annual secondary production [%]

0 FAVAVAVAY VAVAVAVAY FAVAVAVAY . . .
Standard Parallel Rip Crustacea with 48% followed by Diptera with 40% of
groyne groyne rap total community production. The only mentionable

contribution of Gastropoda to secondary production
could be detected at the parallel groyne with 20%.
Here, the invasive snail Potamopyrgus antipodarum
was dominating the group. In contrast to the parallel
groyne, the higher flow velocity and a significantly
higher proportion of stones at the riprap was followed by a higher share of rheophilic species associated with
hard bottom, lital habitats, e.g. Ancylus fluviatilis (Gastropoda) and Hydropsyche sp. (Trichoptera). Their
substantially lower productivity cannot compensate for the lower share of productive Diptera assemblages,
which dominated and boosted the production in the standard- and parallel groyne. Several Neozoa found at
the rip rap are typical colonisers of hard substrate, e.g. Jaera sarsi (Crustacea), and a high share of Neozoa on
stones used for artificial shore constructions were also shown for other river systems 02 n summary, our
results suggest that the type of training structure may drive the establishment success of Neozoa and that
even though invasions of non-native species are omnipresent in navigable rivers, the standing stocks and
secondary production of Neozoa may be regulated by man-made structures. This may primarily be achieved by
a restriction of the use of stones and boulders as materials for riverine training structures. Moreover, we
recommend considering training structures that improve hydrodynamics and favor the establishment of

Fig. 2. Percentage contribution of major taxonomic
groups, separated into native and non-native taxa, to
total weighted annual secondary production

60



X %,

Stav vod v povodi Labe - nové vyzvy £ mes
Gewasserzustand der Elbe - neue Herausforderungen R s

“,
kY
%

I‘
lnr'-’

POYODI 1ABE

diverse habitats whenever training structures are revised and where such constructions turn out to be
feasible.
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RozSireni nepiivodnich druhiti
makrozoobentosu na dlouhodobé
sledovanych profilech

Jan Spacek, Jifi Hotovy, Pavel Hajek, Vaclav Koza

Summary

Since 2004, samples of macrozoobenthos have been taken on 591 profiles from both running and standing
water bodies. Non-native species of macrozoobenthos have been found on 137 profiles. Native communities
are often strongly influenced by non-native species, in many cases these species have even become dominant.

Introduction and spreading of non-native species is allowed or even facilitated by human activity, whether with
or without intention. Due to the regular and long-term monitoring of key profiles, mainly on the river Elbe, we
are able to record the spreading and density increase of these species.

Corbicula fluminea, Dikerogammarus villosus and Orconectes limosus are the species, that influence the native
communities the most, mainly by competition for food and space, by predation and as infection vectors. All
around the middle and lower parts of the river Elbe, very dense populations of C. fluminea force the native
bivalv species out. D. villosus is an aggressive predator of many small water invertebrates. O. limosus is the
main vector of crayfis plague (Aphanomyces astaci), which is lethal for european species of crayfish.

Recently, Corophium curvispinum, C. robustum and Jaera istri, are starting to spread masivelly in the lower
Czech parts of the river Elbe. During the summer seasons, these species are even becoming dominant at
suitable localities. Potamopyrgus antipodarum also forms dense populations, mainly in smaller brooks with
sandy bottom. Water quality in standing water bodies may be strongly influenced by Dreissena polymorpha.
The effect of other non-native species on communities is not so prominent. Yet.

Uvod

Od roku 2004 byly pracovniky Povodi Labe, statni podnik provedeny odbéry vzork(l makrozoobentosu na
591 profilech tekoucich i stojatych vod. Na 137 profilech byl zjistén vyskyt neplvodnich druh
makrozoobentosu. Vyskyt téchto druhl casto silné ovliviiuje plvodni spolecenstva organism(, v fadé pripadd
se nepuvodni druhy na lokalitdch stavaji dominantnimi. Diky pravidelnému monitoringu dulezZitych profild,

zejména na patefnim toku povodi fece Labi, Ize vysledovat rychlost Sifeni nékterych druh( a narUst jejich
pocetnosti na lokalitach.

Metodika

Vybér sledovanych profilG a cetnost sledovani zavisi na pozadavcich pravnich predpisi. Obecné vychazi ze
Smérnice 2000/60/ES Evropského parlamentu a rady (Ramcova smérnice), zdkona ¢. 254/2001 Sb. a vyhlasky ¢.
98/2011 Sb. Seznam profilt a rozsah stanoveni upfesfiuje RAmcovy program monitoringu.

Odbéry makrozoobentosu jsou provadény dle metodik schvalenych Ministerstvem Zivotniho prostiedi CR —
Metodika odbéru a zpracovani vzork&l makrozoobentosu tekoucich vod metodou Perla (KOKES & NEMEJCOVA,
2006) a Metodika odbé&ru a zpracovani vzorki makrozoobentosu stojatych vod (ADAMEK, 2006).

Sledované uzemi

Sledované profily jsou na Uzemi, které spada do spravy Povodi Labe, statni podnik. Rada mensich tokd, na
kterych probihalo sledovani, byla dfive ve spravé Zemédélské vodohospodarské spravy. Vétsina tokl tedy
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patfi hydrologicky do povodi feky Labe. Pouze nékolik tokl na Liberecku, Frydlantsku a Broumovsku pfislusi
hydrologicky k povodi feky Odry.

Z hlediska fadu toku jsou vzorkovany toky od 4. po 8. fad toku dle Strahlera. Nejnize poloZzenym profilem je
Labe v Hfensku — 115 m n. m., nejvy$e polozenym profilem je Cernd Desnd nad pfehradni nadrzi Sous —
775 mn. m.

Vysledky

V letech 2004 — 2013 bylo vzorkovano 591 profildl na 348 tocich a nadrzich. Na 137 profilech byl zaznamenan
vyskyt nékterého z neplvodnich druhl vodnich bezobratlych. Celkem bylo zjisténo 23 neplivodnich druh.
Kromé toho je zndmo z oblasti povodi Labe jesté dalSich 7 neplvodnich druh(, které nebyly zjistény v rdmci
monitoringu.

Nejvyse poloZenou lokalitou se zaznamenanym vyskytem neplvodniho druhu je Zbudovsky potok v Klasterci
nad Orlici (480 m n. m.). VétSina lokalit (89%) se vSak nachazi v nadmofrskych vySkdch do 300 m n. m.
Vyskovou distribuci lokalit s neplvodnimi druhy udava tabulka Tab. 1.

Tab. 1: Distribution of localities with nonnative species by altitude

Nadmorska vyska/Altitude (m) | Pocet lokalit/ Number of localities | Podil/Ratio (%)

115-150 11 8

151 - 200 27 19,7
201 - 250 54 39,4
251 -300 30 21,9
301 - 350 7 5,1
351 -400 3 2,2
401 - 450 4 2,9
451 - 500 1 0,7

Na 59 profilech s vyskytem neplvodnich druhl byl vyhodnocen ekologicky stav. Vice neZ polovina téchto
profild ma poskozeny ekologicky stav. Pouze na dvou profilech Ize hodnotit ekologicky stav jako dobry. Pfehled
hodnoceni ekologického stavu uvadi tabulka Tab. 2.

Tab. 2: Results of 59 localities ecological status classification

Ekologicky stav/Ecological status | Pocet lokalit/ Number of localities | Podil/Ratio (%)
Velmi dobry stav/ High status 0 0
Dobry stav/ Good status 2 3,4
Stiedni stav/ Moderate status 18 30,5
Poskozeny stav/ Poor status 32 54,2
Znic¢eny stav/ Bad status 7 11,9

Prehled zjiSténych druhu

Na pravidelné monitorovanych profilech byly nalezeny druhy Dugesia tigrina (Girard, 1850), Corbicula fluminea
(O. F. Mdiller, 1774), Dreissena polymorpha (Pallas, 1771), Potamopyrgus antipodarum (Gray, 1843), Physella
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acuta (Draparnaud, 1805), Gyraulus parvus (Say, 1817), Menetus dilatatus (Gould, 1841), Ferrissia fragilis
(Tryon, 1863), Branchiura sowerbyi Beddard, 1892, Caspiobdella fadejewi (Epstein, 1961), Piscicola haranti
Jarry, 1960, Jaera istri Veuille, 1979, Proasellus coxalis (Dollfus, 1892), Gammarus roeseli Gervais, 1835,
Dikerogammarus villosus (Sowinsky, 1894), Corophium curvispinum Sars, 1895, Corophium robustum Sars,
1895, Orconectes limosus (Rafinesque, 1817), Hemimysis anomala (Sars, 1907), Leuctra geniculata (Stephens,
1836), Hydropsyche exocellata Dufour, 1841, Pectinatella magnifica Leidy, 1851 a Plumatella casmiana Oka,
1907.

Dale jsou z povodi feky Labe znamy jesté dalsi neplvodni druhy Craspedacusta sowerbii Lankester, 1880,
Sinanodonta woodiana (Lea, 1834), Caspiobdella cf. caspica (Selensky, 1915), Atyaephyra desmaresti (Millet,
1831), Pacifastacus leniusculus (Dana, 1852), Astacus leptodactylus Eschscholtz, 1823 a Eriocheir sinensis H.
Milne Edwards, 1853.

Vliv na spolecenstva

Z uvedenych druhl nejvyznamnéji ovliviiuji pavodni spolecenstva organism( invazni druhy Corbicula fluminea,
Dikerogammarus villosus a Orconectes limosus. Vliv téchto druh( je vyrazné negativni. Jde pfedevsim o
potravni a prostorovou kompetici, pfimou predaci a pfenos nebezpecnych chorob. Druh Corbicula fluminea je
povaZovan za jeden z druhll vyrazné negativné ovliviiujici pvodni spolecenstva v globalnim méritku (FRANCIS
ED., 2012). V oblasti dolniho a stfedniho Labe vytvari velmi husté populace. Dikerogammarus villosus a
Orconectes limosus plsobi problémy hlavné v evropskych vodach. D. villosus pfedevsim predaci jinych druhl
vodnich bezobratlych. O. limosus jako hlavni pfenasec rac¢iho moru (pliset Aphanomyces astaci) na evropské
druhy rakd (STAMBERKOVA ET AL., 2009). V oblasti dolniho Labe se zacinaji masové $ifit oba druhy rodu
Corophium a Jaera istri. Tyto druhy dominuji na vhodnych lokalitach zejména v letnich mésicich. Potamopyrgus
antipodarum vytvafri silné populace pfedevsim v mensich piscitych tocich. Vliv ostatnich druh( zatim neni tak
dramaticky, nebo se jeho vliv v posledni dobé zmensuje (Physella acuta). Ovlivnéni spolecenstev mechovkami
Pectinatella magnifica a Plumatella casmiana neni zatim dostate¢né znamé. Zvlastni postaveni ma druh
Dreissena polymorpha. Vyskytuje se predevsSim v kanalizované Casti feky Labe. Jeji vliv na spolecenstva
v tekoucich vodach neni vyrazny. Naopak ve stojatych vodach vytvari jeji larvalni stadia bohatou potravni
zakladnu pro planktonofagni organismy. Dospéli jedinci dokaZou vyrazné ovliviovat kvalitu vody v nadrzich,
zejména diky své schopnosti ucinné filtrace. Ve stojatych vodach je v Polabi hojné rozsitena, predevsim
v pisnicich a v prehradni nadrzi Rozkos.

Zemépisny piivod nepiivodnich druhii

Dreissena polymorpha, Caspiobdella fadejewi , Jaera istri, Dikerogammarus villosus, Corophium curvispinum S,
Corophium robustum, Hemimysis anomala — pontokaspicka oblast.

Dugesia tigrina, Physella acuta, Gyraulus parvus, Menetus dilatatus, Ferrissia fragilis, Orconectes limosus,
Pectinatella magnifica — severni Amerika

Corbicula fluminea, Branchiura sowerbyi, Plumatella casmiana — jizni a jihovychodni Asie

Potamopyrgus antipodarum — Novy Zéland

Piscicola haranti, Proasellus coxalis, Leuctra geniculata — stfedomorska oblast

Hydropsyche exocellata — zapadoevropsky druh

Gammarus roeseli Gervais — vychodoevropsky druh

Zpitisoby Sireni

Fyzicky prostfedek nebo zafizeni, jeho? pomoci se druh §ifi, se nazyva vektor (MLYKOVSKY & STYBLO, 2006).

Hlavnimi vektory umozZiujicimi Sifeni vodnich bezobratlych jsou kanaly propojujici feky a povodi, lodni
doprava, obchod s vodnimi organismy a akvakulturami, rybi ndsada, vodni ptactvo a schopnost samovolného
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Siteni (TITTIZER & AL., 2000). Sifeni neptivodnich druht je umoZnéno nebo zprostiedkovano piedeviim lidskou
¢innosti. At uz jde o Umyslné nebo neimysiné introdukce.
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Die fischokologische Durchgangigkeit in
Vorranggewassern der FGG Elbe - AKktueller
Stand und Handlungsziele bis 2021

Gaumert, Thomas
Behérde fiir Stadtentwicklung und Umwelt, Hamburg

Abstract

The first management plan for implementation the EC Water Framework Directive of the River Basin
Community Elbe identified the improvement of the migration possibilities for lamprey and fish as an important
water management issue. Within the aims of operation until 2015 more than 100 barriers on the preference
waters net were named by state and federal goverments, where fish passability should be restored. This
preference waters net, being the basis of the eel management plan too, is composed of the Elbe River and the
main migration routes on the tributaries.

In preparation for the second management plan a review of the action objectives until 2015 has taken place. It
could be determined, that despite of a series of difficulties a substantial number of measures will be fully or
nearly completed. An important example is the new generously dimensioned fish pass on the northern bank of
the weir in Geesthacht. In combination with the structure on the southern bank it ensures since 2010, that very
large numbers of lampreys and long distance migratory fish species, coming from the sea, can reach the
upstream river basin, including Czech Republic.

A special ecological barrier is the oxygen deplete on the Tidal Elbe, interfering the fish migration downstream
of Hamburg in warm season. In extreme cases it causes fish dying. Experts agree, that the high nutrient load of
the Elbe, identified as another important water management issue, and the small specific water surface on the
seagoing vessel waterway are the two essential causes. Here are several aspects of improvement.

The talk will end with an outlook on the action objectives of the second management plan until 2021. It will
outline action areas, where a sustainable improvement of living conditions for the fish fauna in the river basin
of the Elbe can be reached.

Verbesserung der 6kologischen Durchgangigkeit - Hintergrund und Zielsetzung

Im 1. Bewirtschaftungsplan (BP) zur Umsetzung der EG-WRRL wurde die ,,Hydromorphologische Belastung”
der Oberflachengewdsser als Wichtige Wasserbewirtschaftungsfrage (WWBF) identifiziert, fir die iberregio-
nale Strategien zur Erreichung der Umweltziele entwickelt werden mussten. Ein besonderer Aspekt betraf
dabei die Verbesserung der 6kologischen Durchgangigkeit. Im Vordergrund der Berichterstattung stand damals
die Fischdurchgangigkeit im sogenannten Vorranggewassernetz der Flussgebietsgemeinschaft Elbe (FGG Elbe),
verbunden mit den ersten Handlungszielen bis 2015. Zum Vorranggewassernetz zahlen FlieRgewasser,

e die verschiedene Bundeslander queren und

e die aus 0Okologischer Sicht vor allem fiir Gberregionale Zielfischarten als Hauptwanderkorridore
zwischen ihren verschiedenen Lebensraumen bzw. Habitaten von hoher Bedeutung sind.

Zusatzlich wurden auch Gewadsser benannt, die keine Landesgrenzen (iberschreiten, aber im Elbeeinzugsgebiet
spezifische 6kologische Funktionen fir die typische Fischfauna im Bereich der FGG Elbe (ibernehmen. Das
Vorranggewadssernetz ist eine Teilmenge des berichtspflichtigen Gewdssernetzes, unter das alle FlieRgewdasser
mit einem Einzugsgebiet > 10 km” fallen.

Eine vertiefte fachliche Betrachtung zu diesem Aspekt erfolgte in einem mit dem 1. BP korrespondierenden
Hintergrunddokument mit dem Titel ,,Ermittlung Gberregionaler Vorranggewasser im Hinblick auf die Herstel-
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lung der Durchgangigkeit fir Fische und Rundmauler im Bereich der FGG Elbe sowie Erarbeitung einer Ent-
scheidungshilfe fiir die Priorisierung von MaBnahmen®. Dort sind generelle Aspekte aufgefiihrt, die das
Erfordernis der 6kologischen Durchgangigkeit als eine wichtige Voraussetzung fiir einen intakten Natur-
haushalt der FlieRgewdasser aufzeigen. Ferner werden die Zielarten (hier: stérungsempfindliche Arten im Sinne
der EG WRRL) und ihre Bedeutung fiir die MaRnahmenplanung beschrieben sowie das Uberregionale
Vorranggewadssernetz definiert.

Die eigentliche Zielstellung ergibt sich aus dem Anhang V der WRRL. Dort geben die , Normativen Begriffs-
bestimmungen zur Einstufung des Okologischen Zustandes” Auskunft, was bei den biologischen, hydro-
morphologischen und physikalisch-chemischen Qualitdtskomponenten z. B. unter einem ,guten 6kologischen
Zustand” in den FlUssen zu verstehen ist.

Die Verbesserung der okologischen Durchgangigkeit der FlieRgewasser sowie die Wiederherstellung von
angemessenen Lebensrdumen mit geeigneten Laich- und Aufwuchshabitaten fir Fische und Neunaugen ist
demnach ein wichtiger Gesichtspunkt zur Erreichung der Bewirtschaftungsziele der WRRL im Flussgebiet der
Elbe.

In dem zweiten Hintergrunddokument (in Vorbereitung), das auf dem entsprechenden aktuellen Erlauterungs-
dokument der FGG Elbe aufbaut, geht es sowohl um eine weitere fachliche Ausdifferenzierung des Themas
,Okologische Durchgéngigkeit”, als auch um die Uberpriifung und Abrechnung der Zielfestlegungen aus dem 1.
BP sowie Benennung der Handlungsziele fiir den zweiten Bewirtschaftungszyklus. Der Schwerpunkt der
Betrachtung liegt zwangslaufig wieder auf dem Vorranggewassernetz als Abrechnungsbaustein. Gleichwohl
werden der Vollstandigkeit halber auch Aspekte im berichtspflichtigen Gewassernetz aullerhalb des Vorrang-
gewadssernetzes in den einzelnen Kapiteln aufgegriffen, da zur Entwicklung von flussgebietstypischen Wander-
fischbestanden die bereits im Rahmen des ersten Bewirtschaftungsplans zur Umsetzung der EG-WRRL
ausgewiesenen, (berregionalen Vorranggewasser (liberregionale Wanderrouten) mit den nachgeordneten
regionalen Wanderrouten bzw. bedeutenden Laich- und Aufwuchsgewdssern zu vernetzen sind. Dabei
unterliegt es der Uberpriifung bzw. einer Beurteilung durch die Lander, ob derartige Gewassersysteme mit
entsprechenden Lebensrdumen (Verflgbarkeit, Gewasserflache, Habitatqualitat) bereits hinreichend vorhan-
den sind oder zukinftig noch durch geeignete MaRnahmen zu entwickeln und an die Wanderkorridore
anzuschlieBen sind, damit sie ihre Okologischen Funktionen in einem vernetzten Gewadssersystem erfillen
kénnen. Dabei spielen auch die Sohlanbindung fir die ungehinderten Wanderbewegungen der sediment-
gebundenen wirbellosen Fauna und der Sedimenttransport eine wichtige Rolle.

