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Summary

Progressing urbanization and migration of popufafiom rural to
urban areas bring new challenges to the managewfentrban
waters, particularly in preservation or restoratafraquatic habitats
and in improving of the environmental sustainapilitf our cities.
Urban environment does not only affect the wateality by a
continuously growing input of anthropogenic subséa, but mainly
changes the hydrological cycle via increasing amofiimpervious
surfaces in catchments.

Urban drainage is on one hand an essential panthain sanitation,
but at the same time one of the main causes airatdeterioration.
The recently adopted term “urban stream syndroragirsarizes the
degradation of streams and aquatic biota in urbarasa
characterized by flashier hydrograph, changes tnwél stability
and morphology, and deterioration of water andraedt quality.
The recent status of stream degradation in Pragileg an example
of two creeks affected by different type of urbamaidage -
combined sewer and storm water drain, is presefiiee.long term
monitoring and assessment of the two creeks, ¢B@ombined
sewer) and ZatiSsky creek (storm water drains),dhasvn that the
urban drainage affects all parts of the aquaticirenment. The
channel morphology is altered by the stormwaterctvtdischarges
directly to the creek and causes a hydraulic staessmpanied by
removal of the sediment, outwashing of sensitivecgs and
changes in the behavior of priority substancesnimdoxic metals.
The type of urban drainage plays an important rate
increasing/decreasing bioavailability. As a consege of the
degradation, the creeks do not achieve good chéamchecological
status, and are classified as heavily affected watgs.

Possible approaches for restoration of the creeiade decrease of
effective imperviousness, increase of retention laber use of the
stormwater. The restoration of an urban creek igpnesible without
good understanding and communication between eexgine
architects, city planners and natural scientists.



Souhrn

Pokraujici urbanizace a migrace obyvatelstva désims sebou
piinasifadu problém pro vodni hospodétvi. Zejména se to tyka
ochrany a revitalizace vodnich habhita zlepSeni environmentalni
udrzitelnosti mist. Vliv mést na vodni toky se neomezuje pouze na
zmeny kvality v disledku rostouciho mnoZzstvi antropogennich latek
vstupujicich do vodniho prdsdi, ale zejména apobuje zniny
hydrologického cyklu jako isledek naistu podilu nepropustnych
ploch v povodi.

Méstské odvodéni je =zakladem ochrany obyvatelstvareg
zdravotnimi riziky, ale je také jednou z hlavnichi¢im degradace
vodnich tok. V poslednich &kolika letech se roz8I pojem
syndrom urbanizovanych tbk ktery identifikuje degradaci
méstskych tok. Tato je charakterizovana #mami hydrogramu
s vyskytem bleskovych povodni, snizenim stabilitpryka a
zvySenou erozi, zhorSenim kvality vody a sedimeruedené
zmeny prostedi vedou k naruSeni vodni bioty.

Na pikladu dvou drobnych tak ovlivnénych riznymi typy
mestského odvodmi, jednotnou a oddilnou d&s/ou kanalizaci, je
prezentovana s¢asny stav degradace drobnych ttok Praze.
Dlouhodoby monitoring a hodnoceni stavu Beti(jednotnd) a
ZatiSského potoka (oddilnd de$a kanalizace) ukazuji, Zegatské
odvodreéni ovliviuje vSechny slozky vodniho préstli. Zadsini
de¥ovych vod do toku zjsobuje nejen zémy v morfologii toku,
ale vyraz@ prispiva k zvySenému pohybu sedimentu a odplaveni
citlivych organisni. DuleZitym zjiS&nim je také, Ze typ #stského
odvodréni  ovliviuje chovani prioritnich polutaint zejména
toxickych kowi, a neni jejich biologickou dostupnost. Sledované
toky nedosahuji dobrého chemického a ekologickéiawusa je
mozné je oznat jako silnt pozneénéné Utvary.

Mozné ieSeni stavajici situace je revitalizace vodnichitdkera
bude v prvnitad® zangfena na snizeni mnoZzstvi degych vod
vstupujicich pimo do toku (snizeni efektivni nepropustnosti,
zadrzeni vody v povodi a pagdi vyuziti) a nasledné revitalizaci
koryta.

Revitalizace nistskych tok a nasledny néavrh udrzitelnych
napravnych op&tni nejsou mozné bez nalezeni spodho jazyka
mezi inZzenyry, architekty, urbanisty ain@dowdci, nutného pro
pochopeni procés které se v povodi odehravaji.
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1 INTRODUCTION

Urbanization is a process of physical growth ofambareas and
movement of human population from rural to urbagaar While at
the beginning of 20 century only 10% of the world’s population
lived in urban centres, in 2006 it was already 56f4he human
population[9]. In developed countries the proportion is etgher,
for example in Australia already 90% of populatitive in
cities[33]. In the Czech Republic already 74.6% of intetis live
in cities. As this proportion increases with timlecal and global
environmental impacts of urban areas also incredke. extent of
urbanization impacts on aquatic ecosystems is ajlpiaqgrowing
faster than the rate of urban population growtltalise advances in
communication and the increased desire for persgregn space
often promote decentralization and urban sprd@2]. These
landscape changes manifest themselves by conves§ifimest and
rural land to residential, municipal and commeradiesles as the
human population and its demand for land incrdd$3[51][52],
particularly near water bodies. Urbanization as final phase of
transformation in land use causes a deep impactnatural
connection between soil and aquatic environnfigsit