Durchgangigkeit fiir Sedimente

Die Aspekte zur Durchgangigkeit flir Sedimente, wie sie beispielsweise in Anhang V, 1.2.1 der EG WRRL
angesprochen werden, sind mit dem Sedimentmanagementkonzept Elbe bearbeitet worden. In diesem
Konzept wurde die Bedeutung der Sedimente fiir die Verbesserung der hydromorphologischen Verhéltnisse
herausgearbeitet. Sowohl die mangelnde Sedimentdurchgangigkeit insbesondere als Konsequenz der groRen
Anzahl an Querbauwerken im Einzugsgebiet als auch die negative Sedimentbilanz (Sedimentdefizit) sind
Schllsselfaktoren; denn durch sie werden auch weitere hydromorphologische Parameter negativ beeinflusst.
Unter anderem flihrt das vorherrschende Sedimentdefizit zu Eintiefungsprozessen der Gewasser-sohle, denen
aufgrund ihres ursachlichen Zusammenhangs mit der Entkopplung von Flussbett und Aue besondere Bedeu-
tung zukommt. Das Sedimentmanagementkonzept konkretisiert sedimentrelevante hydromorphologische
Handlungsempfehlungen und bietet Kriterien zur Auswahl und Priorisierung von Empfehlungen.

Fische im Blickpunkt der Offentlichkeit und ihre Bewertung

Rickblickend war es von Vorteil, bei der Herstellung der 6ffentlichen Akzeptanz fir die Umsetzung von MaR-
nahmen zur Wiederherstellung der 6kologischen Durchgdngigkeit auf den ,Fisch” als Sympathietrager zu
setzen. Die Interessen der Nichtregierungsorganisationen (NGOs) und der Wasserwirtschaftsbehorden finden
sich bei diesem Thema weitestgehend vereint. Nach entsprechender Umgestaltung eines Querbauwerkes
konnten die Erfolge meist unmittelbar vor Ort durch entsprechende Aufstiegskontrollen belegt werden.
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Allerdings sind diese positiven Auswirkungen wegen der Tragheit biologischer Systeme nicht sofort im
gesamten Oberflachenwasserkorper spirbar. Erst im Laufe der darauffolgenden Jahre ist unter bestimmten
Voraussetzungen mit einer Verbesserung innerhalb der bisherigen fischdkologischen Zustandsklasse zu
rechnen. Bestenfalls kann auch ein Klassensprung zum Besseren stattfinden. Ein Grund liegt im Fischbewer-
tungsverfahren ,fibs” selbst. Fibs beriicksichtigt und bewertet nicht nur Wanderfischarten als Metrix sondern
alle in der Fischfauna vorkommenden 6kologischen Gilden. Der Migrationsindex ist folglich nur ein Teilaspekt
bei der Bewertung der gesamten Fischfauna. Ferner stellt das Fischbewertungsverfahren auf eine Referenz-
zonose ab, in der alle Arten in einem bestimmten prozentualen Verhéltnis zueinander stehen. Dabei spielen
die absoluten Haufigkeiten keine Rolle, sofern das prozentuale Verhéltnis zueinander gewahrt bleibt.

Jedoch verbessert z. B. die neue grolRe Fischaufstiegsanlage am Wehr Geesthacht am Nordufer nachweislich
den massenhaften Aufstieg fast aller Arten. Mit der Zunahme der Bestandsstdarken oberhalb des Wehres
Geesthacht wird der Einwanderdruck nicht nur in das Vorranggewassernetz, sondern auch in das gesamte
berichtspflichtige Gewassernetz erhoht. Die grofRen Stlickzahlen aufstiegswilliger Tiere am Wehr Geesthacht
kdnnen eine nachhaltige Zunahme von Wanderfischarten und ihrer Laichpopulationen in den oberen
Teileinzugsgebieten herbeifiihren und damit zu einer Verbesserung der Gesamtbewertung beitragen.

Fischabstiegssituation

Im Zusammenhang mit der Verbesserung der Fischaufstiegssituation wurde in der Facharbeitsgruppe auch
immer wieder der Fischabstieg als zweiter wichtiger Teilaspekt der 6kologischen Durchgangigkeit thematisiert.
Insbesondere stellte sich die Frage nach geeigneten Abstiegsmoglichkeiten fir Fische und Neunaugen an
Wasserkraftanlagen. Trotz diverser in jingerer Vergangenheit umgesetzter MalRnahmen zu Verbesserungen
des Fischschutzes und des Fischabstiegs sowie durchgefiihrter Untersuchungen ist der derzeitige Kenntnis-
stand insgesamt leider generell noch recht liickenhaft und weit davon entfernt, durch ein geeignetes
Regelwerk gefasst zu werden. Aus diesem Grunde musste dieses Thema auf einen spateren Zeitpunkt
verschoben werden.

Mitverantwortung der Wasser - und Schifffahrtverwaltung

Unterstltzung erhalt der Teilaspekt ,Verbesserung der Okologischen Durchgangigkeit” durch die neue
Verantwortung der Wasser- und Schifffahrtsverwaltung. Mit der am 1. Marz 2010 in Kraft getretenen
Neufassung des Wasserhaushaltsgesetzes (WHG) wird die Wasser- und Schifffahrtsverwaltung des Bundes
(WSV) durch § 34 Abs. 3 WHG verpflichtet, an den von ihr errichteten oder betriebenen Stauanlagen der
Bundeswasserstrallen MaBnahmen zur Erhaltung und Wiederherstellung der Durchgangigkeit durchzufiihren,
soweit diese zur Erreichung der Ziele nach WRRL erforderlich sind. Die WSV handelt hierbei hoheitlich im
Rahmen ihrer Aufgaben nach dem BundeswasserstraBengesetz (WaStrG). Wenngleich die Gesamtverant-
wortung fiir die WRRL bei den Bundeslandern verbleibt, so hat die WSV dennoch eine neue, aktive Rolle fiir
MalBnahmenumsetzungen an den Bundeswasserstrafien erhalten.

Sauerstofftal der Tideelbe

Das Thema ,,Beeintrachtigung der 6kologischen Durchgangigkeit durch das Sauerstofftal der Tideelbe” wird,
wie bereits im 1. BP, weiterhin unter der WWBF ,Hydromorphologische Belastung” angesprochen, da eine der
wichtigen Ursachen fiir das Sauerstofftal die zurlickliegenden wasserbaulichen Umgestaltungen z. B. von
Fahrrinne, Nebengewassern und Hafen sind, die zu negativen Veranderungen der Gewassermorphologie
(Gewdsserstruktur), der spezifischen Wasseroberfliche und Gewaéssergiite gefiihrt haben. Als eine weitere
wichtige EinflussgroBe bei der Auspragung des Sauerstofftals wird die Sekundarverschmutzung durch
abgestorbene Algen angesehen, die sich aufgrund einer GbermaRigen Nahrstoffbelastung aus dem Einzugs-
gebiet oberhalb des Wehres Geesthacht massenhaft in der Oberen und Mittleren Elbe entwickeln kénnen. Aus
diesem Grunde ist das Thema auch im Hintergrunddokument zur WWBF , Nahrstoffbelastung” verankert.
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Resumé

Escapement success and patterns of catadromous migration of female silver eel Anguilla anguilla (L.) was
studied by combination of stationary (ATS - 6 detection stations, SRX-DL3, Lotek Inc.) and mobile (SRX 600,
Lotek Inc.) radio telemetry in two international river basins (Elbe and Oder rivers) included in the Eel
Management Plan of the Czech Republic. Based on electrofishing surveys in upper river's (Elbe basin; Berounka,
Ohre and Elbe rivers; Oder basin, Oder, Opava, OlSe, Ostravice) section, a total of 91 eels (LT= 67-113cm) were
implanted with coded radio transmitters (MCFT2-3FM) and released at site of capture between August 2012
and June 2013. After 2 years tracking, 24 eels (27%) started catadromous downstream migration, 8 eels (9%)
were detected using ATS from that 4 individuals (4%) were detected at the transboundary waters with
Germany and Poland. The escapement success between studied rivers ranged from 14.3 to 25% in Elbe river
basin and from 0 to 100% in Oder river basin indicating high among-rivers variability. A total escapement
success was estimated at 12,5 % and 62,5% for Elbe and Oder river basins respectively.

Uvod

V poslednim desetileti byl pozorovan populacni pokles thote ficniho (Anguilla anguilla L.) pfedstavujici méné
nez 1% historické pocetnosti [2]. Tato skutecnost vedla Evropské Spolecenstvi (ES) k adopci opatfeni, kterd
maji za cil zastavit pokles a obnovit populaci Uhofe, prostfednictvim legislativniho opatfeni Nafizeni Rady EC ¢.
1100/2007 a odvozenych pland managementu Uhofe (EMP), které maji za cil mj. garantovat migracni
Uspésnost (MU) Ghofe bé&hem katadromni reprodukéni migrace pro minimalné 40 % populace v daném CS.
Musil a kol. [3] zpracovali EMP pro CR s tim, Ze v d@sledku neexistence relevantnich dat byla MU stanovena
modely datovych fad lovenych ryb v jednotlivych revirech a na zakladé expertnich odhadu z jiz publikovanych
informaci (mortalita spojena s provozem MVE, rybolovem aj.).

Cilem projektu bylo stanoveni skuteéné MU Ghoie béhem katadromni migrace, které je kli¢ovou informaci
vyzadovanou Narizenim Rady ES a EMP. Tato informace je nezbytna k verifikaci pouZitych odhadu, ke znalosti
redlného stavu a naslednému navrZeni, realizaci a kontrole takovych opatfeni, ktera budou umozriovat
katadromni reprodukéni migraci uhofte ficniho zpét do more.
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Material a metody

Odlovy, znaceni a telemetrie

Stanoveni MU bylo realizovano na vybranych lokalitdich EMP CR [3]. Ve viech pfipadech jde o specifické tseky
Ficni sité bez pritomnosti velkych vodnich dél znemoznujicich migraci ryb.

Pro sledovani katadromni migrace Uhofe fi¢niho a stanoveni MU byla pouZita metoda radiové digitalni
telemetrie a to kombinace automatické stacionarni (ATS) a mobilni (MT) telemetrie.

Ryby byly odloveny elektrolovem v pribéhu srpna aZ fijna 2012, resp. kvétna az zafri 2013, za asistence
Ceského rybarského svazu. Z odlovenych jedinc@ byli na zdkladé vnéjsich morfologickych znakd vybrani jedinci
s pravdépodobnosti zahdjeni katadromni migrace a standardizovanymi metodami byli veterinarnim lékarem
individualné znaceni transmitery (vysilackami) a vypusténi na misto odlovu. Celkem bylo znaceno v povodi
Labe 71 a v povodi Odry 20 Uhot Ficnich. Podrobné uvadi metodiku Musil a kol. [4].

VysledKky a diskuze

MU Uhote byla stanovena jednak ve vybranych povodich, které pfedstavuji vyznamné biokoridory, a jako
celkovéd MU v ramci Gzemi CR, ktera dosahla 12,5% v povodi Labe a 62,5 % v povodi Odry. MU v povodi Labe je
velmi nizka, dokonce i ve srovndni s regulovanymi toky jako jsou Meuse [6] nebo Ryn [1]. Vysvétlenim je
soucasny boom vystavby MVE v CR, které pro Uhote prokazatelné predstavuji nejvyznamnéjsi faktor mortality.
Poproudova migrace nejen Uhofe tak nutné vyZaduje okamzitda ochranna opatfeni. Literatura uvadi, Ze
katadromni migrace probihd vyhradné v nocnich hodinach [5]. Ze zaznamU( ATS je vsak zfejmé, Ze ryby
migrovaly v nocnich i dennich hodinach. Ve shodé s fadou autorll bylo pozorovano, Ze nejvyznamnéjsim
faktorem ve vztahu k zahajeni katadromni migrace je zvysujici se pratok. Naopak vliv mési¢ni faze ani teplota
neovliviiovaly pribéh migrace. BEhem katadromni migrace uhofte byly pozorovany dva odliSné modely chovani
a to nepretrzity a prerusovany pohyb. Podobné chovani je popsano také zreky Meuse [6]. V pripadé
nepretrzité migrace pak uhof fi¢ni dosahuje rychlosti kolem 5,9km.h-1, co? napftiklad z lokality Zatec
predstavuje 13h migraci na statni hranici.
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Umsetzung des
Sedimentmanagementkonzeptes in
Sachsen-Anhalt

Hans Peschel, Ulrike Hursie, Petra Kasimir

Summary
Implementation of sediment management concept in Saxony —Anhalt

Current loads of sediment bounded pollutants in the river Elbe originate in major part from the old mining in
the catchment area of river Mulde and river Saale, and from contaminated land. These include in particular the
legacy of the former chemical industry, on the territory of today's Saxony- Anhalt. As a contribution to the
planning of measures for the second management plan for implementing the EU directive 2000/60/EG (WFD),
a sediment management concept is situated in Saxony -Anhalt therefore. Until the end of 2013 the essential
technical foundations were completed.

The results obtained are discussed as recommendations for action in the river Elbe sediment management
concept of FGG Elbe. Based on these technical foundations, the first proposals will implement from 2014.

In Saxony-Anhalt the following projects are in the focus of the sediment management in 2014:
1. Elimination of older sedimets depots

In the river Bode and side structures of the river Saale (Miihlgraben in the urban area of Halle/Saale) a
preliminary design of measures including identification of a preferred alternative and cost estimate will
be made.

2. Fine sediment management

For the offshore terminal of the river Saale locks “Rothenburg”, “Alsleben”, “Wettin” and “Calbe” the
further procedure should be established for a targeted management of dams/barrages. This also takes
coordination with the Water and Shipping Administration. Appropriate and proportionate methods to
the improvement of the pollutant retention will be tested for the “Muldestausee”.

3. Remediation and reduction of point sources and contaminated sites

On the affected contaminated sites a risk minimization is performed by current actions, and further
investigations and measures will be prepared.

In the results of the projects "load reduction Schliisselstollen” and " load reduction Spittelwasser " no
proportionate solutions could be found, so the derivation of less stringent environmental objectives will
be pursued.

Einleitung

Aktuelle Belastungen der Elbe mit sedimentgebundenen Schadstoffen stammen zu groRen Teilen aus dem
Altbergbau im Einzugsgebiet von Mulde und Saale sowie aus Altlasten. Hierzu gehéren insbesondere Altlasten
der ehemaligen Chemieindustrie, die auf dem Gebiet des heutigen Sachsen-Anhalts liegen. Sachsen-Anhalt hat
aus diesem Grund ein Sedimentmanagementkonzept fir die wichtigsten Gewdasser des Landes aufgestellt. Die
Konzepterarbeitung erfolgte in enger Zusammenarbeit mit der FGG Elbe sowie der IKSE, die Ergebnisse flossen
in das elbeweite Sedimentmanagementkonzept ein.
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Ende 2013 waren in Sachsen-Anhalt die wesentlichen fachlichen Grundlagen fir das
Sedimentmanagementkonzept fertiggestellt. Dazu gehoren folgende Untersuchungen:

e Bestandsaufnahme der Altsedimente in der Saale und Mulde einschlieflich der relevanten
Nebengewadsser und Seitenstrukturen,

¢ Ermittlung des Remobilisierungspotenzials in ausgewahlten Gewassern,

¢ Frachtreduzierung Schlisselstollen,

e  Frachtreduzierung Spittelwasser und

¢ Altsedimente im Unterlauf der Bode.

Die dabei erzielten Ergebnisse sind als Handlungsempfehlungen in das elbeweite Sedimentmanagementkon-
zept der FGG Elbe eingegangen. Auf der Basis dieser fachlichen Grundlagen werden ab 2014 in Sachsen-Anhalt
die ersten MaRnahmenvorschlage umgesetzt. Das Sedimentmanagementkonzept Sachsen-Anhalt wird im
zweiten Bewirtschaftungszyklus zur Umsetzung der Wasserrahmenrichtlinie fortgefihrt.

Folgende Projekte stehen 2014 in Sachsen-Anhalt im Mittelpunkt des Sedimentmanagements:

e Beseitigung von Altsedimentdepots im Einzugsgebiet der Saale,
¢ Feinsedimentmanagement in den Vorhafen der Saaleschleusen und im Muldestausee sowie
e Sanierung und Reduzierung von Punktquellen und Altlasten.

Beseitigung von Altsedimentdepots

Altsedimentdepots sind schadstoffbelastete Sedimentablagerungen, die eine sekundare Schadstoffquelle im
Gewasser sein konnen. Die Untersuchungen in den Jahren 2011 und 2012 haben gezeigt, dass
Altsedimentdepots mit tberregionaler Wirkung insbesondere in den Seitenstrukturen der Saale sowie in der
Bode, einem Nebenfluss der Saale, zu finden sind. Fir den Miihlgraben, einen Nebenarm der Saale im
Stadtgebiet von Halle/Saale wird 2014 eine Vorplanung zur Auswahl von geeigneten MaBnahmen zur
Minderung der von diesen Altsedimentdepots ausgehenden Schadstoffwirkungen erfolgen.

AulRerdem werden geeignete MaRnahmen in der Bode gepriift.

Vorplanung zur Sicherung/Beseitigung/Minimierung von belasteten
Altsedimenten im Miihlgraben Halle/Saale

Im Mihlgraben in Halle an der Saale sind relevante Mengen an belasteten
Altsedimenten vorhanden. Nachuntersuchungen zur Wirkung des Juni-
Hochwasser 2013 haben ergeben, dass ein Teil der Sedimente aus dem
Mdihlgraben bereits wieder verlagert wurde. Es ist deshalb davon auszu-
gehen, dass dieses Altsedimentdepot als sekundare Schadstoffquelle fiir
die Saale wirkt.

Der Mihlgraben ist etwa 3 km lang und etwa 8 m breit. Im Mihlgraben
wurden Sedimentmadachtigkeiten von bis zu 1,9 m nachgewiesen. Die
Uferbereiche des Mihlgrabens sind teilwiese befestigt, grenzen an
Wohnbebauung an oder sind durch einen dichten Baubestand
gekennzeichnet. Eine freie Zuganglichkeit fir den An- und Abtransport
von technischen Ausriistungen ist nur in wenigen Bereichen vorhanden.

Die Vorplanung 2014 zur Ermittlung von geeigneten Malnahmen zur
Sicherung/Beseitigung/Minderung dieses Altsedimentdepots wird als
Entscheidungsgrundlage fiir den weiteren Umgang mit dieser Schadstoff-
quelle erarbeitet. Der Abschluss der Planungen ist fir November 2014
vorgesehen.

Fig. 1: Map od Halle
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Neben der Ermittlung des vorhandenen Schadstoffinventars werden alle Nutzungsanforderungen an das
Gewasser (Hochwasserschutzfunktion, Entwéasserungsfunktion, Wasserkraft- und touristische Nutzung) erfasst
und bewertet. Im Ergebnis sollen standortkonkrete geeignete MaRnahmen zur Sicherung, Minderung bzw.
Beseitigung von belasteten Altsedimenten des Muhlgrabens Halle/Saale vorliegen.

Beseitigung von Altsedimenten im Unterlauf der Bode

Im Unterlauf der Bode wurden 2012 mit Dioxinen belastete Sedimentablagerungen festgestellt. Im Rahmen
einer Detailuntersuchung konnten die Lage der Belastungsschwerpunkte abgegrenzt, Schadstoffquellen
identifiziert und erste MaRnahmen zur Reduzierung des Schadstoffdepots abgeleitet werden.

Historische oder aktuelle Quellen (z. B. ehemalige bzw. aktuelle
Produktionsstandorte, Klaranlage) wurden als mégliche primare
Eintragsorte ausgeschlossen. Die in der Vergangenheit in den
Sedimenten und im Uferbereich akkumulierten Schadstoffmen-
gen sind eine sekundare Eintragsquelle, Gber die bei spora-
dischen Ereignisse (z. B. bei Hochwaéssern) die Schadstoffe mo-
bilisiert und in das FlieBgewasser transportiert werden kénnen.
Im Hochwasserfall kann die Verlagerung von schwebstoffgebun-
denen Dioxinen zu einer Belastung der Uberschwemmungsgebi-
ete fihren.

Es soll eine Vorplanung von MaRnahmen in der Bode einschliel3-
Fig. 1: The river Bode lich Ermittlung einer Vorzugsvariante und Kostenschatzung er-
folgen.

Feinsedimentmanagement

Im Unterlauf der Saale und Mulde wirken die vorhandenen Anlagen (Staustufen, Vorhafen, Schleusen) bzw.
der Muldestausee als Schadstoffsenken fiir partikelgebundene Schadstoffe im Gewadsser. Die Nutzung der
technischen Anlagen als Schadstoffsenke wird im Rahmen von Machbarkeitsstudien standortkonkret geprift.

Optimierung der Funktion des Muldestausees als Schadstoffsenke mit
iiberregionaler Wirkung im Elbeeinzugsgebiet

Der Muldestausee wirkt seit 1975 als Sediment- und
Schadstoffsenke und hat eine Uberregionale Bedeutung fiur die
Gewasser- und Sedimentqualitdit des unteren Elbesystems.
GroRRe Anteile von anorganischen Schadstoffen (As, Cd, Cr, Cu,
Hg, Ni, Pb, Zn), die Uberwiegend den Altlasten und
Entwasserungsstollen  des  erzgebirgischen  Berg- und
Hiuttenwesens in Sachsen entstammen, werden durch die
Sedimentation von Schwebstoffen im Muldestausee festgesetzt.
Insgesamt kommen im Muldestausee jahrlich maximal ca.
450.000 t Sediment (Fein- und Grobfracht) zur Ablagerung®.

Nach dem Sedimentmanagementkonzept der FGG Elbe/IKSE soll,
die Optimierung der Funktion des Muldestausees als
Schadstoffsenke geprift werden.

Fig. 2: View of Muldestausee

Schadstoffsenke Muldestausee — Aktuelles Potenzial und jlingste Entwicklung seit 2002
Dr. habil. Frank W. Junge, Freier Berater Geowissenschaften, 06.11 2013,
http://www.elsa-elbe.de/assets/download/fachstudien/Fachstudie_Muldestausee.pdf

74



o "o

"u 7 _ 7 7 ;g"’ ‘M Gs ”'«.%
% ) Stav vod v povodi Labe - nové vyzvy AN
— Gewasserzustand der Elbe - neue Herausforderungen N

Das Land Sachsen-Anhalt hat mit vorbereitenden Arbeiten fiir eine Machbarkeitsstudie zur Optimierung des
Riickhaltevermogens im Muldestausee begonnen. Im Vordergrund steht dabei die Stabilisierung und
Effektivierung des ,Sedimentationsraumes Muldestausee”. Es wird erwartet, dass dies durch geeignete
SteuerungsmaBnahmen des hydraulischen Systems im Muldestausee erreicht werden kann. Die Erarbeitung
der Machbarkeitsstudie und gegebenenfalls die Umsetzung von Optimierungsmafnahmen sind fiir den
2. Bewirtschaftungszeitraum vorgesehen.

Feinsedimentmanagement in den Staustufen und Vorhafen im Saaleunterlauf

Es soll geprift werden, ob die Staustufen und Vorh&dfen Rothenburg, Alsleben, Wettin und Calbe als bewirt-
schaftete Schadstoffsenke genutzt werden kénnen. Hierfiir wird in Zusammenarbeit mit der Wasser- und
Schifffahrtsverwaltung (WSV) und der Bundesanstalt fiir Gewdasserkunde (BfG) die Erarbeitung einer Machbar
keitsstudie vorbereitet. Grundlage sind Untersuchungsergeb-
nisse der BfG aus den Jahren 2012 bis 2013. Im Rahmen dieser
Untersuchungen wurde festgestellt, dass die in den Vorhafen
und Staustufen vorhandenen Feinsedimentendepots nahezu das
gesamte elbrelevante Schadstoffspektrum aufweisen. Im Unter-
suchungszeitraum gab es einen deutlichen Sedimentzuwachs.

Sanierung und Reduzierung von
Punktquellen und Altlasten

An bekannten und als Schadstoffquelle ermittelten Altlasten/
Altstandorten erfolgt eine Risikominimierung durch laufende
MaRnahmen bzw. es werden weitere Untersuchungen und
MaRnahmen im zweiten Bewirtschaftungszeitraum vorbereitet.
Die entsprechenden MaRnahmen werden in der Zustdndigkeit
Fig. 3: The Lock Alsleben der Landesanstalt fur Altlastenfreistellung (LAF) umgesetzt und
Uberwacht.

Fir die bekannte und intensiv diskutierte Punktquelle Schliisselstollen (Bereich Saale) und fiir das Okologische
GroRprojekt Bitterfeld (Bereich Mulde) sind die notwendigen Voruntersuchungen 2013 abgeschlossen worden.
Da im Rahmen der Projekte ,Frachtreduzierung Schliisselstollen” und , Frachtreduzierung Spittelwasser” keine
verhaltnismaRigen Losungen gefunden werden konnten, werden hier weniger strenge Umweltziele abgeleitet
werden missen.
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Revitalizacni opatreni a jejich vliv na
zlepSeni hydromorfologického stavu
vodnich toku

Milada Matouskova, Katefina Smerousova

The presented study is focused on the assessment of hydromorphological features in accordance with
requirements of the ecological status of rivers and an assessment of the river habitat physical changes after
application of restoration measures. Main attention is paid to design and assessment of applied restoration
measures based on determination of type-specific hydromorphological conditions, and evaluation of the effect
of the restoration in the sense of achieving a good ecological status. General principles for definition of type
specific hydromorphological conditions in the Czech part of the Elbe River basin and the method RefCon for
definition of reference reaches, which is based on identification of main hydromorphological features, will be
presented. In order to determine the current status of observed streams the standard hydromorphological
survey methods HEM and EcoRivHab were applied. The hydromorphological status after the restoration
measures was simulated and real risks following from implementation of the restoration measures of the
channels were assessed. The resulting restoration effect was assessed in accordance with European standards.
An essential precondition of successful restoration and reaching good hydromorphological conditions consists
of allowing for natural development of the channel course without stabilization of the banks, restoration of
migration passability and creation of near-natural riparian belts.

Uvod

Revitalizace je tfeba chapat jako snahu o vytvoreni nebo Iépe podniceni pfirozeného vyvoje daného vodniho
toku, coz je vztazeno k hydromorfologii a morfometrii koryta, hydrologii a srazko-odtokovému procesu,
jakostnim charakteristikdm a splaveninovému rezimu, pfirozené skladbé vodni fléry a fauny a pfibfezni zény.
Jedna se o dlouhodoby proces, neni mozné ocekdvat, Zze se hydromorfologicky stav koryta toku vyrazné zméni
za rok, ¢i dva. Jednou ze zakladnich podminek Uspésné revitalizace ekologickych funkci vodnich tok( je poznani
a pochopeni jejich pfirozeného fluvidlné-morfologického vyvoje. Dulezity je komplexni pfistup zahrnujici
soubor jednotlivych prvk(, jevl a jejich prostorovych usporadanim. Revitalizaci je nutno chapat jako snahu
¢lovéka o vytvoreni nebo lépe podniceni pfirodniho nebo pfirodé blizkého vyvoje daného systému.

Z pohledu vodohospodafského managementu je nezbytné pochopit variabilitu chovani ficniho systému a
kapacitu systému pro zménu. Fluvialné-morfologické klasifikace vodnich tokl do skupin s obdobnym chovanim
usnadnuji hodnoceni vodnich tokd z pohledu jejich nestability a rizikovosti. Mezi zakladni parametry, které
formuji morfologii toku je moZno zaradit Siftku a hloubku koryta pfi korytotvorném pratoku, sklon,
korytotvorny prltok, sinuositu koryta, rychlost proudéni, mnozstvi a velikost sedimentd, erozni a akumulaéni
tvary a drsnost koryta.

Vétsina metod hodnoceni hydromorfologickych slozek vychazi ze srovnani stavajiciho stavu toku s regionalnim
referenénim stavem. Referencni podminky jsou casto uvadény ve smyslu plvodnich nebo pocatecnich
historickych podminek, i tyto vSak v minulosti byly vystaveny vlivu c¢lovéka (Dufour, Piegay 2009) nebo
pfirodnim disturbancim. Referencni stav toku a jeho inundacniho Gzemi tak sice nastifuji idealni reseni, ale
realizace revitalizaCnich opatfeni zavisi na soucasnych podminkach, moZnostech a omezenich dnesni evropské
kulturni krajiny (Leuven, Nienhuis, 2001). Zakladem uspésnosti revitalizace je navrh pfirozeného systému,
odpovidajiciho existujicim klimatickym a hydrologickym podminkdm, ktery se dobfe vyrovna s extrémnimi
udalostmi i prmérnymi podminkami s minimalnimi naklady na udrzovani v dlouhodobém méfitku (Wade et
al., 2000, Palmer et al., 2005), podle Newson a Large (2006) je to zejména vytvoreni stanovist s vlastni regulaci
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zaclenénych do okolni krajiny, Palmer et al. (2005) (2004) kladou d(iraz zejména sobéstacny vyvoj ekosystému.
DuleZité je predevsim zajisténi rovnovahy mezi managementem, ochranou a zvySovanim hodnoty ekosystému
(Hannah et al. 2007), prioritou je zlepseni ekologického stavu za Gcelem zmirnéni Ucinku klimatickych zmén
(Raven et al., 2010). Drive problematické hodnoceni Uspésnosti revitalizaci (Wade et al., 2000) je v soucasné
dobé mozné zjednodusit na vyhodnoceni kvality hydromorfologickych sloZek pred realizaci revitalizace jako
podklad pro navrh optimalniho opatfeni ve smyslu dosazeni dobrého ekologického stavu a na nasledné
vyhodnoceni kvality hydromorfologickych sloZek dle stejného metodického postupu po realizaci. Celkovy efekt
revitalizace lze chdpat jako zlepSeni ekologického stavu, tedy jako vliv zlepseni habitatu toku na kvalitu
biologickych slozek.

Metody a zdroje dat

Pro vyhodnoceni hydromorfologickych slozek ekologického stavu dle poZzadavkl WFD byly vyuZity dva
pfistupy: Metoda ekomorfologického hodnoceni kvality habitatu vodnich tokd EcoRivHab (Matouskova, 2003,
Matouskova, 2008) a HEM-Hydroekologicky monitoring (Langhammer, 2007, 2013), které naplfiuji poZadavky
WEFD (2000), EN 14614 (2004), EN 15843 (2010). Obé metody jsou zaloZeny na terénnim prizkumu doplnénym
o vyuziti distanénich dat. Pro stanoveni a prazkum referenénich lokalit byla vyuZita metoda REFCON
(Matousgkova, Smerousova, 2014).

Zakladnim zdrojem dat byl opakovany terénni prizkum v zajmovych povodich. Vsechny vysledky byly
interpretovany v prostredi GIS, vyuzivany byly digitalni vrstvy ZABAGED 1:10 000 a letecké snimky (GEODIS).
Variabilita odtoku byla hodnocena na zékladé dat CHMU, experimentélnich stanic KFGG PfF UK v Praze a
vlastnich méreni hydrometrickou vrtuli. Data pro posouzeni kvality vody byla poskytnuta Podnikem Povodi, s.
p. a analyzovana v laboratofich UZP a KFGG PfF UK v Praze.

Zajmova uzemi

Prizkum byl realizovan v ceském povodi Labe, konkrétné 2 modelovych Uzemich: povodi Slubice a
Svifiovického potoka. Zajmové uUzemi Slubice se nachazi v centralni ¢asti Ceska na severnim okraji
Ceskomoravské vrchoviny. Slubice je levostrannym p¥itokem Chrudimky. Plocha povodi Slubice je 29,21 km2.
Délka hlavniho toku 6,75 km a priimérny dlouhodoby roéni pritok Qa = 0,32 m3/s. Sviriovicky potok se nachazi
v jihozapadni &asti Ceska, nedaleko Prachatic. Je pravym pfitokem Zbytinského potoka, ktery se zapadné od
Zbytin vléva z pravé strany do feky Blanice. Délka potoka cini 1,8 km, plocha povodi je 1,6 km2. V povodi
Slubice byla na zakladé detailniho hydromorfologického priizkumu pomoci metod HEM a EcoRivHab navrZena
revitalizace. V povodi Svifiovického potoka byla revitalizace jiz uskute¢néna v r. 2005 v délce 1,1 km a pomoci
metod EcoRivHab a HEM byla hodnocena Uspésnost provedené revitalizace z pohledu hydromorfologie.

Vysledky

Na zakladé vystupl ziskanych aplikaci metody EcoRivHab byla v povodi Slubice zjisténa relativné vyssi
upravenost Fi¢ni sité, naopak relativné dobry stav DVP a naopak silnd transformace udolni nivy. Celkovy
hydromorfologicky stav toku Slubice Ize oznadit za stfedné antropogenné ovlivnény, Ill. Hydromorfologicky
stupen (HS) byl zjistén u 54,7 % z celkové délky toku. Stfedné antropogenné ovlivnéné uUseky nalezneme v
zemédélsky vyuzivanych oblastech s napfimenymi a stabilizovanymi koryty toku. Mirné antropogenni ovlivnéni
zjisténé u 13,5 % z celkové délky toku Slubice, reprezentuje uUseky, ve kterych nebyla koryta uméle
opevnovana, ackoli jejich trasa byla zménéna. Pfirodni stav byl zaznamenan v 28,4 % z celkové délky Slubice,
reprezentuje Useky s prirodé blizkym habitatem Ficniho ekosystému, které mlzeme oznacit za referencni Useky
toku. Téchto usekl bylo vyuzZito jako pfedlohy pro navrh revitalizacnich opatreni. Celkovy hydromorfologicky
stav toku Slubice zjistény metodou HEM lze oznacit za pramérny, v primérném hydromorfologickém stavu
bylo klasifikovano 49,5 % délky mapovanych Useku. 25,7 % z celkové hodnocené délky toku je ve velmi dobrém
HS a 20,2 % v dobrém HS. Podle vySe uvedeného je hlavnim problémem povodi Slubice upravenost koryt
(napfimeni, zahloubeni a opevnéni) oproti tomu zazemi toku — pfibfezni zéna a inundacni Uzemi — vykazuje
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funkcnost a relativné dobry stav. Hlavnim cilem revitalizacnich opatfeni je tak vytvofit nové prirodé blizké
koryto.

Zakladni hypotéza je, Zze pti vyuZiti vSech vySe uvedenych podklad(i a pravidel pfi navrhu revitalizace, by
realizace navrzenych revitalizaCnich Uprav znamenala prokazatelné zlepSeni stavu hydromorfologickych slozek
a dosazeni dobrého stavu vod zpohledu hydromorfologickych slozek. Aplikace hodnoceni
hydromorfologického stavu podle metodik HEM a EcoRivHab na realny i simulovany revitalizovany stav
prokazalo dle predpokladl nejvyznamnéjsi zlepseni v ramci zony samotného koryta toku; podle metody
EcoRivHab o 1 az 2 tfidy, podle metody HEM az o 3 tfidy viz Fig. 1.

Locality 1: EcoRivHab 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Channel_before [

Channel_after | ]

Riparian zone_before | |

Riparian zone_after | ]
Floodplain_before I R
Floodplain_after |
Summary state_before I —

Summary state_after | ]

O natural status O slightly changed B moderately changed B strongly changed

Fig. 1: Real and simulated hydromorphological status Slubice made the revitalization

Celkovy hydromorfologicky stav Svifovického potoka po revitalizaci je mozno klasifikovat Il
hydromorfologickym stupném (HS), jedna se tedy o prirodé blizky mirné antropogenné ovlivnény Utvar. I. HS
nebyl dosaZzen predevsim z dlivodu nepfiznivého bodového hodnoceni nékterych parametr(; napt. pozménény
charakter odtoku (pozn. vliv drendzi a ponechané Upravy na hornim toku), opevnéni brehl pohozem z
lomového kamene v nékterych Usecich a ddle diky nepfitomnosti skupinové vegetace s potencidlné pfirozenou
druhovou skladbou v ptibfezni zéné. Provedené revitalizacni Upravy se soustredily na osvobozeni opevnéného
koryta a vysazeni brehové vegetace, kterd méla na pocatku prevazné galeriovou strukturu. Vlivem nestability
breh(l vSak doslo k thynu bfehové vegetace. Revitalizace nezahrnovala vysazeni doprovodné vegetace v Sirsim
zazemi toku. IV. HS byl zaznamenan pouze v jediném hodnoceném Useku, kde tok protékda mostnim
propustkem pod silnici Prachatice-Zbytiny. Provedena Uprava ma vliv na nizkou diverzitu hydromorfologickych
mezo-a mikrostruktur v daném useku, ale i v sousednich Usecich. Charakter habitatu plvodné upraveného
toku je mozno hodnotit prevazné lll. HS jako stfedné antropogenné ovlivnény. Nejhire byla hodnocena zéna
koryta vodniho toku a to diky betonovému opevnéni biehl a dna, nizké diverzité hloubek, sSifek koryta, nizké
diverzité mikrohabitatl. Zaznamenan zde byl prevazné lll. a IV. HS. V nékterych Usecich je provedené opevnéni
poruseno a brehy jsou znacné nestabilni. Pozitivni vliv na hodnoceni charakteru celkového habitatu toku ma
predevsim zéna DVP.

Diskuse a zaveéry

V pfipadé vyuziti pro navrhy revitalizacnich projektd ma metoda EcoRivHab vyssi vypovidaci schopnost, nebot
pfinasi detailnéjsi informace o diverzité habitatu vodniho toku a klade vétsi dlraz na pribfeini zénu a
inundacni Uzemi. V pfipadé drobnych vodnich tok(l je optimalni mapovat v délkové homogennich Usecich
s pfesnou kvantifikaci jednotlivych struktur. Optimalni je jeji kombinace s metodou REFCON. Nejvétsiho
zlepseni stavu hydromorfologickych slozek je moziné dosdhnout na upravenych drobnych vodnich tocich
v extenzivné vyuzivané zemédélské krajiné (louky a pastviny). Zakladnim predpokladem Uspésné revitalizace je
umoznéni prirozeného vyvoje trasy koryta bez stabilizace breh(, avsak s pfihlédnutim k poZadavkim na
stabilizaci dna v brodech, kterd napomuze nejen k zamezeni nezadouci hloubkové eroze, ale zvysi i diverzitu
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habitatu. Mezi dalsi vyznamné morfologické parametry, na které by se revitalizacni Uprava méla zaméfit, patfi
obnova migracni prichodnosti a pokud mozno i chodu splavenin, obnoveni variability hloubek a Sifek
v podélném profilu a s tim spojené variability pricného profilu v souladu s trasou koryta (stfidani proudnych
Usekd a tlni). Rozhodujici pro udrzitelnost ve smyslu funkci revitalizovaného useku je dimenzovani koryta
umoznujici komunikaci vodniho toku s inundaénim Guzemim.
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Sedimentmanagement zur Rettung der
Flussperlmuschel in Nordostbayern

Dr. Michael Lorenz, Erich Haussel

Summary

The freshwater pearl mussel is threatened with extinction in Central Europe. Last remaining populations focus
on a few smaller waters in the border area of Bavaria, Saxony and Czech Republic. In a recently completed
project of the German Federal Environmental Foundation (DBU) the reasons for the creeping extinction of
mussels were studied in detail. The results of this examination prove that already moderate erosive input of soil
from arable land into the pearl mussel water bodies is threatening the survival of the species. In particular,
juvenile mussels living in the interstitial spaces in the gravel bed are severely damaged by fine sediment. Based
on these results, measures were elaborated to improve the habitat of the freshwater pearl mussel. As part of
an externally funded project of the FGG Elbe the proposed measures from the DBU project are to be
implemented. On the one hand regional measure options shall be worked out to reduce the erosive input into
the pearl mussel water bodies, for example by reducing the surface runoff and soil erosion on the identified
"hot spot" areas of arable land. On the other hand, a communication concept is to be planned and
implemented in order to convince the farmers in the catchment area to make use of erosion avoiding farming
practices. The results are encouraging and lead to an agenda for the rescue of the freshwater pearl mussel.