Urbanization affects different parts of the aquatjstem. The most
serious problems caused by urbanization are chamjeshe
hydrological cycle, in particular the surface runoharacteristics,
leading to changes of hydromorphological and hgdnamic
conditions of the stream The other significant effis on chemical
state of the urban recipient, leading to changekebiota[11][38].
Proper understanding and management of the urlzanagdye system
is therefore crucial for ensuring sanitary and emvinental safety
for urban populations.

2 URBAN DRAINAGE

The current definition of the urban drainage egst purpose is to
safely and quickly drain all types of waste water.g( from
households, industry) as well as surface runofffrompervious



surfaces and infiltrated water from urban areas waste water
treatment plants (WWTHRS8]. The goal of the urban drainage is to
provide sanitary and ecological safety for humapupation living in
urban areas.
The urban drainage system consists of sewer systaste water
treatment plant and the receiving water body, Uguader or creek.
The goal of this work is to demonstrate the intdoms urban
drainage - recipients within the entire urban dags system.
Therefore only those parts of urban drainage aretioreed, which
are in direct contact with the recipient.
The simplest way to categorize sewer system is hey type of
drained waste water. While the combined sewera&? {€the oldest
type of sewer system draining both waste water #ed surface
runoff incl. infiltrated water to the WWTP, the sto water drains
(SWD) operate only during rain events and drainghdace runoff
only. The CS operates continuously; during dry qubrall waste
water goes to the WWTP, but during rain eventsragfahe diluted
waste waters overflows to the recipient. Combiseder overflows
(CSO) satisfactorily treat the technical and ecoicatrimitation of
sewerage and WWTP operation; however, they are ritapiosource
of pollution and cause a hydraulic stress for tingagic biota.
The definition and operation of urban drainage eatlre following
problems for protection of the receiving water tesdi
e Quick drainage of surface runoff from imperviousfaces
causes increase of natural discharge of small sreek
e The rapidly drained surface runoff cannot rechatige
ground water.
e Pollution of recipients during rain events and snmsit
increases.
e The diluted waste water diminishes the efficiencly o
WWTP.
» Biological diversity of the aquatic community deases.

There is an urgent need for a new definition ofanrbrainage which
would include not only protection of human popuati but also
protection of the environment from anthropogenitivies.

The complete understanding of the urban drainadectsf on
recipients is crucial for sustainable protectiord amestoration of
aguatic systems.



3 URBAN STREAMS

Urban streams are highly vulnerable to impacts@ated with land
use changes resulting from the increasing urbadoizabtreams play
an important role in the urban areas as 1) carérsvater and
suspended solids; 2) habitats for diverse and mtodubiota, and 3)
social and cultural elements for human inhabitditisig in the
catchment[48].The impact of anthropogenic activities on atns
has substantially increased during the recent yead the streams
are losing their natural character rapidly. In Fa@oonly a few
recipients are not directly or indirectly affecteglurban areas.

The increasing number of affected streams hasctdtiahe research
communities, motivating them to develop new consepind
technical terms expressing the problem of urlieeams. The term
“urban stream syndrome” describes the consistematserved
degradation of streams draining urban I§2#l[33][37][48].

The symptoms of the urban stream syndrome includashier
hydrograph, elevated concentration of nutrients eodtaminants,
altered channel morphology and reduced biodiver§%][48].
These effects are often accompanied by other symgptehich are
not observed in all urban areas, such as redudfidraseflow and
increase of suspended solids concentration. Agthomost of the
symptoms show consistency in their occurrence bamrareas all
around the globe, their degree to which they chathge aquatic
ecosystems is highly variable and depends on lomadlitions. The
main symptoms are summarized in Table 1.

The mechanisms driving the syndrome are integratet! variable,
but most of the impacts result from a few majogéascale sources,
primarily from urban storm water runoff delivered stream by
hydraulically efficient drainage systef#8]. Other stressors include
combined sewer overflows, waste water treatmenntpédfluent,
legacy pollutants (long-lived pollutants from earliand use), and
illegal discharges of waste water. Most of the aesle on urban
drainage impact has focused on correlations betwsgaam
chemical and biological metrics and various topphbreal or
hydraulic parameters, such as total catchment wimgsness,
distance between stream reach and urban land addalii
efficiency of the sewer system.
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Tab. 1 Symptoms associated with the urban stream syndiomoelified
from [48][24]) (* correlation with level of urbanization wasot clearly
proved)

Feature

Symptom

Hydrology

Increasing frequency of overland flow

Increasing frequency of erosive flow

Increasing magnitude of high flow

Decreasing lag time to peak flow

Increasing rise and fall of storm hydrograph

Changes of baseflow magnitude *

Water and
sediment

chemistry

Increasing concentration of nutrients (P, N)

Increasing concentration of toxic substances

Increasing temperature

Increasing concentration of suspended matter *

Decrease of organic matter retention

Channel
morphology

Increasing channel width

Increasing pool depth

Decreasing stability of the channel

Increasing scour

Disturbance of the river continuity

Changes in sedimentation processes *

Enrockment of banks

Fish

Decrease of sensitive species

Increase of tolerant species*

Changes of abundance*

Changes of biomass*

Invertebrates

Increase number of tolerant species

Decrease number of sensitive species

Decrease number of predators*

Algae

Increase number of eutrophic diatoms

Decrease number of oligotrophic diatoms

Changes of biomass*

Presence of toxic algae

Ecosystem
processes

Decrease in nutrition uptake

Leaf breakdown

Net ecosystem metabolism*

Nutrition retention

P:R ratio

The focus will be primarily on small streams, besmthey are the
most abundant of receiving waters and because, thithsmall




catchments, they are very sensitive to land usengds The
response of small streams to land use changescam as a warning
signal of the potential deterioration to downstreaaters. Equally,
the protection of small stream ecosystems willsissie protection
of large receiving waters downstre§sg)].

3.1 Hydromorphological changes

Increasing amount of impervious surfaces and detrgaarea of
natural vegetation cover belong to the most pronedn
characteristics of urbanization. These changedfiigntly alter the

hydrological conditions in the catchment and thenawiour of

streams. The high amount of impervious surfacesseasmua

substantial increase of surface runoff componealsng with a

decrease of groundwater recharge and base flow.

The amount of water entering the recipient duria@ revents is
significantly larger and causes increase of fldwe $treams tending
to be more “flashy”. The rising and falling limb$ the hydrograph
are steeper and the maximal flow often exceedsataral maximal

flow from pre-urbanized period. Storm waters quyckdrained

during rain events by conventional sewer do nothiethe aquifers
and therefore the base flow is lower than the @htbase flow

(Fig.1).

The increasing volume and frequency of high flow @me hand

requires stronger flood protection and mitigatidhnegative flood

impact on the ecological integrity of the receivistgeams and their
inundation zones.
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Fig.1. Schematic diagram showing flow response to rair(fadlrs) in two

hypothetical streams with a catchment of 1%kmne draining a forest

catchment (solid line) and one draining an uieth catchment with

conventional stormwater drainage systems (dashedl [50].

The construction of sewer systems also resultdtémration of the
catchment area and the stream length. These chang@sanifested
directly as a shift in the surface runoff volumedaindirectly in

shortening the critical duration of rain and in@edhe intensity of
the design rain. The urbanization causes highedffeequency.
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Fig. 2 Flood Frequency Curves for varying degree of urbaion [18]
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While in natural catchments the flood periodiciyli.2-2.4 years, in
urban catchment the flood may occur several timgsaa[38] (Fig.
2). Increase of the recurrence interval of floaniv$ causes higher
erosion and hence enlargements of stream channels.

The current flooding zone may therefore not comesp with
flooding zones reported in the history for the sareeurrence
interval.

Important impact of urbanization on streams is astisturbance of
the movement of organisms through construction dffical
reservoirs and steps together with channel straimhg. A
consequence, large segments of the streams aremimgco
impassable for aquatic organisms. The impact oatéghbiota due to
enlargement of stream channels is particularly puoced during
drought or decrease of the stream water level. l@ncbntrary, an
enhancement of maximal flow causes decrease ofehatability
and increase of erosion risk. This means alternatd stream
morphology, loss of the bank environment, lower eratjuality
caused by high amount of suspended solids andiaitaf the
channel. The morphological change of the strearmiiits natural
succession of aquatic biota and destroys  natural

habitatg[23][23][24].
3.2 Chemical and physical changes

The quality of aquatic environment in urban aremsffected by
waste water entering the stream from the systemrlzdn drainage
(combine sewer overflows, storm water drains, WW&ffluents,

illegal discharges). The waste water dischargesr altater and
sediment quality and cause changes to the chersiatils of the
recipient.

While during dry weather the receiving waters dfected mostly by
the wastewater treatment plant (WWTP) effluents ather

continuous sources and the impact on receiving rwatepends on
the treatment efficiency of WWTP and the level dlutibn, the

quality of the aquatic environment during wet weatis affected not
only by WWTP, but mostly by direct surface runoffdathe SWDs
and CSOs flows. The rainwater and surface runaftaio insoluble
substances, organic micropollutants, and toxic Imeffam traffic

and local heating systems as well as from commlescid industrial

12



sources [14]. These substances accumulate during dry-weathe
periods on the catchment surface and are washeatuoffg the rain.
The water entering the recipients from CSO outfalla mixture of
rainwater, municipal sewage, industrial wastewated sediment
(sewer sludge) accumulated in the sewer systenmglaity periods.
The winter surface runoff can also contain high ants of salts and
insoluble substancg31].