Eine kurze Wertschitzung der Flussperlmuschel

Die Flussperlmuscheln Mitteleuropas sind heute von unschatzbarem o6kologischem und kulturhistorischem
Wert. lhre Anfange reichen vermutlich bis in die auslaufende Kreidezeit zuriick und sie begleiten die
Erdgeschichte nun seit Gber 60 Mio. Jahren. lhre Urform hat noch die letzten Dinosaurier erlebt! Wenn man
sich den komplexen und daher auch empfindlichen Entwicklungszyklus einer Flussperlmuschel von der Larve
bis zum adulten Exemplar vergegenwartigt, kann man (iber diesen enorm langen Lebenszeitraum nur staunen.
Ihr kulturhistorischer Wert ist verknilpft mit der Perlengewinnung, die in Bayern ihre Anfange wohl im 15.
Jahrhundert hatte und ein Privileg des Monarchen war. In der Bliitezeit der Perlenfischerei in Oberfranken
(Mitte des 18. bis Mitte des 20. Jahrhunderts) wurden (iber 20.000 Perlen gewonnen. Die Perlen der
Flussperlmuschel finden sich in der Bayerischen Konigskrone wieder und zierten als Kette so manches
Dekolleté des weiblichen Adels. Die Flussperlmuschel hat katastrophale Meteoriteneinschldge und
Vulkanausbriiche Uberstanden, doch ob sie das Wirken der Spezies Mensch Uberlebt, steht zumindest in
Mitteleuropa auf des Messers Schneide.

Das Desaster beginnt Mitte des 20. Jahrhunderts

Die Flussperlmuschel ist eine durchaus anspruchsvolle Art, was ihren Lebensraum Wasser angeht. Viele Ge-
wasser scheiden als Habitat von vorneherein aus, da die Perlmuschel keine ionenreichen (harten) Gewasser
liebt. Und diejenigen Gewasser, die aufgrund ihres Chemismus als Lebensraum in Frage kommen, miissen nach
neueren Untersuchungen den sehr guten 6kologischen Zustand erreicht haben [1]. Davon war man jedoch
Mitte des letzten Jahrhunderts meilenweit entfernt. Abwassereinleitungen und Eintrdge aus der Landwirt-
schaft haben in den Aufbaujahren nach dem 2. Weltkrieg und in den Boomjahren des Wirtschaftswunders die
Lebensbedingungen fiir die Flussperlmuschel so drastisch und nachhaltig verschlechtert, dass die Bestande
flachendeckend einbrachen und sich hiervon nicht mehr erholten. In den meisten bayerischen Muschelgewas-
sern sind die Bestdnde inzwischen erloschen. In Oberfranken im Bereich des Dreilanderecks Bayern-Sachsen-
Tschechien halt sich noch ein letzter bedeutender Bestand der Flussperimuschel. Doch im Unterschied zu den
Bewohnern des allseits bekannten gallischen Dorfes strotzen die oberfrankischen Exemplare nicht vor Kraft
und Widerstandsfahigkeit. Die Populationen sind (iberaltert. Das Alter der Individuen liegt meist bei 60 bis 80
Jahren, es gibt so gut wie keine Jungmuscheln. Das erreichbare Alter der oberfrankischen Spezies der Fluss-
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perlmuschel liegt bei hochstens 120 Jahren. In wenigen Jahrzehnten wird es somit auch im Dreildndereck keine
Flussperlmuschel mehr geben, es sei denn, wir finden noch die magische Formel fiir einen Zaubertrank, der im
Falle der Flussperimuschel vor allem die Fortpflanzungstatigkeit beflligeln sollte.

Die Flussperlmuschel - ein undankbares Geschopf?

Bis zum Ende des letzten Jahrhunderts konzentrierten sich die Bemiihungen vor allem auf die Reduzierung der
Nahrstoffbelastung der oberfrankischen Perlmuschelgewdsser. In Bayern wurden inzwischen Gber 10 Mio. € in
MalRknahmen zur Fernhaltung von Abwasser investiert, Sedimentationsbecken wurden errichtet, ein Natur-
schutzgebiet ausgewiesen. Insgesamt haben sich dadurch die Bedingungen fiir die Flussperlmuschel aus Sicht
der Gewasserglite verbessert, doch die Muschel scheint es nicht zu danken. Eine bestandserhaltende natdrli-
che Reproduktion findet weiterhin nicht statt.

Aktuelle Untersuchungen sowie die Erfahrungen in anderen Landern mit Restbestdnden an Flussperlmuscheln
lenken den Fokus auf das Kiesliickensystem im Bachbett. Die heranreifenden Jungmuscheln graben sich nach
dem Abfallen von ihren Wirtsfischen in das Kiesllickensystem am Bachgrund (das "Interstitial") ein und ver-
bleiben dort fiir einige Jahre, bis sie dann als ausgereifte Tiere wieder zur Oberflaiche wandern. Verstopft das
Kiesliickensystem durch Eintrag von Feinsediment, entsteht ein weitgehend sauerstofffreies Milieu und die
Jungmuscheln gehen zugrunde. Diese als Kolmation bezeichnete unnatirliche Veranderung des Gewadsser-
grundes wurde in einer Untersuchung der oberfrankischen Flussperlmuschelgewdasser Zinnbach und Siidliche
Regnitz nachgewiesen und als entscheidender Gefihrdungsfaktor fiir das Uberleben der Flussperimuschel
identifiziert [2]. Unterwasseraufnahmen verdeutlichen die Problematik (Fig. 1). Die Muschelbestidnde sind mit
Sediment belegt. Die adulten Tiere, die aus dem Gewadsserbett herausragen, kommen mit der Situation wohl
noch klar, im Interstitial eingegrabene Jungtiere haben jedoch keine Uberlebenschance.

Fig. 1: Zinnbach, fine sediment on the gravel bed, in the
center two adult mussels (Source: Hartl, Dr. Klupp)

Was macht der Acker im Bach?

Ursdchlich fiir den schadlichen Feinsedimenteintrag in die oberfrdankischen Flussperlmuschelgewasser ist
vorrangig die Erosion von Ackerflachen in den Einzugsgebieten. Dies wurde in einer umfangreichen Studie fir
den Zinnbach und die Stdliche Regnitz belegt [2]. Demnach erfolgen die Eintrage von Ackerboden vorwiegend
bei Starkregenereignissen und Schneeschmelze. Dabei sind keineswegs nur gewadssernahe Ackerflachen
Ausgangspunkte erosiver  Eintrdge. Auch entfernte Flachen kénnen  lber  Abflussbahnen
(Flurbereinigungswege, Wegseitengrdaben, Gelandeeinschnitte) zu erheblichen Sedimenteintrdgen fihren. Ziel
der Studie war auch, durch Gelandebegehungen und Befragungen Ortsansassiger die Ackerflachen ausfindig zu
machen, die immer wieder zu Erosionen in den Zinnbach und die Siidliche Regnitz fiihrten. Als Ergebnis liegt
nun eine flurgenaue Karte der "Hot Spots" der Erosion im Einzugsgebiet dieser beiden Gewasser vor. Doch
warum gibt es {berhaupt noch Erosion von Ackerboden? Die Landwirte sind verpflichtet, auf
erosionsgefahrdeten Ackerflaichen bestimmte MaRnahmen durchzufiihren, wenn sie Direktzahlungen der EU
erhalten. Dabei wird auf den Erosionskataster abgestellt, dem ein Bodenabtragsmodell zugrunde liegt. Wenn
dieses Modell eine mittlere oder hohe Erosionsgefahrdung fiir die jeweilige Flache vorhersagt, muss der
Landwirt auf eine erosionsmindernde Bewirtschaftungsweise umstellen. Doch ein Vergleich der
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Erosionsflachen laut Erosionskataster mit den tatsachlich in der Flur aufgefundenen Hot Spots der Erosion
zeigt in vielen Fallen keine Deckungsgleichheit [2]! Der Erosionskataster bildet im Einzugsgebiet der
Flussperlmuschelgewasser die Realitat nicht richtig ab. Dies hat zur Folge, dass die Bemiihungen der Landwirte
um Erosionsvermeidung ins Leere laufen, da sie nicht auf dem richtigen Acker durchgefiihrt wird.

Flussperlmuschelschutz im 21. Jahrhundert

Nachdem es bei den meisten Hot Spot-Flachen der Erosion somit keine rechtliche Verpflichtung fiir die
Landwirte gibt, Erosionen durch geeignete ackerbauliche Bewirtschaftungsweisen zu reduzieren, stellt sich die
Frage, wie man unter den gegebenen Bedingungen den Eintrag von Boden in die Flussperlmuschelgewasser in
den Griff bekommen soll. Sedimentationsbecken sind eine wasserbauliche MaRnahme, die grundsatzlich in
Frage kommt. Im Zinnbach/Sudl. Regnitz—Einzugsgebiet wurde inzwischen eine ganze Reihe an
Gewasseraufweitungen zur Sedimentation eingetragenen Bodens errichtet. Die Erfahrungen zeigen allerdings,
dass gerade die feinen Partikel, die fiir die Kolmation der Gewassersohle ausschlaggebend sind, in den
Sedimentationsbecken kaum zuriickgehalten werden. Zudem ist der Unterhaltungsaufwand enorm. Manche
frisch gerdaumten Sedimentationsbecken sind nach wenigen Wochen bereits wieder voll. Ohne Behandlung der
Ursachen des Problems, flihren Sedimentationsbecken nicht zum Ziel.

Eine sehr effektive MalRnahme zur Ursachenbeseitigung des Sedimentproblems ist der Ankauf von
ackerbaulich genutzten Flachen im Einzugsgebiet und Einstellung der Nutzung. Leider scheidet diese Option
aus, da bei den Landwirten keine Bereitschaft mehr besteht, ihre Grundstiicke zu verkaufen. So bleibt nur die
Moglichkeit, bei den Bewirtschaftern der Hot Spot-Flachen auf Engagement fir den Muschelschutz und
freiwillige ackerbauliche Leistungen zur Erosionsvermeidung zu setzen. Doch die Begeisterung vieler Landwirte
fur die oberfrankische Flussperlmuschel hélt sich stark in Grenzen. Man befilirchtet Einschrankungen der
landwirtschaftlichen Nutzung im Einzugsgebiet und beklagt das Image als Verursacher des Muschelsterbens,
obwohl man die gute landwirtschaftliche Praxis beachte. Es wird zudem kritisiert, dass die Kontinuitat der von
den Verwaltungen angestoRenen Mallnahmen nicht gegeben ware und daher Leistungen der Landwirte fir
den Muschelschutz verpufft seien. Darf man bei dieser Stimmungslage tatsachlich auf freiwillige Leistungen
und Kooperationen hoffen?

Wie erzwingt man Freiwilligkeit ohne Druckmittel?

Im Einzugsgebiet der Flussperlmuschelgewésser ist nicht weniger als eine Anderung der Bewirtschaftungs-
weise auf etlichen landwirtschaftlichen Flachen erforderlich. Vielen Landwirten fallt es schwer, altherge-
brachte Formen der Landbewirtschaftung aufzugeben und Neues auszuprobieren. Die vielen kleinbauerlichen
Betriebe in Oberfranken kénnen keine finanziellen Risiken eingehen — und riskant ist es allemal, wenn man
nun anders wirtschaften soll als gewohnt, ohne ausreichende Erfahrung und Beratung.

Um dieses Risiko zu minimieren, hat die Regierung von Oberfranken ein Projekt zur Information und Beratung
der Landwirte im Einzugsgebiet der Stidlichen Regnitz und des Zinnbaches initiiert. Ziel ist, bei den Landwirten
Verstandnis fiir den Schutz der Flussperlmuschel zu erwecken sowie den Bewirtschaftern von Hot Spot-Flachen
maRgeschneiderte Beratung zur Vermeidung von Erosionen anzubieten, gleichzeitig verbunden mit einer Bera-
tung lber entsprechende finanzielle Fordermdglichkeiten wie dem bayerischen Kulturlandschaftsprogramm
(KULAP). Hierzu wurde ein in der landwirtschaftlichen Beratung erfahrenes Biiro beauftragt. Dieses Biiro war
bei den Landwirten bereits bekannt und seine Dienstleistungen waren sehr geschatzt, was sich fir den Verlauf
des Projektes als sehr wertvoll erwiesen hat. Fiir die Beratungsleistungen des Biiros stehen fiir einen Zeitraum
von 1,5 Jahren 50.000 EUR zur Verfligung. Die Finanzierung erfolgt durch die Flussgebietsgemeinschaft Elbe,
der an dieser Stelle ausdriicklich gedankt sei. Gesteuert wird das Projekt von einer Arbeitsgruppe bestehend
aus Vertretern der ortlich zustéandigen Fachbehorden, des Blirgermeisters der betroffenen Gemeinde und der
Regierung von Oberfranken.

Die Bilanz des Projektes, das inzwischen die Halbzeit Gberschritten hat, stimmt hoffnungsvoll. Nach inzwischen
drei Abendveranstaltungen, bei denen die hiesigen Landwirte auf den gemeinsamen Schutz der
Flussperlmuschel eingeschworen werden sollten, ldsst sich eine Entwicklung von anfanglicher Ablehnung hin
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zu vorsichtiger Bereitschaft mitzuarbeiten feststellen. Die knapp 80 Hot Spot-Flachen (ca. 250 ha Acker) im
Projektgebiet werden von 28 Landwirten bewirtschaftet. Zu allen hat das Bliro den persénlichen Kontakt
hergestellt. Bei 20 Landwirten fanden inzwischen Einzelberatungen hinsichtlich Erosionsvermeidung auf den
Hot Spot-Flachen und lber Moglichkeiten zur Férderung durch das KULAP statt. Sechs Landwirte haben
daraufhin KULAP-Foérderung fir erosionsmindernde MalRRnahmen auf ihren Hot Spot-Flachen beantragt.
Hierbei handelt es sich vorwiegend um eine vielfiltige Fruchtfolge (Reduzierung des Maisanteils!) sowie um
die Anlage eines Gewasserrandstreifens [3].

Mit diesen ersten kleinen Erfolgen haben wir die FlussperlImuschel noch nicht gerettet. Die Bereitschaft, sehr
effektive ErosionsschutzmaBnahmen wie pfluglose Bodenbearbeitung, Anlage von Hecken, Blihstreifen oder
Kurzumtriebsplantagen in Angriff zu nehmen, ist noch gering. Auch sind noch nicht alle Landwirte mit im Boot.
Doch solche Prozesse brauchen Zeit. Mit der entsprechenden Hartnackigkeit kénnen wir den Prozess in Gang
halten bis wir zu einer Landbewirtschaftung kommen, die das Uberleben der Flussperimuschel nicht langer in
Frage stellt.

Agenda zur Rettung der Flussperlmuschel

e Die Fortsetzung der Informations- und Beratungskampagne fir die ansdssigen Landwirte ist in der
bisherigen Intensitat fur langere Zeit sicherzustellen. Wirde das derzeit laufende Projekt nicht verlangert
werden, ginge die mithsam aufgebaute Vertrauensbasis zu den Landwirten unweigerlich verloren und
koénnte in absehbarer Zeit auch nicht mehr zuriickgewonnen werden. Wir wiirden die wichtigsten Akteure
verlieren und der Flussperlmuschel ihre womaglich letzte Chance nehmen.

¢ Die finanziellen Anreize fiir die Bewirtschafter von Hot Spot-Flachen, entsprechend den Empfehlungen des
Beratungsbiros zu agieren, missen deutlich erhoht werden. Dies gilt insbesondere fiir moderne, erosi-
onsmindernde Bodenbearbeitungsverfahren sowie fir die Anlage von Hecken oder Kurzumtriebsplantagen
zur Reduzierung der Schlaglangen.

¢ Im Einzugsgebiet der Muschelgewasser sind die Abflussbahnen zu identifizieren, auf denen bei Starkregen
Uber lange Strecken Bodenmaterial zu den Gewassern transportiert werden, und durch geeignete Eingriffe
zu blockieren.

e Nach erfolgreicher Sanierung des Einzugsgebietes missen neue Aufwuchshabitate fir die
Flussperlmuschel geschaffen werden (Reinigung oder Anlage neuer Kiesbanke). Die Sedimentationsbecken
sind hinsichtlich ihrer Eignung zu priifen und ihre Unterhaltung ist sicherzustellen.

e Die malgeblichen Verwaltungen (Landwirtschaft, Naturschutz, Kommune, Forstwirtschaft,
Wasserwirtschaft) muissen in einer konzertierten und langfristig angelegten Aktion die Rettung der
Flussperlmuschel vorantreiben. Die politischen Vertreter miissen hinter dieser Aktion stehen.

Fir die Flussperlmuschel wird es eng. Der Aufwand sie zu retten, ist nicht dramatisch hoch. Die Mittel und
Wege sind nun bekannt. Sie hat uns hunderte von Jahren heiRbegehrte Perlen geliefert. Danken wir es ihr,
indem wir dieses Relikt der Zeitgeschichte vor dem Untergang bewahren.
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Can remote sensed data replace
hydromorphological mapping?

Jakub Langhammer
Charles University in Prague, Faculty of Science, Albertov 6, Prague 2, 128 43
Czech Republic

Introduction

Rapidly growing volume and availability of precise spatial data products represents big challenge for traditional
methods of data acquisition, based on field survey. One of such methods is the hydromorphological mapping
as highly time consuming and demanding method of field survey.

Hydromorphological mapping traditionally meets with many limitations and requirements, e.g. the need for
skilled and trained staff, variable reliability of results, time consuming mapping, high operation costs etc. The
availability of new remote data products implies following questions on (i) how much can the remote based
assessment replace field survey, (ii) what hydromorphological parameters can be assessed from remote data,
(iii) what are the appropriate data sources, (iv) how much reliable are results, derived from remote data
compared to the field survey and (iv) what are the best applications for remote data in hydromorphological
assessment.

The contribution presents results of assessment of applicability of various remote data sensing techniques and
data products for hydromorphological mapping. The authors have developed and tested new hybrid method
for acquisition of information for hydromorphological assessment from fusion of variety of currently available
data sources. The methodology has been tested on large sample of streams to identify zones and parameters,
where the application of remote sensed data products can reliably replace conventional field mapping. The
methodology became a part of standard HEM mapping methodology.