The water quality in receiving waters deteriorategng rain events,
leading to negative impacts on aquatic biota. Ohethe basic
chemical parameters, pH, is very often impactedndurain events.
While in water bodies impacted by CSOs pH can amseeduring
rain events due to higher concentrations of ammamiginating
from the sewer system and developing from ammonions, a
decrease of pH is often observed in receiving watdfected by
SWDs. The decrease of pH is usually observed il smeeks where
the discharge of SWDs into the creek may exceedréek flow rate
upstream of the discharge po[@D]. The decrease of pH (below 6)
affects the mobility of pollutants, especially toxinetals, which
become more mobile and bioavailable to aquatic
organismg6][22] [34].

The pollution by biodegradable organic substandésnocauses a
decrease of the dissolved oxygen and changes ax i@zhditions of
the aquatic environment. Changes in the redox fiatemay cause
remobilization of metals and other pollutants freamdiment and
hence increase their bioavailabil[B89]. Insufficient concentration of
dissolved oxygen increases negative effects ofctsybstances on
aquatic biota. Beside pH and redox potential, thatitponing
behaviour and spatial distribution of pollutants the aquatic
environment is regulated by hydrodynamics, biogeaoubal
processes and other environmental conditions, divegu salinity,
temperature and particle size distribution of sedita[7]. Changes
in sediment chemistry due to bottom disturbance oesult in
contaminant remobilization. Subsequently, expostaedifferent
chemical conditions could result in desorption &naghsformation of
contaminants into more bioavailable or toxic cheahiorms[12].
The fate of toxic metals and other priority polhts in the urban
creeks environment can then lead to higher uptdksoliutants by
aquatic biota. Concentrations of priority pollugrimainly toxic
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metals, PAH, PCB, etc.) in sediments usually excdsmse in
overlying water by three to five orders of magné&(@][25][34].
Higher concentrations of suspended matter enldmgeisk related to
presence of toxic substances adsorbed on  sudhdbe solid
particles (e.g. toxic metals).

Runoff from roads and agriculture area is oftericlied by nitrates
and nitrates (toxic for fish), sulphates, which affecting the
calcium carbonate equilibrium and consequently taey affecting
hydrochemical stability and aggressivity of water.

Surface runoff from roads may increase concentratiof
carcinogenic polycyclic aromatic hydrocarbons (PAkhown for a
high stability and ability to accumulate in sedirtsgerand nonpolar
hydrocarbons substances originating from petrotuamilating in
organisms and sediments and being highly toxiotplankton.

The pollution load is closely related to the raiha@cteristics.
Sobotg41] mentioned that 90% of the COD input is asseciavith
the beginning of intensive rain (15-20% of rain ation) — first
flush. In the case of less intensive rains, theease of pollution
concentration is delayed and less rapid.

Another physical factor negatively affecting watecipient is
increasing temperature caused by warmer surfaceffrunom
impervious surfaces, missing bank vegetation asd ptoximity of
buildings reflecting light. The heat may change teelperature
regime of the stream, because the stream temperaitreases and
the periods of natural cold become shorter.

3.3 Changes of the biological component of
the aquatic environment

The stream ecosystem has to be considered as edctmenplex,
where each part has its own function. The aquaditalis composed
by different types of organisms, producers (phyaogton,
macrophytes), consumers (zooplankton, invertebrafish) and
decomposers (bacteria, fungi). Loss or restrictibane of the group
will cause collapse of the whole ecosystem.

The impact of water on biota includes both the wagaality and
quantity.
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The population of aquatic organisms is closely elated with the
water quality. Water quality directly affects thebuadance
(population density), reproduction, and survivatio of sex, age
structure and, in particular, the long term biodsity. The aquatic
organisms are used as indicator/ bioindicator, afewquality. The
most common group of bioindication organisms aresh,fi
macroinvertebrates and diatoms. Especially diatorasd
macroinvertebrates are very good indicators of wrlkainage
impact[1][46][48].

The impact of water quantity in urban areas iscéfé by the level
of urbanization and amount of impervious surfa¢eghe past, the
question of water quantity was mostly focused omimmal flow
(Qssg), but in urban catchments the situation is momapl@ated. On
one hand, the minimal flow is often not maintainexpecially
during dry months. On the other hand, the surfaceff during rain
events is drained to the stream and the maximapaable flow is
frequently exceeded. Exceeding of the maximal fbauses washout
of organisms not resisting against such a high .flmathis case the
whole food chain is dislocated, and the recoloiratof the
community requires several weeks or months. In adsiequent
summer rains, the disturbance repeats before tita ban recover,
which disturbs the community seriously.

The state of the biota is also a crucial indicaibithe ecological
status of water bodies according to the EU WateamEéwork
Directive [10]. Hence, it is necessary to sustain diversifigotic
communities in water bodies and fulfil the requiets of the
Directive on achieving a good ecological statuslbfwater bodies
within the EU by 201%10].