Material and methods

Methodology

Compared to the conventional field mapping approaches in hydromorphological assessment, which are in
long-term and intense development, the use of remote sensed data in area is still rare. There can be
distinguished several types of approaches in using the remote data for hydromorphological assessment. The
methods stemming on the visual interpretation of aerial imagery is probably most widely used, e.g. for LAWA-
0OS methodology (Fleischhacker et al. 2002). The methods, based on classification of aerial imagery apply
advanced image analysis techniques to these data, e.g. thresholding, edge detection or object oriented
classification (Marcus et al. 2008). Despite promising results (e.g. Gilvear et al. 2004, Tiner 2004) such methods
can be still judged as experimental as they are demanding for expert knowledge in operation and use of
specialized software. Application of multi and hyperspectral satellite imagery allows employing full potential of
digital imagery analysis. However, their operational usage is linked with similar limitations. Besides the above
mentioned requirements the major limit is here represented by data properties. The low spatial resolution of
common multispectral satellite products (e.g. Landsat, Aster) is a major limit for analysis of small streams,
unlike the sensors of high spatial resolution (e.g. GeoEye, QuickBird, WorldView) remain expensive for use in
larger areas.

In the framework of development of Czech hydromorphological methodology HEM (Langhammer, 2014) the
authors have developed and tested the hybrid technique for hydromorphological mapping using remote
sensed data. The aim was to develop and test method, allowing use of available remote data sources for
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reliable assessment of hydromorphological parameters, not requiring acquisition of expensive datasets or use
specialized tools, skills or training of the staff.

The remote sensed data is used as visual resource, replacing information gained in the field, while the
assessment itself is done according the same principles as conventional field mapping. The methodology uses
the remote data sources for assessment of those parameters, where the remote data sources allow
achievement of at least equivalent reliability of assessment as conventional field mapping. For those,
parameters, where the remote data are lacking, have bad quality or are not allowing to reliably distinguishing
categories, assessed for individual parameters the field mapping is done. The data are collected in the same
mapping form as for field mapping.

Applied data sources

For hydromorphological assessment there were used mainly data, available online via WMS sevices from state
or institutional repositories — the base maps of scale 1:10 000, CORINE landcover layers and mainly the
seamless orthophoto imagery, available online at 50 cm per pixel resolution.

For assessment of historical changes of streams the digital image of maps of the 2" Military mapping of
Austrian Empire (1806-69), capturing the state of streams and landscape before the major phase of industrial
revolution. The maps are available either as WMS layer as well as via webservice.

Valuable data source represent the geoportals of river authorities, comprising detailed information on stream
and river bed modifications, applicable in hydromorphological assessment

Fig. 1: Example of detailed view on stream and river banks under vegetation in Google Street View. Segment
of Botic River at Prithonice in Prague suburb. Data: Google

Unconventional data resource with high potential for use in hydromorphological mapping proved to be online
imagery services, namely Google Streetview. Unlike the aerial imagery StreetView retains the advantage of the
close look from the human perspective, allowing e.g. to distinguish bank forms or structures, that are in
orthophoto covered by vegetation (Fig 1). Thanks to the dense coverage of the territory and recency of the
data, this resource is of rising value for assessment.

Results

The new methodology has been applied on the sample of streams, covering 621 km of streams and floodplain.
The study sample included streams, covering all major stream types according the typology of waterbodies, of
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different size, located in different physiographic conditions, and under varying level of anthropogenic
pressure.

The results proved substantial differences in applicability of remote data for the assessment of
hydromorphological parameters. The results vary significantly across the assessed stream zones and stream
types, where the physiography and stream size, expressed by stream order, are of key importance.

In the zone of the river channel these are parameters of stream route modification and variation of stream
width, where the rate of successful determination exceeds 90% (Fig 2). Stream route modification is
parameter natively assessed from the historical and current map sources, the stream width variability can be
reliable determined from the ortophotos by measurement in GIS. Another indicator with high potential for
successful determination from remote sensed data is the longitudinal continuity, where the geodatabases of
river basin authorities can supply most of information, required for assessment of this parameter.
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Stream bed substrate 1 ‘
Stream bed substrate 1 |

Stream bed structures ‘ ‘
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Fig. 2: Rate of successful determination of hydromorphological parameters from remote sensed data, based
on assessment at 621 km of streams in Czech Rep. Data: Charles University in Prague.

On the other hand, most of the parameters of river channel are the weakest point in the application of remote
sensed data in hydromorphological analysis. It applies namely to the parameters of variability of depth in cross
and longitudinal profile, river bed modification or bed substrate — their rate of successful determination is
frequently under 10 %, according the stream type. For these indicators, there are no available remote data
sources, able to systematically supply necessary information. However, the river bottom characteristics
indicate the highest rate of uncertainty of the assessment even in conventional field mapping. Namely at large
and medium size non-wadeable streams the assessment of river bottom properties cannot be made directly in
the full extent and is often limited to selected localities or indirect assessment.

In the zone of river bank the rate of successful determination of parameters is overall high, while at two
parameters — the river bank vegetation and modification of riparian zone the successful assessment from
remote data was detected at 98 % of the river network. However, the success rate in case of stream bank
modification, which is one of key parameters in hydromorphological assessment in this zone, is highly variable.
According the stream types the reliability of determination varies from 64,5 % at large streams to 5,8 % at
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small highland creeks. The key information source in this zone is usually orthophoto. Here, at small streams
the information is limited - by the image resolution and mainly by the coverage of the stream by the
vegetation. The StreetView data, which can bypass this problem, are at small streams scarce.

Most favorable zone for assessment of hydromorphological properties from the remote sensed data is the
inundation zone. Namely, the modification of the floodplain belongs to the parameters with almost ultimate
success rate when assessing from remote sensed data. In this parameter, the assessment by conventional field
mapping gives less reliable results than use of remote data. As for the floodplain continuity indicator the rate
of successful determination varies from 73 — 79 %.

Conclusions

Despite the unprecedented availability of high resolution spatial data, its applicability for hydromorphological
assessment remains still limited. For the reliable assessment without compromises in resulting data quality the
remote data can be used for the assessment only for a subset of indicators.

Although the current state-of-the-art of available technologies cannot fully replace the data, gained by the
conventional field mapping, our study proved that they have big potential for changing the process of data
acquisition. Application of remote sensed data leads in substantial saving of time and resources necessary for
field mapping campaign.

The rising availability of highly accurate spatial data, accessible without demanding image analysis techniques
and special skills have potential to substantially change the methods of data acquisition, traditionally based on
field survey, including hydromorphological mapping. These approaches can turn the scope of the field
mapping from getting the primary information to verification and updating of information, obtained from
remote data. Last but not least, application of remote sensed data may help to significantly reduce
subjectivity, related with conventional field mapping approaches.
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Messungen der Stromung bei Hochwasser
im Bereich der Deichriickverlegung
Lenzen / Elbe

Petra Faulhaber

The Lenzen dike relocation was a project organized by the state of Brandenburg to promote the development
potential of the floodplains in the Biosphere Reserve “River Landscape Elbe-Brandenburg”. Since the Federal
Waterways Engineering and Research Institute (BAW) supported the planning and implementation process by
means of hydraulic modeling of the surface run-off, it had commissioned many measurements during flood
events. The evaluation of the measurements allows a quantification of the flow conditions in the dike
relocation area during various floods and also a verification of results from modeling performed earlier at BAW.

Deichriickverlegung und hydraulische Messungen

Seit den 1990er Jahren wurde an der Elbe bei Lenzen durch das Land Brandenburg eine Deichrlickverlegung
(DRV) geplant und umgesetzt (Fig. 1). So wurde die Voraussetzung fur ein bundesgefordertes
NaturschutzgroBprojekt geschaffen. Die Notwendigkeit der Deicherneuerung ertéffnete Moglichkeiten zur
Auwaldrenaturierung und Wiederbelebung der Uberflutungsdynamik in der Aue. Gleichzeitig sollte eine
hydraulische Engstelle bei Hochwasser beseitigt werden. Mit dem Neubau eines 7 km langen Deiches im
Hinterland und der Abtragung des alten, flussnahen Deiches in 6 Schlitzen wurden insgesamt 420 ha
Uberschwemmungsflache fiir die Elbe zuriick gewonnen. Die DRV selbst wurde zwischen El-km 476,5 und
483,7 realisiert.
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Fig. 1: Example of measurement cross sections in the reach of the dike relocation and examined groyne fields
at Elbe kilometer 482
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Im Jahr 2009 wurden die Altdeichschlitze gedffnet, sodass bei Hochwasser nun das neue Vorland durchstromt
wird. Da in den folgenden Jahren gleich mehrere grolRe Hochwasserereignisse auftraten, konnte die Wirkung
dieser MaBnahme sofort mehrfach beobachtet werden (Fig. 2). Von der BAW wurden zur Planung und
Umsetzung der DRV Lenzen seit 1995 vielfaltige Modelluntersuchungen zur Oberflachenstromung und zum
Geschiebetransport durchgefihrt (siehe [2]). Die Umsetzung der Deichriickverlegung bietet die Maoglichkeit,
die Prognosen der Modelle an Naturdaten zu Uberpriifen. Deshalb hat die BAW bereits im Vorfeld der
Realisierung der MaRRnahme und danach Messungen beauftragt.
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Fig. 2: Water level at the Lenzen gauge for the floods of 2002, 2006, 2011, and 2013, days of measurements

Fir den Vergleich des Naturzustandes vor und nach der Deichriickverlegung bieten sich insbesondere die
Hochwasser vom April 2006 und Januar 2011 an. Beide Hochwasser liefen im Winterhalbjahr und bei
dhnlichem Durchfluss am Pegel Wittenberge (Scheitelwerte 2006: 3720 m3/s und 2011: 3790 m3/s) ab. Das
Hochwasser im August 2002 hatte einen Scheiteldurchfluss von 3830 m3/s, das Hochwasser im Juni 2013 von
4330 m3/s. Wahrend sich Héhe und Wellenform der Winterhochwasser von 2006 und 2011 am Pegel Lenzen
adhneln, unterscheiden sich die Sommerhochwasser 2002 und 2013 von den Winterhochwassern und
untereinander deutlich (Fig. 2).

Im Auftrag der BAW wurden in verschiedenen Messkampagnen u. a. folgende Messungen durchgefiihrt:
e Wasserspiegel in Langs- und Querschnitten (z. B. entlang der Flussachse),
e Durchfluss (z. B. im gesamten Durchflussquerschnitt, in den Altdeichschlitzen, Gber dem Vorland),
* FlieRgeschwindigkeiten (z. B. im Flussbett, in Flutrinnen und Altdeichschlitzen),
e lokale Veranderung des Gewasserbetts (Sohlpeilungen im Flussbett),
e Geschwindigkeiten, Wasserspiegel, Topografie in vier Buhnenfelder oberhalb von El-km 482.

In Fig. 1 sind beispielhaft Querschnitte und -flaichen eingetragen, in denen hydraulische Messungen
durchgefiihrt wurden.

Beispiele von Auswertungen der Stromung

Einige Auswertungen wurden bereits veroffentlicht (siehe u. a. [1], [2] und [3]). Hier werden Untersuchungen
gezeigt, die insbesondere das Hochwasser 2013 einbeziehen. Das Hochwasser 2013 ist fiir Betrachtungen zum
Hochwasserschutz von besonderer Bedeutung. Bei den Lebensraumbedingungen beschreibt es jedoch Ex-
treme, die nicht charakteristisch fiir im langjahrigen Mittel typische Verhaltnisse sind. Die Bewertung der hyd-
raulischen Wirkung der Deichriickverlegung und der daraus abzuleitenden Eigenschaften der Lebensraume
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basiert auf Beschreibungen der Stromungsbedingungen. Dazu zdhlen u. a. Angaben zu den Anteilen am
Gesamtabfluss, die bei verschiedenen Gesamtdurchfliissen durch die Schlitze ein- und ausstromen (Fig. 3).

30% ; Der Vergleich der gemessenen Durch-
25% - S23Hia0t L sl ms flussanteile in den Schlitzen (Fig. 3) bei
@14.06.2013Q = 3600m%s
= 20% 1 — 027.01.2011Q = 2820 m¥s den extremen Hochwassern 2011 und
£ 15% 1 =l 2013 zeigt eine gute Ubereinstim-
E 10% 1 mung. Die Messungen erfolgten je-
E ad weils nach dem Scheiteldurchgan
a 0% - ._|_I_ - | gansg.
o I_LI_| J_L Werte bei anderen Gesamtdurchflis-
A sen verdeutlichen, dass sich die An-
5% teile mit dem Durchfluss dndern. Zu-
20% satzlich ist in der Natur zu beachten,
R o o = L [{a] . . . . .
B N N B b H dass sich Uber die Zeit Randbedingun-
@ ] 3 3 & @ gen dndern kénnen (z. B. Vegetation).

Die Wirkungen solcher Anderungen

kénnen durch  Modellrechnungen
quantifiziert werden (siehe [1] und

(2]).

Auswertungen der Wasserspiegelmessungen in der Flussachse belegen die Wirkung der Deichriickverlegung
auf die Wasserstinde. Uberwiegend sinken die Wasserspiegel durch die DRV. Der maximale Absunk tritt bei
Hochwasser mit Durchstrémung des Vorlandes am oberstromigen Rand des Riickdeichungsgebietes (etwa bei
El-km 477) auf und klingt allmahlich nach Oberstrom ab. Unterhalb von Lenzen sind keine hydraulischen
Veranderungen durch die DRV zu verzeichnen. Wirkungen auf den Geschiebehaushalt sind jedoch langfristig
nicht auszuschlieRen. Die Hochwasser der Jahre 2002 und 2006 liefen vor der DRV ab. Die Messungen beim
Hochwasser 2011 (nach der DRV) erfolgten bei dhnlichem Durchfluss (Fig. 4), sodass bei etwa 3700 m3/s aus
Messwerten ein maximaler Wasserspiegelabsunk infolge der DRV von 30-40 cm angegeben werden kann.

Fig. 3: Contribution to the total flow rate by the flow rates of the slots
in the old dike
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Fig. 4: Water level measurements during several floods and calculations for the scenarios with and without
dike relocation (flood of the year 2013) in the centre line of the stream

Allerdings ist es ein glicklicher Zufall, wenn Messdaten aus der Natur flr unterschiedliche Zustinde bei
vergleichbaren Hochwasserereignissen zur Verfligung stehen. Mit Modellen hingegen kénnen verschiedenen
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Szenarien berechnet werden. So sind in Fig. 4 die berechneten Wasserspiegel mit und ohne DRV fiir einen
Durchfluss der Wasserspiegelmessung beim Hochwasser von 2013 (4200 bzw. 4020 m3/s) eingetragen.

Der mit dem aktuellen Modell der BAW berechnete maximale Wasserspiegelabsunk betragt bei 4200 m3/s
38 cm. Das Modell der Bundesanstalt fiir Gewéasserkunde (BfG) [4] weist bei 4250 m3/s 49 cm aus (Fig. 5). Die
Unterschiede sind auf verschiedene Modellauflésungen entsprechend den Aufgaben (BAW 19,5 km, BfG
135 km Modellldnge) und Kalibrierungen zuriickzufiihren. Das Modell der BfG wurde am Winterhochwasser
2011 kalibriert, weshalb fir das berechnete Sommerhochwasser von 2013 die Rauheit der Vorlander
tendenziell zu niedrig angesetzt ist und im Vergleich mit den Messungen zu geringe Wasserspiegel berechnet
werden. Damit wird die Wirkung der DRV fiir ein Sommerhochwasser (iberschatzt. Das Modell 2000 der BAW
berechnete ab 2400 m3/s ebenfalls eine groBere Wirkung, da es mit abgesenkten Altdeichen und einer Rauheit
der Pflanzflachen gemal den Vegetationsprognosen betrieben wurde. Somit kénnen die in Fig. 5 aufgezeigten
Spannweiten flir den maximalen Wasserspiegelabsunk als belastbare GroRen fiir praktische
Schlussfolgerungen unter Berlicksichtigung verschiedener Natur- und Modelleinfliisse angesehen werden.
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Fig. 5: Maximum water level drawdown calculated with different models

Neben Angaben zu Wasserspiegeln und Durchflussanteilen werden aus den Naturmessungen und
Modellberechnungen weitere Parameter zur Beschreibung der Stromungssituation und des
Geschiebehaushalts sowie der Lebensrdume abgeleitet, die beispielhaft in [2] erldutert werden.
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Hydro-and morphodynamic modelling and
macrozoobenthos assessment of a restored
oxbow lake along the Middle Elbe River

B. Vogt,' R. Suthfeldt,’ B. Timmermann,® J. Hartwich,’ J. Bélscher,' V. Liideritz,> and
A. Schulte!

1Freie Universitdt Berlin, 2Hochschule Magdeburg Stendal

Introduction

The Elbe River has undergone a tremendous change over the last 250 years. Following the transformation of
the Elbe to a waterway, the river was straightened; its banks were fastened and reinforced with groynes. For
protection against floods, dikes were built and thus cut off large parts of the floodplain (86%) from the main
stream. Between Elbe-km 475 and 583 approximately 80 oxbows were disconnected from the river. The once
highly laterally branched river landscape became increasingly concentrated and lined. The lack of
morphological diversity of the Elbe is regarded as one of the main causes of the still poor environmental
conditions. However, oxbow lakes in different stages have relevant effects on riparian ecology due to their
hydraulic, sedimentological, and morphological diversity. Erosion and sedimentation processes, as well as flow
diversity, are key elements for habitat variety. To enhance these processes, oxbow lakes were reconnected to
the river in recent years. However, only in a few cases were these restorations supported by a monitoring
program; thus, there is a deficit in documentation of positive effects.>**>7!

To gain more information about the dynamics of flow and hydromorphology, as well as on species occurrence
and inventory, of oxbow lakes along the middle Elbe River, a field campaign was established to analyze two
oxbow lakes near Sandau and Hohengbhren. The oxbow lake at Hohengdhren is only connected downstream
to the Elbe most of the year whereas at Sandau, the oxbow was fully reconnected in 2006. In order to
determine flow diversity and connection frequency to the main Elbe channel at Sandau and Hohengéhren, a
hydraulic model was developed for each oxbow using Hydro_AS-2D software. To predict morphological and
sedimentary dynamics at the restored oxbow at Sandauerholz, a different three-dimensional model was
generated with SSIIM Il software.

To get information about the ecological situation at the reconnected oxbow Sandauerholz, an ecological
monitoring program was provided to consider benthic invertebrates. To compare the biological assemblages
of the main river and the oxbow lakes, parallel investigations were made at the nearby middle Elbe River.

Study areas

The study area is located in the north of Saxony-Anhalt state, close to the border of Brandenburg. The oxbow
at Hohengohren is situated about 1.5 km northwest of the village of Hohengéhren between the Elbe- km 393
and 404, the oxbow on the right side of the Elbe measures 3.2 km. The study area of the oxbow at
Sandauerholz and the corresponding Elbe section are at a distance of approximately 2.5 km northwest of the
Sandau village between the Elbe- km 417 and 420. In 2006, this oxbow lake was part of a restoration measure
in the upstream inflow region to the Elbe to fully reconnect the oxbow. Since then, the length of the oxbow is
about 2 km.
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Methods

To create the numerical models for both study areas, a digital terrain model (DTM) was used as the
fundamental database. The topography in the DTM has a resolution of 2 X 2 m and includes the bathymetry of
the Elbe and the flood plains to both sides.!*® Since the DTM does not include the bathymetries of the oxbows,
the flux tubes were also recorded by means of geodimeter, D-GPS, and sonar. The datasets were then
blended, so that the overall geometry of the two study areas was ready to create the calculation grid.