4 CASE STUDY

A long term study of urban drainage impact on néogi water is
presented on an example of two creeks in Pragui¢ Band
ZatiSsky creek.
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4.1 Study area

The studied creeks (Bofi ZatiSsky Creeks) are located in Prague
(the capital of the Czech Republic) and both arghtrhand
tributaries of the Vitava River (Fig. 3). The Bptithe largest
tributary of the Vitava River in Prague, is maiglypplied by CSOs
and SWDs, while ZatiSsky Creek is affected by SVébly. Table 2
provides more detailed information about the creeks

o
v h‘

RIVER

10 km

3 km
| ——|

n i
- ~ - - - -
= Stream ... main roads //// |ndust.r|al a.rea l:lresuiermal area
= CSO == SWD _—— sampling site

Fig.3: The map of creeks studi¢26]

The upstream part of the Boéticatchment is characterized by
agricultural land use, with suburban settlement® trbanized
downstream parts are affected by urban effluentsluding
wastewater from printing shops and electrical, dieam and
machine-building industries entering the creekeubgh the CSOs.
The creek is also affected by the large Hostreservoir. ZatiSsky
Creek runs through a residential development goarially forested
area, and there are three stormwater managemes porthe creek.
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Tab. 2 Basic characteristics of the creeks studied (pamenthesis:
number of outfalls in the study section)

Boti¢ (B) | ZatiSsky cr. (2)
Length [km] 34.5 3.1
Catchment area [knf] 135 3.02
Average discharge [ms] 0.4 0.025
Type of drainage* CSO (2),| SWD (7)
SWD
Length of the study section| 2 2.9
[km]
Annual overflow  volume | 47 500 87 700
[m3.year?]
4.2 Methods

The assessment of the urban drainage impact cansirevas based
on a long term hydromorphological, chemical and Idyizal
monitoring. The Boti has been monitored since 2000, and the
ZatiSsky creek since 2002.

4.2.1 Hydromorphological monitoring

The morphological status of both creeks was asdesse the
methodology presented jA1][23].

The hydrological- biological assessment was basedoag term
monitoring of the flow and identification of the topal ecological
flow for macroinvertebrates. The optimal and madirmeceptable
flows were identified by use of the IFIM methodojognd the
simulation tool PHABSIM2][5].

4.2.2 Chemical monitoring and assessment of the
chemical status

The chemical monitoring was conducted at differenels. Basic
parameters of water quality (pH, conductivity, N-N®I-NG,, N-
NH,4, P-PQ, COD, Cietc.) and concentration of priority substance
(toxic metals, PAU) in water and sediment were
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measured[23][27][35]. Toxic metals were also identified in the
biomass of macroinvertebrati][25].

4.2.3 Biological monitoring

The biological monitoring was based on the assessroé the
macroinvertebrate communitj24][35][43][44]. The main metrics
used for evaluation were diversity and abundance.

4.3 Results

4.3.1 Hydromorophological assessment

The morphological assessment of the creeks is suizedan Table
3.

Tab 3. Percentage of the creek length maintaining thephological
status of the following five categories (1.cl- maiy 2.slightly modified;
3.obviously modified; 4.significantly modified, BArtificial character)
(Contin.- objects which affect the river continuurR- reservoir, W-
wear)[24].

Creek | l.class | 2.class | 3.class | 4.class | 5.class | Contin.
%
Botié 24 50 16 8 0 R, W
Zatiss. | 5 15 40 30 10 R

The assessment indicates that both the streanadfacted by human
induced erosion due to operation of the sewer gyside disturbed
morphology of the streams is one of the factorssicay low
biological diversity[24].

Identification of optimal and maximal acceptablewl (tab 4) has
demonstrated that agquatic organisms are exposhkydraulic stress
during rain events caused by the storm waterhdige to creeks.
On the contrary, the flow during drought is beloke tminimal
acceptable value and the organisms are stressethshificient
amount of watef5][23].
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Tab. 4 Ecologically acceptable range of flow{st) [5] [23]

Season Minimal | Optimal | Maximal
(m’.s?
Boti¢
Spring 0.21-0.23 0.38-0.43 1.09-1.1
Summer 0.24-0.26 0.45-0.52 1.14-1.15
Fall 0.21-0.22 0.38-0.45 1.07-1.08
ZatiSsky creek

Spring It was impossible to identified the range |of

flow, due to a small number of collected

organisms
Summer 0.007-0.008 | 0.018-0.025| 0.085-0.088
Fall 0.009-0.01 0.018-0.025| 0.083-0.08%
Fig. 4 shows the high frequency of occurrence odirblpgical

situations causing stress for aquatic biota. Wikpect to time
needed for restoration of the biotic community {25 day) [30][15],
the disturbance of the biota occurs too often &Bdcommunity does
not have sufficient time to recover. Each rain egé therefore
increased the degree of the biota degradation.