For both study areas, a two-dimensional hydraulic model was built with the corresponding calculation grid to
simulate the flow conditions using Hydro AS-2D software, which was developed in 2003.®) In order to
perform the final simulations, even more data were required to define the roughness of the different land
coverage as well as the inflow conditions of the models. To define the roughness in the study areas, the
habitats and land use type mapping of the state Saxony-Anhalt was used in this project. The data consist of
color infrarot air pictures with a high accuracy from the year 2009. The information concerning the inflow
conditions to the models were provided by the Wasser und Schifffahrtsverwaltung (WSV). The dataset includes
the daily values of the runoff at the Tangermiinde gauge, as well as daily values of the water levels at the
Storkau and Sandau gauges. The calibrations of the two-dimensional models were performed using the water
level at the Storkau gauge for Hohengohren and the water level at the Sandau gauge for Sandauerholz. In
addition to the water level calibration at Sandauerholz, there were also runoff measurements made, which
were used as a second calibration method.

For the modeling of sediment transport at the Sandauerholz oxbow, a three-dimensional mesh of the study
area was created on the basis of the DTM, which was established with the SSIIM [l three-dimensional model .
SSIIM Il was developed at the Department of Hydraulic and Environmental Engineering at Norwegian
University of Science and Technology (NTNU) Trondheim and is available for free over the internet.'”’ For
calibration of the model, the discharge measurements were used. The sediments used in the model were
created on the basis of grain size analysis.

The assessment of the benthic macroinvertebrate community took place in March and June 2012. Considering
all substrates, 10 m? of the bottom considering were sampled (multihabitat sampling).[s] The number of
organisms and their taxonomic determination were assessed directly on site. On this basis, the quantities of
the species were ranked into seven abundance classes. Using ASTERICS 3.3.1 software, single biocoenotic
indices and the overall ecological status class were calculated. Ecological status class for this type of water
body (large, sand-dominated rivers of the lowlands) is joined by the saprobic index and by the index of general
degradation.” *°

Results

For the oxbow at Hohengdhren, maps were created, which show the flow conditions, water depths, and flood
areas at various runoffs of the Elbe. Additionally, the connection frequency to the main stream has been
determined. Based on the time series from 1997-2011, the oxbow was connected an average of 199 days a
year downstream to the Elbe, whereas an upstream connection to the oxbow occurred on only 23 days a year,
mainly in the hydrological winter. The months March and April show the most frequent connection to the Elbe
but primarily at downstream. The model has shown that in more than 11 months, flow velocities in the oxbow
are very low and thus outweigh sediment accumulation and limnic conditions. Guttjas, which were found in
the flood areas, confirm this. Moreover, the results display that the southern parts of the oxbow are dry most
of the year; thus, the hyporheic interstitial decreases and important habitats for small animals and spawning
grounds for fish are not present or repeatedly disappear.[12] To check the effectiveness of reconnection
measures, a previously built model would help in understanding the actual condition of an oxbow, as shown in
Hohengohren. After a successful reconnection, the improvements in the abiotic conditions could be compared
with the situation before.
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In comparison to the oxbow at Hohengdhren, the results at the 2006 reconnected Sandauerholz indicate a
different frequency regarding the connectivity. The model showed that the oxbow, based on the time series
from 1981-2011, would have been attached at 193 days a year on both sides of the Elbe River so that the
current flows through the oxbow. Likewise, the connectivity takes place primarily in the hydrological winter.
During the months of March and April, the oxbow is almost permanently connected hydraulically to the Elbe.
The upstream and downstream connection starts at a water level of 25.60 m (NHN) above sea level at the
Sandau gauge. The results show that the flow diversity increased significantly in the oxbow after the
reconnection. The newly created part of the oxbow reveals much higher flow velocities than the previously
existing part, where the flow velocities stay low most of the year. Accordingly, a division of the flow conditions
and thus a wide range of habitats were generated by the reconnection. The results are discussed in terms of
the habitat requirements of potentially occurring species since not only the number but also the seasonal
occurrence of the continuous connectivity are important.

The three-dimensional model of the sediment dynamics at Sandauerholz was able to show that the newly
connected part of the oxbow shows steady morphodynamics. Moreover, the model implicates which parts of
the oxbow material is eroded or accumulated. Thus, sediment is accumulated mainly in the old part of the
water body; sedimentation rates are so moderate that a timely silt of oxbows is not to be feared. The new
constructed part shows irregular patterns of accumulation and erosion areas. In the course of modeling, the
impact of floods on the morphodynamics could not be determined. It is assumed that during floods, the
accumulations are at least partially dispelled again.

The investigations of macroinvertebrates found significant differences in the species inventory between the
main stream and the Sandauerholz oxbow. Thus, the oxbow not only indicates higher species diversity but
also a significantly higher amount of typical river species. For example, in the oxbow, all typical Elbe dragonfly
species from the clubtail family (Gomphidae) were found. These species are invariably on the red list and are
partially protected by European law. The oxbow also serves as a refuge for native species; in the adjacent Elbe,
the percentage of invasive species was much higher because these species preferably settle in unnatural
structures like groynes. Since the water quality is not significantly different between the Elbe and the
Sandauerholz oxbow, the only explanation for the higher biodiversity is the larger structural diversity due to
morphodynamics in the oxbow.® The determined saprobic index at Sandauerholz was 2.1 (good), while the
index in the Elbe only reached 2.43 (moderate). In the Elbe, 24 species were detected, whereas 66 species
were detected in the oxbow. Through the renaturation measure, positive effects with respect to the
morphology and the ecology could be reached.

To more accurately document the ecological, structural, and environmental improvements, comparison and
evaluation monitoring would be needed. However, permanent scientific support is lacking on Sandauerholz, as
well as in many other measures of this kind, so the opportunity to gain experience and avoid mistakes in future
projects is not guaranteed.
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Headwaters Retention Potential Assessment
with Respect to Hydrological Extremes

Bohumir Jansky, Lukas Vicek, Jan Kocum
Charles University in Prague, Faculty of Science, Department of Physical Geography and Geoecology

Hydrological extremes happening during last years have resulted in increased discussion in the professional
spheres and they are related to an urgent need to gradually solve them. One of the nonviolent strategies is to
successively raise the water retention capacity of a basin including its headwaters. Besides other things, the
strategy consists of a detailed assessment of hydrological communication of peat bog complexes with streams
which drain them. The question of influence of peat bogs on hydrological regime of streams has not been
successfully answered yet, regardless a number of domestic and foreign projects and numerous arguments
conducted in professional spheres (Jansky, Kocum [8]).

The core region of Sumava, which represents an area with frequent presence of flood and periods of drought,
provides appropriate conditions to solve the above mentioned questions. The headwaters of Otava and of its
source Vydra are characterized by occurrence of vast areas of mountain peat bogs supplied predominantly by
rain water. The phenomenon of presence of the particular type of peat bog in a particular area definitely
greatly influences the drain forming. Therefore, the objective of a long-term research in the area logically has
to be a detailed monitoring of precipitation-drain processes and of processes occurring in the soil
environment, for the purpose of understanding the complicated mechanism of drain transformation. Emphasis
is put on hydrologic extreme periods, either extremely wet or extremely dry. The question of hydrological
function of present peat bogs and waterlogged areas is essential for the evaluation of water retention
possibilities in Sumava Mts.

The dynamics of the level of groundwater in peat bogs and its interaction with drain has already been analyzed
by foreign authors (Evans et al. [4], Holden et al. [6], Bragg [1] etc.). This type of survey has not yet been done
for Sumava Mts. This paper follows previous research in this area and gives more occurate answers on the
discharge behavior during rainfall events. First hydrological survey in this area was done by Ferda et al. [5],
who was followed by Vlasak [10] or Kocum [9]. These works compared Vydra and Kfemelna river catchment in
terms of run-off process and thier differences were attributed into a role of peat bog coverage. More precise
answer to the peat bog influence of the outflow in Vydra river catchment gave Curda et al. [3], who described
the effects of physical-geographical factors on flood episode extremity in Vydra river basin. He compared two
main souces of Vydra river — Modravsky and Roklansky brook and confirmed the adverse effect of peat bog.
Also Hruska [7] focused on peat and its effect on the chemical parameters of stream water in Czech rep.
However, none of the survey has studied the distinct influence of saturated and unsaturated peat bogs in
detail, everything was considered as a whole, mostly in the area about 100 km?2. This study uses basins about 4
km? and focuses on drain description in the periods of maximum and potentially lowest saturation of
waterlogged areas year round. The aim of the report is a description of drain behavior during different rainfall
periods with the emphasis on wet and dry periods. This analysis uses more accurate dataset such as peat bog
coverage, groundwater level in peat and precipitation measurement and fieldworks.

Four experimental basins in the Vydra basin were chosen to evaluate the influence of peat bog areas on
hydrological environment: Ptaci brook, Roklansky brook, Rokytka and Tmavy brook. Within the scope of the
research there were used data about the level of groundwater in peat bogs and data from an automatic level-
measuring station of the Faculty of Science, Charles University in Prague in the profile under studied peat bog
complex in the years 2008—-2013.
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Description of an experimental basin

The basins are situated in various parts of Vydra headwaters. The basins are located at the elevation of
approximately 1100 — 1250 meters above sea level. Their area and slope are similar with the exception of the
Rokytka basin that is slightly flatter. The basins have similar soil and vegetative conditions and most of the area
was influenced by a bark beetle infestation. The biggest difference among them is the amount of peat bogs,
peat areas, or waterlogged forests.

= precipitation gauge
* automatic water level gauge
water course

[ experimental catchment boundary
{_ "1 subcatchment boundary

Roklansky p. (B)

;L/.

Fig. 1. The experimental catchment area in Vydra river basin

The climate in the area is variable, influenced both by the oceanic and the continental climate. The total
amount of rainfall increases with elevation. The highest rainfall has been documented in the central part of
Sumava (Bfeznik 1486-1552 mm average during the last thirty years) and it is distinctively different at the
windward and the leeward side of the mountains due to the orographic effect. At the point of outlet of the
Rokytka basin, a climatic station has been established.

The soils of experimental basins are typical examples of Sumava Mts. soils where a vertical sequence of several
types of soil with Histosols on the ridges and basins is typical. The basin is mostly covered by entic Podzol and
organic soil. In certain parts of the bottom land of a brook, bogged Gley can be found. The area of waterlogged
areas or other types of soils that are periodically saturated by water is an important variable in these parts of
Sumava Mts. This types of soils are mainly organic soils and their subtypes or their varieties.
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Material and Methods

Hourly step data of groundwater levels were recorded in the 3 most common types of saturated areas namely
waterlogged spruce forest, peat covered with pine and grass Sphagnum cuspidatum. The groundwater levels
were measured by probes of Faculty of Science, Charles University in Prague (waterlogged forest, pine) and
probe of Botany institute, AS Czech Rep. (grass). These probes were installed in Rokytka basin. Discharges
were measured by ultrasound probes installed at every closing profile. Monitoring of water levels at the outlet
of experimental basins is based on a system of automatic measuring stations by the company Fiedler-Magr [2].

Rainfall events were selected since year 2008 where all monitoring stations were installed. Continuous
measuring of groundwater level (GWL) is only being performed in peat bogs in the Rokytka basin, but the same
occurrence of minimums and maximums is anticipated in other basins. During years 2010, 2012 and 2013, the
events were chosen easily due to the knowledge of GWL. During years 2008, 2009 and 2011 there was no GWL
measuring, but the situation was solvable. Max. saturation was estimated from previous precipitation when
there were events in long-term rainfall period or after snow melting in spring. Estimation of min. saturation
was little bit complicated but solvable from GWL behavior as well. However, 10 events were selected during
max. saturation and 9 during min. saturation, so it was enough to find a trend [11].

Conclusion

Peat in Sumava Mts, along with other waterlogged areas, forms one of the most valuable areas of the whole
Sumava National Park. It has been more than 50 years since the last human interventions as peat digging or
drainage took place here. The only recent hydrological interventions are modest revitalizations of peat bogs
such as damming of melioration channels. The influence of these recent changes on runoff is being studied
and this report should also contribute to the study. On the base of these findings it is obvious that knowledge
of waterlogged areas represents an important aspect of research of different disturbances in basins, such as
the bark beetle infestation.

This paper follows previous research of this area and gives more accurate results. Mainly, it shows directly how
huge could be volatility of an outflow response on precipitation in Vydra river headwaters in different previous
conditions.

The Vydra river headwaters represent an area monitored due to flood protection, to drought prevention, or to
usage as a potential reserve of a freshwater. Because of a higher level of protection in this area, no
interventions such as dam building or other structural changes can be performed. The understanding and
insights of a runoff generation process in this area will certainly contribute to an improvement of a prediction
of extreme hydrological episodes.

Adaptation measures

The assessment of peat land hydrological regime and considering the influence of chosen physical-geographic
factors is currently carried out. At present the determination of peat bog revitalizing measures influence on
their runoff regime is in process. The problem of peatbogs hydrological function depends on a number of
factors, especially on its type, health state, rate of anthropogenic impact, etc. In addition to considering dyking
of former drainage channels and focusing on recovery of vegetation health state having a positive influence on
retention capability in the catchment we should also evaluate possible former accumulation reservoirs (used
for wood floating) restoration with potential function as dry polders. Using complex system of hydrological
models the simulation of runoff process and assessment the effectiveness of these reservoirs could be made.
Implementation of such unforceable measures could contribute to reduction of peak flows and to increase of

water resources during extreme droughts in future.
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Fig. 2: Former accumulation reservoir Roklanskd, the component of pond system construct in 1799 - 1801 by
Josef Rosenauer. Photo from the dawn of 20th century.
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Type specific assessment of stream
hydromorphology in Czech Republic

Jakub Langhammer, Filip Hartvich
Charles University in Prague, Faculty of Science

The contribution presents a new methodological tool for assessment of hydromorphological state of streams,
enhancing the HEM methodology for hydromorphological mapping by type-specific classification system. The
aim of the type-specific classification is to differentiate the mapped quality parameters according to stream
category, based on the stream typology and thus to assess more accurately the real state of the impact of
human activities on the quality of stream environment.

The HEM methodology was completed with scoring mechanism, allowing distinguishing hydromorphological
properties for different groups of stream types. The assessed parameters are divided into three groups: pa-
rameters of stream channel, parameters of bank and riparian zone and parameters of floodplain.. In total,
there are 17 assessed hydromorphology parameters: Stream route modification, Channel width variation,
Channel depth, Stream cross section variablitiy, Bed substrate, Stream bottom modification, Large wood de-
bris, River bed structures, Flow characteristics, Flow regime modifications, Longitudinal continuity, Bank modi-
fication, Bank vegetation, Riparian zone land use, Floodplain land use, Floodplain continuity, Lateral migration
of stream in floodplain. The input data is gathered by field mapping, some of the parameters can be derived
from remote data (map, satellite images, etc.). We have tested applicability of remote data in hydromor-
phological assessment for different parameters and types of streams and the limiting factors of their reliability.

The principle of scoring is based on combination of two aspects. First is the frequency of occurrence of given
phenomena in given segment, second the intensity of modification in the given parameter. The scoring matri-
ces are expressed for all stream type categories and assessed indicators.

The classification mechanism has been tested on large set of streams to validate the methodology and to
calibrate the classification system. The testing sample included approximately in total 621 km of 23 streams,
covering all principal stream type categories, combining stream size, elevation and geology in all principal
basins of Czech Republic. The analysis proved that the type-specific classification is a valid approach as it is
sensitive to highly variable physiography and landscape of Czech Republic. The verification of results by
application of remote data and control remapping proved the robustness of assessment.

The newly designed methodology keeps backward compatibility with preceding HEM monitoring protocol and
allows to use the already acquired data for type specific assessment. Moreover, the HEM monitoring system
enables application of hydromorphological information for assessment of related specific phenomena. It
applies namely to the assessment of flood consequences (HEM-F) or assessment of conditions for sediment
transport (HEM-S).
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Long-term studies of groyne fields in the
German Binnenelbe focussing on
topography and flow conditions

Jochen Rommel, Dipl.-Geol. Eschach, Petra Faulhaber
Federal Waterways Engineering and Research Institute (BAW)

Introduction

In the lower reach of the Elbe the bank protection by groynes is important for the hydraulics and the ecology
of the river. Open groyne fields reduce the flow velocity and offer, among other things, shallow-water habitats
currently missing in the middle section of the stream. The increasing sedimentation of groyne fields is locally
counteracted by modified designs and excavations.

Measurements

In the Federal Waterways Engineering and Research Institute (Bundesanstalt fir Wasserbau, BAW) data of
groyne field measurements performed since 2000 were analyzed. 70 groyne fields in groups of 2 to 6 groynes
which are spread along the German Binnenelbe between Elbe kilometer 188 and 571 were included. Typically
areal measurements of topography, water level and flow velocity were performed. Simultaneously the
discharge and the water level in the stream centre line were measured. The measurements were carried out at
mean discharge, often at mean high discharge and occasionally during extreme floods. Up to 20
measurements per groyne field group were executed over a maximum period of 14 years.

Analysis

The field measurements were evaluated to gather basic knowledge about the interaction between
topography, flow and sediment transport [1], [2], [3]. The data collection was analyzed in an overview to
consider the diversity of hydromorphological and flow conditions.

The presentation focuses on a field site near Coswig (Elbe-km 233) within the Middle Elbe Biosphere Reserve
upstream of Dessau, where an elevation cross section dating from 1896 is available [4].

It will last a long time until all measurements are evaluated in terms of various aspects, but it is already clear
that the results contribute to a better understanding and description of the processes occurring in nature.
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Input of eroded soil particles into water
courses and reservoirs in the Czech
Republic

Petra Kulirova, Jifi Kapicka

Abstract

For the needs of convenient targeting of the Rural Development Programme, the priority river basins of the
IVth order which are the most dangerous in terms of the input of eroded materials into water courses were
identified. The evaluation was based mainly on geomorphologic and pedologic backgrounds. For simplification
the influence of land use was neglected. Thereafter the evidence of considerable influence of inappropriate
management could be the fact that in the area, which is not potentially dangerous from the pedologic and
morphological point of view, can have important problems regarding sediments in water reservoirs.

Introduction

The aim is to solve soil threat by water erosion from water courses and reservoir point of view against inputs
of sediment, where it is necessary to determine the amount of eroded material which is further transported by
water courses into basin. The study brings valuable information in detailed scale. Already at this phase the
results may serve for field research targeting. Considering detecting of expected places of soil particles release,
it’s possible to estimate the amount and quality of sediment.

Methodology

The research was divided in two parts. Firstly, river basins of the V" order were depicted after finding the
inconsistency in available borderlines of the river basins of the IV"" order (DIBAVOD) with available and the
most precise digital terrain model (DMT 5, GEODIS®©). Secondly we focused on evaluation of erosion threat in
river basins. These methods were used in this research: Universal Soil Loss Equation (USLE), Method of Runoff
Curve Numbers (CN) and Method of Sedimentary Delivery Ratio (SDR). Calculations were done in software
ArcGIS 10.10 with Spatial Analyst tool.