CSO1
1x year

2x year

5x year

1x
2x

~
85X o
TUX

»

CsS02

10x year

30 60 9 120 150 180 210

m

240 270 300 330 360
Fig. 4 Unaffected discharge frequency curve of Batieek compared to top

discharges caused by CSOs [27]

The altered flow of both streams plays importaé io degradation
of the biotic community.
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4.3.2 Chemical assessment

The assessment of the chemical status of the creaksbased on
water and sediment quality evaluation. The watealiu was
evaluated by the environmental quality standardstifled in the
Czech legislatio36]. The evaluation of the sediment quality issles
straightforward, because the Czech legislation doess provide
environmental quality standards (EQS) for all gtiorsubstance
monitored on the studied creeks. In addition, theniified EQS are
considered for different sediment fraction than thenitored one
(monitored fraction was 630pum, while the legislatizvorks with
20pm for toxic metals and 2mm for PAH and other aoig
substance). Therefore the evaluation of the sedimgeality was
based mainly on international standards, such as EFA
benchmarkers identifying threshold effect concditrs (TEC) and
probable effect concentrations (PEHZH].

The creek affected by CSOs (BotCreek) suffered mostly by
deterioration of COD (chemical oxygen demand - diatate reflux
method, EQS—26 mg}), BOD5 (biological oxygen demand; 3.8
mg.l"). During acute events, when the combined sewer was
overflowing, deterioration of suspended solids (86.I"), N-NOs
(5.4 mg.1"), N-NH, (0.23 mg.t) was observed. The water quality of
ZatiSsky Creek satisfies the ambient water qudiityts during most
of the time; only in some cases TOC (10 Myg.TP (0.15 mg:}) and
total suspended solids exceeded the ambient waddityo[26].
Concentrations of toxic metals and PAH in wategémeral meet the
requirements of the ambient water quality.

The content of toxic metals in sediments was idiedtiby use of two
methods: digestion by HNQo identify the pseudo total (available)
fraction of the metals, which can be up-taken kdirsent-dwelling
organisms (macroinvertebrates), and the sequentiedction[34] to
identify content of metals in different geochemidaictions. The
measured available concentrations are summarizdalite 5. The
maximum and mean concentrations are listed togewidr the
cumulative criterion unit (CCU — factor indicaticgmulative effect
of all metals)[8][23]. The concentrations of metals vary signifidant
among the creeks affected by different types ofanrldrainage
systems. Creek receiving CSOs (BotCreek) exhibits high
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concentrations of three most ubiquitous urban reetapper, zinc
and lead.

Tab 5: Concentration of selected toxic metals in sedinferd.kg'). The
shadow values exceed the TEC benchmarker and fiddntioncentrations

which may cause negative effect on biota.

Cu Zn Pb
Site | Max | Mean | Max | Mean| Max | Mean
Bl | 14 12 41 36 10.7 | 9.9
B2 | 35 17 143 | 62 42,3 | 15.1
B3 [ 215| 96 | 546 | 169 | 108.8| 51.6
B4 | 121 | 59 | 302 | 129 | 64.6 | 38.1
B5 | 88 49 129 | 87 40.5 | 28.3
Z1 | 25 22 130 | 116 | 51.3 | 31.6
Z2 | 19 11 121 | 60 114 | 7.7
Z3 | 16 8 112 | 47 15.3 | 8.6
Z4 7 5 59 45 7.9 6.5
Z5 8 6 54 44 9.8 7.4
Z6 | 13 9 55 46 259 | 11.2
TEC 28 159 34.2

Ni Cr Cd CCU
Site | Max | Mean| Max | Mean| Max | Mean| Max | Mean
Bl |13.4| 11.6| 16 | 16 |0.070/0.061| 1.8 | 1.6
B2 |16.5| 82 | 20 | 10 |0.213/0.164| 45| 2.1
B3 [36.3| 16.6| 82 | 42 |0.579/0.309/17.6| 7.7
B4 |25.0| 11.6| 56 | 24 |0.460/0.276| 10.5| 5.2
B5 (25.6 11.1| 37 | 18 |0.110/0.110| 6.6 | 3.9
Z1 |20.9| 135| 20 | 16 41| 3.1
Z2 |30.4| 12.3| 23 | 12 30| 15
Z3 [44.2| 15.2| 49 | 17 |0.051/0.051| 3.8 | 1.6
Z4 |21.1] 129]| 13 9 ]0.013/0.013/ 16| 1.2
Z5 [14.3| 99 | 16 | 10 |0.078/0.077| 1.7 | 1.3
Z6 [16.8| 10.5| 15 9 1]0.101/0.101 2.4 | 15
TEC 39.6 56 0.592
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In case of these elements, maximum and mean coatientvalues

also exceed the toxicological benchmark TEC, idgintj a possible

negative effect on biota. In case of the creekcééfd by SWD, the
metals in sediment were usually detected at lovestels, and

therefore they represent low risk for macroinverd#ds with respect
to the assessment by TEC [26].

The assessment of sediment contamination on bakigh®

cumulative criterion unit (CCU) and its impact oguatic biota,

especially macroinvertebrates, shows that in tise cd Boté Creek

the biota is exposed to a high risk due to conegintrs of metals in
sediments. The intermediate level of risk was aislicated at some
sites on ZatiSsky Creek.

14
12 Boti¢ Zatissky creek
— 10 BmZn
S 8
o0 mCu
6 Cd
4 mPb
2
P F SH CG SG PR F SG PR

Fig. 5 Biota sediment accumulation factor (BSAF) for femfigroups
(BSAF>1 indicates accumulation to concentrationhbigthan sediment
concentration) (P-producer, F-filterer, SH-shredde&-collector-gatherer,
SG-Scaper-grazer, PR-benthic predator, FH-fish){fieal from [22]).

The results of toxic metals bioassays are presentBdjure 5. They
are depicted by feeding groups to indicate the iweoge of metals
in the food chain. Due to the extent of modificatiof the urban
water bodies, not all feeding groups are presenbdth streams
studied.

There are significant differences between bioacdation of metals
by organisms in creeks impacted by SWDs and CS@mar@sms in
creeks affected by CSOs accumulate toxic metalbouer levels
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than organisms (of the same size and speciesgpeksrimpacted by
SWD, even though the CSO creek is more pollutee Biblogical
availability of metals in creek affected by CSQawer than in creek
impacted by SWD. The bioavailability of metals ispéndent on
environmental conditions and their modificati@®] [26].

The chemical status of the creeks, in particula dlecurrence of
priority pollutants in sediments, may result in Ewbiological
diversity of the streams.

4.3.3 Biological assessment

The biological assessment was based on monitoririg the
macroinvertebrate community. It has shown thatdbemunity on
Boti¢ has an extremely low diversity and that the comityuis
characterized by high abundance of tolerant speaigs missing
sensitive organism&3] [42].

The ZatiSsky creek has a worse state of the mamudebrate
community, with extremely low biodiversity and allamce[23].

4.4 Summary

The urban drainage causes the following effectdh@enmonitored
creeks (Bott and ZatiSsky creek):

* Morphological degradation of the channel.

» Hydraulic stress for the aquatic biota.

» Chemical deterioration of the ecosystem, mainly by
introduction of priority substances with high atyilito
accumulate in the sediment and biota.

» Damage to the biotic community.

The unsatisfactory state of the benthic commumsityaiused not only

by combination of all these factors, but also bgsgince of reservoir,
which causes alternation of stream continjdgj.

The Bott and ZatiSsky Creek are typical examples of streams
affected by the urban stream syndrome.

According to the requirement of the EU Water Framdw
Directive [10], the creeks do achieve neither a good chensiedls,
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nor a good ecological status. Both of the creeksbeacharacterized
as heavily affected by urban drainage.

5 URBAN STREAM SYNDROM AND NEW
TRENDS IN WATER MANAGEMENT

Urban streams have the potential to provide precioatural
resources to humans who live near thH&3]. In many cities of the
world this potential is far from fully realized, ¢muse most urban
developments have involved transforming streame uhtains or
sewers. The primary goal of the urban waterway mement for
most of the 28 century was protection of humans from floods and
diseases. Although this goal must remain the fipsiority,
traditional approaches to waterway management &dolip health
and safety have been at the expenses of the otads, gsuch as
public amenity and ecosystem hed#B]. New approaches in urban
design and waterway management show great potémtiathieving
all public safety and amenity goals, together wjtials of improved
ecological conditions in streams of many urban s[2].

Restoration of waterways has become an importahtofothe water
management during the last decade, and it remainsiat for
improvement of ecological conditions of streamsstBeation of
waterways is not a new tool in water managemet;aghproach to
restoration and the understanding of the waterwiyistioning with
positive effects on the restoration are howeveowative elements.
The first step of restoration is a clear identifica of the target state
of the stream/river which should be achieved, dreldecond step
includes the identification of control indicator€urrently, these
indicators are mostly parameters indicating thdityuaf the aquatic
biota, e.g. biodiversity and abundance. In therfytthe parameters
should indicate the function of the aquatic ecasystsuch as gross
primary production, respiration of the communitic. §17].

The restoration measures leading to the improvenantthe
ecological status are short term and long term. giteeip of short
term measures includes embankment, planting of hagetation,
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pollution source control, fish pass, and constarctof remedial
measures directly in the stream channel, but disoend-of-pipe
strategy measures such as retention and deterdgg®rvoirs. The
short term measures provide solution for acute Iprob typical for
urban streams channels, but they do not result nereasing
biological diversity of the aquatic community ansually they are
not sustainable in the long term perspective. Timesasures do not
respect the catchments processes, and are aldy Heyhanding on
continuous maintenance and may become financialcceptable.
The long term measures do respect catchment pexassheir real
scale and therefore are self-maintained. The larg) tmeasures
include changes in land use, creation of bufferezoalong the
streams, restoration of hydrological conditions nfiliration of
stormwater, decrease of effective imperviousnasabilitation of
bank vegetation and support of its natural zonatind restoration
of the connection between flood plain and the strehanne[4].
Number of paperqd16][17][19][33][40] had identified the basic
problem of urban streams restorations, but manjiestuare based on
knowledge an experiences obtained in restoratiowatkerways in
rural areas, where the stressors affecting thearsseand the
responses of the aquatic ecosystems are diffdvirst of the earlier
studies focused on long term results of restoratiere conducted on
streams affected by mining activity or discharge¢oxdc substances.
The applicability of such results to the urban atne restoration is
very limited.