Results

Within the study the vector layer of river basin of the IV" order was created above available and the most
precise DMT of the whole country. The average potential threat by water erosion was calculated for each river
basin. Then it was recalculated by average annual loss from the whole river basin. Then the characteristics for
sediment transport — sediment delivery ratio (SDR) and the values of average annual transported amount of
soil particles by closing profiles (Si) - were calculated. Afterwards the most threatened river basins were
chosen according to the values of Si corresponding by their area to 20% of the area of the Czech Republic. The
selection was done by gradual addition of the river basin” area ordered from the highest Si values till almost
reaching the area of 15 773 km”.

Conclusions

1032 threatened river basins were generated with the highest potential susceptibility to sediment creation. In
average, roughly four times more runs through the closing profile of those basins (specifically 598,72 t/year)
than it’s the average of all 9 643 river basins of the IV" order. According to the prerequisites the highest
number of those threatened river basins is in South Moravia, with also the highest susceptibility to water
erosion. Contrarily in Karlovy Vary and South Bohemia Region the potential threat by sediments is minimal.
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Adaptation of watercourse Vyrovka to flood
risks from the view of Central Bohemia
Region

PhDr. Bc. Marek Semerad

Central Bohemia Region

Watercourse Vyrovka (Numer of hydrological order: 1-04-06-027/029) rises in Kochanov at an altitude
492,5m and flows to the north direction. Vyrovka flows through the Uhlifské Janovice, Koufim, Plafnany,
Radim, Dobfichov and Pisty. Watercourse Vyrovka flows into the River Elbe near Pisty at an altitude 181 m.
The height difference is 309 m. Significant watercourse Vyrovka (length 61,89 km) drains territory of
542,49 km”.

From the Vyrovka mouth near river Elbe to the municipality Doubravcany is the riverbed with a small
longitunial gradient and a broad alluvial plain. In the bottom of the watercourse is the riverbed regulated. In
the river basin is located 441 water reservoires with a total area of 294,65 ha. The greatest of them is pond
Vavrinecky (77,94 ha), Podbecvarsky (21,98 ha) and Utopenec (16,42 ha).

Floods at watercourse Vyrovka

Water level stages and flow rates are measured by 2 gauging stations: A category profile Plariany (Vyrovka
river km 21,5, B category profile Doubravéany (Vyrovka: river km 37,7). Historical floods: June 1750, December
1769, in the spring 1771, 1777, June 1783, v Cervnu 1804, June 1824, July 1829, May 1844, June 1845, 1946
February 1862, June 1879, August 1800, August 1882 and June 1883

Flood 2013: Maximal water level stages and flow rates: A category profile Plafiany: 2. 6. v 19:50 water level:
454 cm, Q,, » 100, Flood aktivity degree lll., flow rate: 110 m3/s

Activities of Central Bohemia Region

Regional Office of Central Bohemia Region established flooded area (30. 06. 2008, ¢. j. 63461/2008/KUSK).
Length of established flooded area: 40,0 km (from 0,000 to 40,000 river km). Established flooded area is placed
in the territory of municipalities Pisty, Nymburk, Zvéfinek, Hofatev, Kostelni Lhota, Piskovad Lhota, Vrbovd
Lhota, Pe¢ky, Ratenice, Dobfichov, Radim, Chotutice, Vrb&any, Plafiany, Zabonosy, Zale$any, Klaterni Skalice,
Koufim, Tousice, Zdsmuky.

Has been established ,,Working group for floods prevention and flood mitigation”. One of the activities is to
evaluate the development of rainfall — runoff regime in selected river basin Vyrovka. Project is focused on
hydromorphological characteristics and attention should be paid to flood risk reduction mesures analysing the
retention effects of existing reservoires and waterbed modifications.
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Environmentally friendly Elbe stream

maintenance practice within the Mélnik -

Hrensko segment

Ing. Jindfich Zidek, Ing. Lukas Drahozal

Revitalization of the floor bed at Roudnice nad Labem

Material from the deepening of the Elbe ground was partly used to form spurs and
some gravel banks in the floor bed. The aim was to improve the environment for a
variety of aquatic animals, and support streaming diversity during lower flow rates
approaching the nature of flow in a natural bed, in conjunction with improvement
of the outflow situation and navigation depth.

Improvement of water inlet downstream of the Cernéves
concentrating reservoir

A furrow of trapezoidal form 10 m wide and with a dish-like bed 4 m wide was made
in the concentrating dam built in the 19th century. The bed and slopes are lined with
quarry stone and fitted with protruding stones along the whole length. The aim is to
improve the quality of the biotope downstream of the concentrating reservoir by
water aeration, increasing flow rate and improving the access of nutrients.

Fishway with an observatory at the Strekov weir

This fishway was built in 2002. It is 253 m long and the height difference is 6.4 m to
8.5 m. It has 27 partitions and 3 rest pools. The fishway consists of 3 main sections: a
concrete bed with fixed partitions, a steel trough with movable partitions serving to
make up for design upper water level fluctuations, and a segment of the initial
fishway. The facility includes a modern fish passage observatory.

Emergency profile at Roudnice nad Labem to capture Elbe
surface pollution

This emergency profile consists of a fixed breast wall and two mobile breast walls.
Open channel gates increasing the level flow rate of the stream to the withdrawal
point are used to effectively capture emergency surface pollution.

Environmentally friendly bank vegetation maintenance
and bank lining

Bank vegetation maintenance and renewal uses environmentally friendly
approaches. For example, bank lining is repaired by using initial material which has
slid to the river bed, and the work is done by using a subtle walking excavator.
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The issue of bed sediments in the Elbe river
segment from Mélnik to Hrensko

Ing. Jindfich Zidek, Ing. Lukas Drahozal

The treatment of sediments (stream bed load) in the Elbe river which are not carried away because the
streaming water lacks adequate energy for this is a significant part of the operational, water service, and
environmental activities of the Povodi Labe company.

Monitoring of the sediments

Two types of sediment monitoring are practised on the Elbe by the Dolni ~| | = a @ -
Labe subsidiary: Volume monitoring and pollution monitoring. Volume i ; N

monitoring is done by the modern measuring boat Stfekov. In addition,
it is practised directly during the excavation work. Continuous pollution
monitoring is the responsibility of the Phare monitoring station, ad hoc
measurements are made during accidents and immediately prior to
excavation as a basis for selecting the most appropriate excavated
material handling option.

Sediment build-up in the Elbe river bed in a cascade of weirs

By increasing the water level, weirs reduce the water flow rate, thus
bringing about temporary bed load settling. However, when the flow rate
increases, particularly on opening the weir gates, the deposits are
virtually completely carried away.

Thus, the Elbe segment from Mélnik to Usti nad Labem, backed by the
weirs, affects only the time development of the bed load but not its total
volume. This fact is borne out especially by data from periodic
measurements performed on the largest weir pool at Stfekov during
1940 - 2011.

The photograph documents the issue of sediments from minor Elbe tributaries during rain storms.

Five basic sediment excavation/handling options

The extracted coarse sediments that are removed from the channel are largely relocated to the river channel
edges (in water), to be loaded onto boats and transported to the transfer station for reloading and transfer to
a land fill. Five extracted sediment management options are used within the segment from Mélnik to Hrensko:
The sediment is only extracted from the clear way and relocated to the channel edge. The sediment is
removed to a final dumping sit. The sediment is sold to buyers (if any) for further use. The sediment is
removed to a sanitary land fill for recycling or further use. Sediment which is classed as hazardous waste based
on laboratory tests is transported to a hazardous waste storage site

Mere removal from the navigation depth/bed depth and putting to the side of the river channel bank is the
most appropriate option from the water management, navigation, environmental, as well as economic
aspects. This approach to the river bed management especially within the regulated Elbe segment under
Stfekov ensures that the level will not decrease due to increased navigation depth and, at the same time,
often gives rise to environmentally interesting bank gravel benches and improves natural pathways of the
stream bed load development.
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Monitoring of sediment dynamics and toxicity of a highly
contaminated urban surface water body

J. Bolscher, A. Schulte, K. Terytze, M. Dumm, R. Suthfeldt, B. Vogt, R., Wagner
Freie Universitdt Berlin, Institute of Geographical Sciences

Since the beginning of industrialization, the use of urban surface water bodies for production purposes has
been common in Germany. It has led to a high accumulation of different chemical pollutants in the sediments.
In particular water bodies with very low flow conditions like the "Rummelsburger Bucht", an old branch of the
Spree river located in the center of Berlin, were highly affected [1]. This stretch of water covers an area of
450.000 m? with a shore length of 1.6 km and a mean depth of 2.5 m [3, 4]. The industrial development at the
surroundings started around 1850. As a consequence both the quality of water and sediment have been
decreased dramatically over the last 150 years [1, 4].

Previous studies have shown that the sediments are exceptionally high contaminated with organic pollutants
like petroleum-derived hydrocarbons, PCBs or PAHs [1, 3]. The concentration of heavy metals at the upper
sediment layers exceeds the local geogenic background value (LGB) by a multiple of times (e.g. Cd 8-15 mg/kg
(LGB <0.2-0.5 mg/kg), Zn 1028-1450 mg/kg (LGB 25-114 mg/kg)) [2,3]. Thus an improved knowledge has
become necessary concerning the current rate of sedimentation and its today's level of contamination
compared to prior conditions. More over that a lack of information exists about the sediment dynamics along
this water body and about the toxicity, remobilisation of pollutants and resuspension of contaminated
sediments. Against this background and because the Spree-Havel-System plays an important role for the
transport of urban and industrial pollutants into the river branch of the Middle Elbe, the research project
RuBuS started in November 2013 (co-financed by the Berlin State Government and the European Funds for
Social and Regional Development).

The core of the project consists of an integrated monitoring approach which focuses on the hydraulics and
sediment dynamics. This includes a systematical survey of the youngest sediment layers giving information
about the current and historical chemical status and potential risks; the investigation of amount and rate of
present sedimentation and its chemical status and biological toxicity; the analysis of hydraulic characteristics
and meteorological conditions and the continuous and extensive monitoring of physical and chemical
parameters of the water body itself.

Literature:

[1] Berliner Senat (2001): "Hilfe fir den Rummelsburger See". Bericht der Senatsverwaltung fir
Stadtentwicklung.
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Hintergrundbelastungen der deutschen Nebenfliisse. S. 147-151. Hrsg.: Forschungszentrum Karlsruhe GmbH,
Projekttrager Wassertechnologie und Entsorgung, Karlsruhe.

[3] Werner L. (2011): Sedimentkartierung Rummelsburger See 10-11/2011. Ergebnisbericht. Gesellschaft fir
Umweltanalytik, Boden- und Gewadsserschutz. Im Auftrag der Senatsverwaltung fiir Gesundheit, Umwelt und
Verbraucherschutz, Berlin.

[4] Wolter K.D., Ripl W. (1998): Konzeption von Restaurierungs- und Sanierungsmafnahmen fir den
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The mobilization potential of pollutants in
sediments and their ecotoxicological
influence on the aquatic ecology of Lake
Rummelsburg (Berlin)

M. Dumm, K. Terytze, A. Schulte, J. Bolscher, B. Vogt, R. Suthfeldt, R. Wagner

Freie Universitdt Berlin, Department of Earth Sciences

The Lake Rummelsburg in Berlin is an oxbow lake of the river Spree in a densely populated area of Berlin. For
almost a century, the riverside was a location of various industries, the consequence being that untreated
industrial and municipal wastewater dumped in the water body during that period. Currently the area
develops to residential use. Previous studies detected a high contamination of sediments by various pollutants
as well as a low biodiversity [1], [2], [3]. Remediation measures initiated by the Department of Urban
Development and the Environment of Berlin [4] did not improve the ecological situation as expected [1].

One of the aims of the research project RuBuS* is to ascertain the level of pollution of the youngest and
uppermost sedimentary layers deposited. Sampling is performed on 15 drill core samples and 18 sediment
traps. The upper 15 cm of the drill core samples divided into each 3 cm thin layers for separate examination.
The scope of investigation includes the determination of inorganic and organic substances and compounds as
well as the physico-chemical conditions of the sediments. The examination of soluble and mobilisable
sediment-bounded pollutants and their toxicity takes place based on selected elution and ecotoxicological
tests.

*RuBuS = Accounting and physicochemical characterization of the current sediment dynamics in the
Rummelsburg Bay (Research Project at Freie Universitat Berlin)
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Mobility of selected pharmaceuticals in soil-
water environment

Radka Kodesova, Martin Kocarek, Ales Klement, Miroslav Fér, Oksana Golovko,
Roman Grabic, Antonin Nikodem, Ondrej Jaksik

Introduction

It has been documented in several studies that soil may be contaminated by human or veterinary
pharmaceuticals. Some of pharmaceutical ingredient may be retained in soils. The rest can be transported to
the surface and groundwater through surface runoff (including transport of pharmaceuticals adsorbed on soil
particles) and infiltration. Study was therefore focused on the evaluation of selected pharmaceuticals
adsorption in soils, as one of the parameters, which are necessary to know when assessing contaminant
transport in water environment.

Methods

Batch sorption tests were performed for 5 selected pharmaceuticals and 12 representative soils within the
Czech part of the Elbe catchment. The Freundlich equations were used to describe adsorption isotherms. The
simple correlations between measured physical and chemical soil properties (soil particle density, soil texture,
oxidable organic carbon content, CaCO; content, pHy,0, PHkc, €xchangeable acidity, cation exchange capacity,
hydrolytic acidity, basic cation saturation, sorption complex saturation, salinity), and the Freundlich adsorption
coefficients, K;, were assessed using Pearson correlation coefficient. Then multiple-linear regressions were
applied to predict the Freundlich adsorption coefficients from measured soil properties.

Results

The largest adsorption (i.e. the lowest mobility) was measured for Trimetoprim (average K value of 22.5
cms/ul_l/n /g) and decreased as follows: Metoprolol (9.0), Atenolol (6.6), Carbamazepin (2.7), Sulfamethoxazol
(1.9). Absorption coefficients for Atenolol and Metoprolol closely correlated (R=0.85), and both were also
related to absorption coefficients of Carbamazepin (R=0.67 and 0.68). Positive correlation was found between
Trimetoprim absorption coefficients and Atenolol (R=0.68), Metoprolol (R=0.81) or Carbamazepin (R=0.83)
absorption coefficients.

Sulfamethoxazol absorption coefficient was negatively related to pHy,0, pHkc Or sorption complex saturation
and positively to the hydrolytic acidity or exchangeable acidity. Trimetoprim absorption coefficient was
positively related to the organic carbon content, cation exchange capacity, basic cation saturation or silt
content and negatively to particle density or sand content. Atenolol and Metoprolol absorption coefficients
were positively related to the organic carbon content, cation exchange capacity, basic cation saturation,
salinity, clay content or silt content, and negatively to the particle density or sand content. Finally,
Carbamazepin absorption coefficient was positively related to the organic carbon content, cation exchange
capacity or basic cation saturation, and negatively to the particle density or sand content.

Multiple linear regressions did not show improved prediction of K: values from various parameter
combinations. Thus evaluated pedotransfer rules for different pharmaceuticals include only single soil
property. Absorption coefficients could be predicted from: the hydrolytic acidity (Sulfamethoxazol), the
organic carbon content (Trimetoprim and Carbamazepin), the basic cation saturation (Atenolol and
Metoprolol).

Acknowledgement: Authors acknowledge the financial support of the Czech Science Foundation (Project No.
13-124775).
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Water Quality of the Elbe river basin from
the point of view of the drinking water
supply companies

-Water quality report of the AWE 2012/2013-

M. Kriiger'; W.Schmidt?; Th. Fischer®; V. Gothe®; U.Diinnbier® und G.Schnitzer®
! Fernwasserversorgung Elbaue-Ostharz GmbH, “Technologiezentrum Wasser (TZW), Aufienstelle Dresden,
*DREWAG Netz GmbH, “Wasserversorgung Riesa/Grofienhain GmbH, *Berliner Wasserbetriebe A6R,
®Kommunale Wasserwerke Leipzig GmbH

The safeness of drinking water production using bank filtration defines the main objective of the Association of
Waterworks in the Elbe river basin (AWE). In this context the waterworks agreed to follow consequently the
philosophy of natural orientated, cost efficient water treatment.

This year the third water quality report was published covering the period from 2012 till 2013.

The base of this report is the annual actualized monitoring program which considers physicochemical
parameters such as pH-value, conductivity, salt content as well as special parameters like pesticides, drugs and
selected industrial chemicals relevant for drinking water treatment using bank filtrate.

This report was written in cooperation with the Technologiezentrum Wasser Karlsruhe, branch office Dresden.

The authors conclude that all activities to improve the water quality in the Elbe river basin were successful in
general. The treatment of bank filtrate for drinking water supply is possible without any quality restriction.

On the other hand, it must be appreciated that the application of activated carbon is actual necessary in
Dresden, Riesa and Torgau for a complete elimination of organic trace compounds such as the toxicological
relevant halogenated ether compounds.

Although the activities of the AWE and IKSE as well as governmental authorities achieved positive results
concerning the reduction of pollutant loads in river Elbe and their tributaries in recent years, these efforts
have to be continued intensively in future.

The AWE supports all requirements of the “International Rivermemorandum 2013”, which focused to keep
guidelines for non-natural anthropogenic trace compounds. They are relevant for drinking water treatment
but not listed as priorities in the context of the EU Water Framework Directive, e.g.drugs, x-ray diagnostics and
other heavily degradable compounds.

The AWE — quality-report will be published every two years and can be downloaded under www.awe-elbe.de.
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Monitoring and balance analysis of the
substance erosion of plant protection
products in the Uhlava river basin (2013)

Vaclav Taj¢, Milan Kozeluh, Marek Liska, Michal Marcel

Screening of pesticides in Uhlava River catchment is a joint project of Plzeri City Council, Waterworks (Vodarna
Plzen, Itd.) and Vltava River Authority, state enterprise. The project is currently ongoing.

The Uhlava River is a major source of raw water for the water treatment plant in Plzefi, from where drinking
water is distributed to major part of Plzefi’s agglomeration. Uhlava River basin is characterized by a high
proportion of arable land and also by widespread growing of energy crops (oilseed rape and maize). This is
associated with the routine use of plant protection products. As a consequence the whole area is becoming a
diffuse source of pollution of surface waters by pesticides. The main aim of the project was to locate the most
polluted tributaries and identify the pesticides which are relevant for the monitoring of the contamination in
Uhlava River basin. Experimentally the survey of the pesticide transport from the catchment was carried out
by the means of mass balance calculation. In Uhlava River basin were successively selected 26 sampling sites.
The sampling was carried out from May to October. Monitoring was focused mainly on nitrogen pesticides and
their metabolites. During the years 2012-13 terbuthylazine, acetochlor, metolachlor, metazachlor and
dimethachlor (including all metabolites) were regularly found within the whole catchment. Metabolites of
alachlor, some uronic pesticides (chlorotoluron, linuron, isoproturon and chlorsulfuron), some specific
pesticides (propiconazole, tebuconazole, azoxystrobin, thiamethoxam, epoxiconazole), total herbicide
glyphosate and repellent DEET were detected less frequently and in lower concentrations.

The results confirmed a high seasonal load of some parts of Uhlava River basin by pesticidal substances. It was
confirmed that most of the pesticides reach the water more intensively during the periods of increased
precipitation. Some metabolites of pesticides were observed in the water during the whole year and their
concentrations were in some of the tributaries several times higher during the periods of increased flows.

Detailed report includes the datasets (positive findings of pesticides and metabolites), maps and graphic data
(average and maximum concentrations of pesticides and metabolites), framework analysis of the transport of
pesticides (mass balance estimates) and detailed evaluation of the results.

It was stated that Uhlava River and its tributaries are constantly and seriously contaminated by pesticides. EQI
for some pesticides was exceeded almost at all monitoring sites. The concentrations of pesticides found in the
Uhlava Plzefi — Doudlevce site (raw water withdrawal for the waterworks) were exceeding the legal limits for
raw water constantly.

Within this project 8 major source areas of pesticide contamination of the river were identified. The
framework mass balance analysis demonstrated that during the period May — October 2013 approximately
165kg of measured pesticides was carried away from the Uhlava River basin. About 112 kg of the pesticides
belonged to the group chloroacetanilides and 27 kg terbuthylazine. It represents about 3 % of total amount of
these pesticides which were applied in studied watershed. Our data are not sufficient to specify if the
difference was caused by retention of pesticides in soils or by the fact that our monitoring did not catch main
periods of high flows during Spring when high amounts of pesticides left the watershed very probably.

Application ofmass balance in a study mapping the occurrence of pesticides in a medium-sized basin gives
new possibilities for assessing the level of pesticide contamination of streams. Data collected in 2012-13
clearly show that attention that is given for application of pesticides with regard to the place and time of
application is not sufficient and that principles of a differentiated approach to agricultural use of drainage
areas of drinking sources should be aplied much more intensively.
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Monitoring of hazardous substances in solid
matrices by Czech Hydrometeorological
Institute

Jarmila Halirova, Drahomira Leontovycova

An important part of surveillance monitoring is monitoring of selected pollutants in solids (sediment, sus-
pended solids and biota) by CHMI. This paper focuses on evaluation of chosen hazardous substances moni-
tored in sediments, suspended solids and biota. The monitoring results were compared with the Environmen-
tal Quality Standards (EQS) pursuant to the legislation (Government order No0.23/2011 Sbh. and Directive
2013/39/EU). Data from the years 2010 - 2012 were evaluated at 7 sampling sites of the Elbe River basin which
are a part of International Commission for the Protection of the Elbe. Concentrations in sediments and
suspended solid were specified in standardized average concentration in dry weight, for biota in wet weight.

Perfluorooctane Sulfonate (PFOS) values exceeding the EQS were detected in juvenile fish on several locations
with maximum value in the Bilina - Usti n. L. (72 pg.kg™). Concentration in the adult fish blood was one to two
orders higher with the maximum value 3030 pg.kg™ in the Bilina - Usti n.L. These substances were not moni-
tored in sediments and suspended solids.

In case of Hexachlorobenzene the EQS was exceeded in juvenile fish and in benthic organisms only in the
Bilina - Usti n.L. The most significant value in sediment was monitored in the Bilina - Usti n.L. (up to 80 times
more) and in the Elbe(below Decin). The highest annual values in the Bilina - Usti n.L. reached 1 500 pg.kg™.

Polybrominated Diphenyl Ethers (sum of PBDE congeners PBDE 28, 47, 99, 100, 153 and 154) concentrations
in adult and juvenile fish (0,9 — 22,6 pg.kg) exceeded the EQS by several orders on all monitored locations.
Maximum values were detected in fish muscles in the Jizera - Predmerice and in the Vltava - Zelcin. PBDE con-
centrations did not exceed EQS in sediments and suspended solids on any of the monitored profiles. In most
cases values were below the limit of quantification (LOQ). PBDE measurable concentrations, in hundredths of a
limit, were detected only in suspended solids in the Bilina - Usti n. L.

Hexachlorobutadiene concentrations in biota were about two or three orders lower than EQS. Maximum
value for fish (0,9 pg.kg™) was detected in the Bilina - Usti n.L.. For sediments and suspended solids most of
the values were below the LOQ, measurable values in tenths of EQS were found only in the Bilina - Usti n. L.

Mercury concentration in fish muscles exceeded EQS at all of the monitored profiles. Mercury contents in
sediments were higher than the EQS limit in the Elbe - Obristvi and below Decin and in the Vitava — Zelcin,
primarily in the Bilina - Usti n.L., the value was up to six times bigger than EQS (maximum value 5,7 mg.kg™).

Bis(2-ethylhexyl)phtalate (DEHP) belongs to priority hazardous substances however it is not determined in the
Directive 2013/39/EU. According to Czech Republic Government order allowed value was exceeded only for
the benthic organisms in the Elbe - Obristvi (56 000 ug.kg™) and in the Vltava - Zelcin (4000 pg.kg™). Limits for
sediment and suspended solids were not surpassed. The maximum DEHP concentration (60 000 pg. kg) in
sediments was in the Bilina - Usti n. L.

In the group of Polyaromatic Hydrocarbons (PAU) fluoranthene’s limit states were exceeded consistently in
every observed profile. The highest concentration was 31times higher than the EQS and was observed in the
Vltava - Zelcin. EQS limit for sum of 5 PAUs is consistently outranged in the Vitava - Zelcin, the lJizera -
Predmerice and the Bilina - Usti n. L. These substances are not monitored in biota.

At least one or two indicators with determined EQS values were found in all of the evaluated profiles (e.g.
mercury, fluoranthene), in all cases the limits were exceeded. The worst of all sampling sites was the Bilina -
Usti n.L, here the EQS for solid matrices were higher in most of the indicators listed. Solids monitoring shows
the advantage of using different types of solids for systematic, meaningful and economically acceptable water
quality monitoring.
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Determination of Pharmaceuticals and
Personal Care Products (PPCPs) in Waste
Water of Vitava River Basin

Milan KoZeluh, Lumir Kule, Lenka Vaverkova
Povodi Vitavy, statni podnik, Praha 5, Holeckova 8, 150 24, tel. +420 377 307 385, milan.kozeluh@pvl.cz

Introduction

Pharmaceuticals (NSAIDs, hormonal contraception, antibiotics, antiepileptics, contrast agents, beta blockers,
fibrates, diuretics etc.) are a common part of the lifestyle of today's society and their consumption has
increasing trend from year to year. The presence of pharmaceuticals in the environment has been studied for
several years in various types of monitoring, especially in surface water. However, sources of pharmaceuticals
are mainly municipal sewage treatment plants. Since 2011 Vltava Authority, state enterprise carries out
monitoring of selected pharmaceuticals in wastewater. The number of analytes is gradually increasing.
Currently about 30 pharmaceuticals are monitored. The analytical method has been developed for the
determination of selected pharmaceuticals in wastewater; pharmaceuticals were analyzed with LC-MS/MS
(direct injection of water sample). LOQs are between 10—100 ng/I.

Synthetic musk compounds (musk ketone, musk xylene, galaxolide, tonalide, cashmeran etc.) replace some
natural plant and animal products in the production of various perfumes and fragrances. Their physical and
chemical properties cause retention of these substances in the environment in the original non-metabolized
form. Like pharmaceuticals, sources of musk are sewage treatment plant. Monitoring of musks in wastewater
was started in January 2014. Accordingly, the amount of data is poor and the project has the character a pilot
study. In the laboratory of the Vitava Authority, state enterprise in Pilsen was developed analytical method for
the determination of musk compounds in wastewater using GC-MS. Water samples are extracted with
heptane and the cleaned and concentrated extracts are analyzed by gas chromatography. LOQs are from

5 ng/l.

Results

The results of monitoring of pharmaceuticals allow (i) an evaluation of the three-year period for selected
wastewater treatment plants (WTP), (ii) distribution of the different pharmaceuticals in the Vitava river basin,
or (iii) comparison of WTP (different size) according to flow of the recipient. The results of monitoring of musk
are the first information about pollution this type.

Conclusion

Municipal wastewater treatment plants affect the concentration pharmaceuticals and musks in the recipient
significantly. This is especially in the case where the waste water treatment plant of a large city (over 10,000
inhabitants) flows into a small stream (average flow rate of less than 1 m3/s). The results showed the current
wastewater treatment technology does not remove pharmaceuticals and musk completely. Estimation of the
balance analyse shows that up to tens of tons of pharmaceuticals and their metabolites from WTP’s end up in
Vltava River Basin annually. Authors suggest extension of the analytical methods in more pharmaceuticals and
their metabolites in the next years.
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The Vrchlice reservoir and its Watershed -
history and present

Petr Ferbar, Vaclav Koza, Jaromir Pesava, Ludék Rederer
Povodi Labe, state enterprise, redererl@pla.cz

The Vrchlice reservoir is the only source of drinking water in the area around Kutna Hora in Central Bohemia.
The water balance is mainly variable in the course of the vegetation period. Dry periods alternate with
torrential rains.

Because of its unique position in the water supply of the whole region, the water quality has been rigorously
observed for a long time. The waterworks Vrchlice has been in operation since 1973. The first monitoring
system of the water quality in tributaries started in 1964 [1]. At the present time operational monitoring is
organized at the important profiles in tributaries and the water quality changes inside the reservoir are
measured as well.

The results of the long term monitoring campaigns had enabled to identify the seasonal variations of the
nutrients movement. The ratio of nitrogen and phosphorus is one of the most important factors which
determine the water quality in the reservoir. The value of the ratio fluctuates during the year. Daily
measurement of the water surface temperature has proved significant rise of number of days with higher
values. The environmental impacts have influenced the composition of phytoplankton. Great Dinophyta
(genus Ceratium) was originally dominant algae of phytoplankton [2]. The genus Ceratium almost has
vanished in the year 2005 and several genera of Cyanobacterium (Woronichinia, Microcystis and
Aphanizomenon) proliferated rapidly. Nearly whole volume of the reservoir is filled up with anoxic
hypolimnion in course of every summer. Due to deep decrease of oxygen, the great amounts of manganese,
iron, nitrides and ammonia are usually released in this period. There was found that local common growth of
the content iron and ammonia is the typical status.

Relatively comprehensive data sets effectively support water quality management of the reservoir today. Very
good experience was gained during the flood situation in June 2013. Some risks for water quality are formed
above the reservoir in the basin. This area is considerably populated and it is very important to look for the
methods of mitigation of its negative influence. Now some economic tools have been registered and their
effective support for the technical solutions is assumed.

Literature:
[1] Chlum A., Vodni dilo Vrchlice, MLVH CSR in SZN, Prague, 1975

[2] Koza V., Rederer L., Eutrofizace — Zivé téma na Seci, Kfizanovicich i Vrchlici, Proceedings of the Pitna Voda
Conference, 21. - 24.5. 2001, Tabor
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Water quality flood monitoring in terms of
Povodi Vltavy, state enterprise

Dobias J., Valek J., Soukupova K., LiSka M.

Povodi Vitavy, statni podnik, Praha 5, Holeckova 8, 150 24, tel. +420 251 050 711 jakub.dobias@pvl.cz,
jan.valek@pvl.cz, katerina.soukupova@pvl.cz, marek.liska@pvl.cz

Based on the evaluation of extensive flood events in 2002 (and 2013) was created the guideline of
extraordinary water quality monitoring in Povodi Vitavy, state enterprise. The main part is the design of water
quality monitoring during the floods, which reflects many years of experiences with normal and extreme
hydrological conditions in running water and reservoirs.

The aim of flood monitoring during the flood event is to get actual data about water quality on predetermined
localities as soon as possible and to estimate the time duration of higher risk, when the water quality may be
affected.

Flood monitoring is initiated when reaching or achieving expectations of the third degree of flood activity. The
sampling frequency is set to capture start, course and the end of the flood events. Sampling is ensured by
three laboratories of Povodi Vltavy, state enterprise — laboratory Praha, laboratory Ceské Budé&jovice and
laboratory Plzefi. The basic measured parameters are pH, conductivity, COD(c;), COD(c, after filtration, N-NH,,
AOX, NES, Cy-C40 and coliform bacteria pollution (FKOLI).

We successfully use the multiparametric probe YSI with turbidity, pH, conductivity, oxygen, temperature and
other measurements for monitoring the flood water layer in reservoirs. In the sample from detected layer are
analyzed especially flushed nutrients (phosphorus and nitrogen) and depends on known effects also specific
indicators (heavy metals, PAH’s and other organic pollutants, for example pesticides and their substances used
to protect agricultural plants).

Presented results show course of the water quality in Vltava River during the floods in June 2013, with a focus
on water quality data above and below Prague, compared with a routine monitoring in normal water level.

Extraordinary water quality monitoring was conducted during the floods 2013 from 2" to 17" of June. The
measured values were compared with values obtained during regular monitoring in 2011-2012. During the two
flood peaks that passed through Prague, abundance of oxygen wasn’t disturbed, also concentration of
petroleum products wasn’t higher. Higher concentration of coliform bacteria pollution and N-NH, nitrogen
was recorded at most monitored localities and all tributaries in the early part of the flood. Following days, the
concentration of these measured values was decreasing until the second flood peak from Berounka River
came. That was observable on the closing profile (Berounka River - Lahovice) on the 9™ of June, where the
maximum value of coliform bacteria pollution was detected (3660 colony-forming units per ml). Values of N-
NH4 nitrogen increased to twice of the maximum values measured in 2011-2012. The second flood peak
caused by Berounka River was observable on the 12" of June on localities above the center of Prague (Vitava
River - Podoli) and also after passing through the Prague (VItava River - Nelahozeves). Higher pollution was
caused due to shutdown of Central Wastewater Treatment Plant and other WWTP’s below Prague in the
beginning of floods, WWTP’s weren’t flooded and after flood events were quickly put into operation.

Higher values of COD(c, compared with normal water level were detected, but values of dissolved organic
pollution was almost ten times lower against total concentration of organic pollution. Increases of total
concentrations were caused mainly by the suspended solids coming from soil erosion and sediment drift. The
majority of organic pollution and metal pollution was bounded on suspended solids.
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Results of groundwater pesticide screening

Vit Kodes, Jindrich Freisleben, Miroslava Svatkova

The screening of pesticides in groundwater was carried out in the Czech Republic in autumn 2013 at 660
sampling sites (444 sites belonging to the Elbe river basin) as a part of a surveillance monitoring program
implemented by the Czech Hydrometeorological Institute. Some of the pesticide metabolites were analyzed
for the first time in the Czech Republic. Majority of analyses was conducted mainly with LOQ of 0.03 ug/l and
lower. The results show that in total 69 of 157 monitored pesticides occurred in groundwater whereas 43 of
113 monitored active substances and 26 of 44 monitored metabolites occurred. In total, 43 pesticides
occurred at concentrations exceeding the groundwater quality standard for individual pesticide of 0.1 pg/l,
from that 25 active substances and 18 metabolites. The most often occurring substances (found at more than
10 sites) were 14 metabolites of the following active substances: chloridazon, alachlor, metazachlor,
metolachlor, acetochlor, atrazine, terbuthylazine and only 3 active compounds (atrazine, hexazinone,
bentazone). Similarly 11 following metabolites exceeded the groundwater quality standard: chloridazon-
desphenyl (179 sites), alachlor ESA (107), metazachlor ESA (87), metolachlor ESA (68), acetochlor ESA (42),
atrazine-hydroxy (20) and atrazine-desethyl (10) whilst the active compound most often exceeding
groundwater quality standard was bentazone (7 sites) followed by atrazine and hexazinone (6 sites). At least 1
pesticide was found in 53%, the groundwater quality standard for individual pesticide was exceeded in 40%
and the groundwater quality standard for a sum of pesticides of 0.5 pg/l was exceeded in 28% of sampling
sites. More detail is given in Tab 1. Pesticides found in highest concentrations above 4 pg/l were as follows:
chloridazon-desphenyl (36.1 pg/l), clopyralid (8.42 ug/l), metolachlor ESA (8.28 pg/l), alachlor ESA (7.41 pg/l),
atrazine-hydroxy (7.26 pg/l), metazachlor ESA (4.41 pg/l) and acetochlor ESA (4.04 pg/l).

Fig.1: Number of pesticides found
in groundwater in 2013

Tab 1: Frequency of pesticide occurrence in groundwater in 2013

MNo. of pesticides found | No. of sites| No. of pesticides above 0.1 pp/l |No. of sites| Sum of all pesticides (pg/l) |No. of sites
0 07 0 385 =00 307
1 110 1 114 =15 167
2 53 2 60 <=1 49
3-5 117 3-5 (5151 <=5 106
b-10 B3 B-10 20 =10 19
10-15 B 10-15 3 =15 g
=15 4 =15 0 >15 8
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Jointly Used Groundwater on the Czech-
Saxon Border (GRACE)

Marie Kalinova *, Anna Katharina B6hm?

1T. G. Masaryk Water Research Institute, Public Research Institution; Prague, *Saxon State Agency of
Environment, Agriculture and Geology; Dresden

The Poster presents information on the most important outcomes of the project Jointly Used Groundwater on
the Czech-Saxon Border (GRACE). The project is funded by the EU Cil 3 Program which promotes cross-border
cooperation between the Czech Republic and the Free State of Saxony. Project partners are T. G. Masaryk
Water Research Institute, Public Research Institution, in Prague and the Saxon State Agency of Environment,
Agriculture and Geology in Dresden. The characteristic features of the project are the joint work of the Czech
and Saxon specialists and the coherence of information on the two areas of interest on the Czech-Saxon
border. The poster presents the main results of the project activities: groundwater flow models, spring-
discharge, groundwater fauna and groundwater age and mixing. The project results led to a common strategy
of groundwater resources protection in the two project areas. This strategy is an example for a common
approach to protection of jointly used water resources and a joint management of water bodies. For more
information see project webpage: http://www.gracecz.cz.

The Poster presents the most important results of individual sub-studies and groundwater flow models shown
in maps of two areas of common protection of water resources:

Hfensko-Kfinice/Kirnitzsch and Petrovice-Lickendorf-Jonsdorf-Oybin.
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The study of age and mixing of groundwater
in the area Hrensko-Krinice/Kirnitzsch, a
summary of the project GRACE.

Pavel Simek

T. G. Masaryk Water Research Institute, Public Research Institution, Podbabskd 2582/30, 160 00 Prague 6,
Czech Republic, e-mail: pavel_simek@®vuv.cz, tel.: +420 220 197 256, +420 604 25 19 19

Introduction

This study is a part of the GRACE project, which is supported by the Programme Ziel 3 / Cil 3 (European
Regional Development Fund) to promote cross-border cooperation between the Czech Republic and the Free
State of Saxony (Germany). The project is focused on protecting drinking water resources and clarify the
causes of falling groundwater levels in defined border area Hfensko/KFinice-Kirnitzsch.

Methods

The study of age and mixing of groundwater was based on the determination of the activity concentration of
tritium (*H). Sampling was conducted in the years 2012 and 2013. In total of groundwater samples were
collected from 12 water supply wells, 9 monitoring wells and 12 springs. Analysis of tritium was performed by
Laboratory of Radioecology TGM WRI by liquid scintillation counting after electrolytic concentration. Analysis
of physico-chemical parameters were performed by the laboratory of inorganic chemistry TGM WRI. To
estimate the age of groundwater was used Pistonflow model. Model evaluates the activity of tritium in
groundwater and long-term volume activity of tritium in precipitation. Nitrate concentrations depending on
activity of tritium in groundwater indicate mixing of groundwater with surface water [1], [2], [3].

Conclusion

Based on the dating of groundwater in the area Hfensko-Kfinice/Kirnitzsch was identified groundwater, which
represent a different age. These results help to identify the origin of groundwater in aquifers. Area
Hfensko/Kfinice-Kirnitzsch covers the territory of national parks Czech and Saxon Switzerland and represents
very important area of groundwater with high age over 50 years.

Aknowledgement

The work was processed of results gained in project GRACE sponsored by the Programme Ziel 3/Cil 3
(European Regional Development Fund).
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