Presently, the chemical and toxicological effeatsveaterways are
minimized by high requirements on waste water tneat efficiency
and construction and operation of sewer system.cbhetruction of
sewer system prefers separated sewer or, in casadfine sewers,
reconstruction of combine sewer overflows to mamteinimal
impact of the overflows water on the recipient. Therent pollution
control address dominantly the source, therefaearhin goal of the
urban streams restoration is not the eliminatiochemical impact,
but successful management of streams affected pytiof big
volume of storm water from the sewer system duentweasing
impervious areas. The changes in impervious swsfaoethe driving
factor affecting streams in urban areas and caudéggadation of
the waterways. Numerous studig4][17][40][49][48][49] had
proved that stormwater is a main negative factdectihg urban
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creeks, and they also showed that restorationcal kcale focused
on increasing diversity of habitats typically doeet bring the
anticipated improvement of the biodiversity. Reatimn of the
waterways focused on removal of primary causatamated in the
catchment provides better resuit§[40][48][49]. A combination of
applied measures in catchments together with rétainn of the
channels and bank areas is more successful anciralse.
Although the importance of the catchment proce$sesestoration
is well known, it is still neglected. This margirzation leads to the
overuse of end —of- pipe -strategies for stormwat@nagement.
These strategies apply measures such as retesgolimentation
reservoirs, ponds and artificial wetlands directtythe waterway or
sewer system. Application of these measures isnofearied out
without good understanding of the basic processeswvden
hydrological changes and biota (hydraulic stress fmota,
periodicity of flood occurrence, periodicity of puthnts load, etc.).
In many cases, application of these measures azhig@\wecrease of
the maximal flow and a transformation of the floptb], but the
stress for biota did not decrease. The end- ok-pifrategies do not
preserve the natural periodicity of floods, anti@ligh they maintain
a lower runoff during the rain event, they do ndtamge the
anthropogenic induced periodicity of flopi7][49].

The restoration of Zatis&sky creek from™@f 20 century is an
example where measures were focused on stabilizatio the
channel without any understanding of the reasonthefextreme
erosion. Today, the creek is characterized by heégkl of erosion
(Fig 6), which avoids development of any diversiflg@ota. In such a
case, it would be more efficient to apply measur@scontrol
hydrological conditions in the stream - decreagedimount of water
entering the creek from storm water drains and &eafecrease the
erosion potentigl23] through retention or infiltration of storm veat
in the catchment.
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Habitats of urban creeks are often simplified bghtécal measures
leading to improvement of hydraulic operation oé tthannel and
flood prevention. Some authors [1][47] recommend disst step of
waterway restoration to decrease the effective impes areas.
Instead of direct drainage of storm water to créeky propose
retention and local use of the storm. Applicatidnsoch measures
may be followed by rehabilitation of the creek chelnleading to a
greater diversification of habitats.

Remediation of stormwater impacts can be most \lilkathieved

through widespread application of innovative apphes to drainage
design. A critical factor in restoration and consgion of urban
streams and their catchments is the human populHtjp suggesting
that an effective management of these streamgeyjllire a broader
perspective beyond the traditional stream ecolddys perspective
includes social, economic, and political dimensiptg.

The restoration of urban streams cannot returnstieams back to
the natural status, but it should ensure the ragoweé the basic
functions of the ecosystem. It is therefore neagssa define and
acceptable status of the particular waterway, mgetiie needs of
the local community and the aquatic ecosystem. infileence of

local community on the restoration seems to bengyoitant social
aspect. Schauman and Salisbury [40] proved thatilyemodified

urban creeks have negative effect on local inhatstaThe study
also showed, that a waterway restoration whichoisim agreement
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with requirements of the local community is not determ
sustainable.

6 CONCLUSIONS

Urban streams are essential part of urban lifedewtrve sufficient
attention. We should no more think about them asma of waste
and storm water drainage, but instead we needderatand them as
integral part of the urban environment. With thepect to decades
of deterioration of urban waterways” ecologicakugait is a long
way to bring waterways to conditions allowing these as place for
recreation. Restoration is the only way to achigweed ecological
status of the waterways. It is necessary to uraiedsthat restoration
of urban creeks needs to follow different rulesntmastoration of
creeks in rural areas. Restoration of channelsrb&m creeks and
rehabilitation of physical habitats for aquatic taiavill not provide
the expected increase of biodiversity, if the reafw its lowering
was different from depression of habitats compleaitd uniformity.
In most cases the real reasons of bad ecologiefisstof urban
streams are floods induced by runoff from impersicurfaces due
to progressing urbanization. The possible solut®rto decrease
effective imperviousness and application of measurereasing
retention and later local use of the water. Finalhe restoration of
urban creek is not possible without good understandand
communication between engineers, architects, cignner and
natural scientists.
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University in Prague

2007 — to present- Associate professor DepartmeSaaitary
and Ecological Engineering, Faculty of Civil Engenieg,
Czech Technical University in Prague

Teaching experiences:

1997-1998-Teaching assistant in aquatic chemistsyitute for

Environmental Studies, Faculty of Science, Chadesversity,

Prague

2000 to present- Teacher for undergraduate lectuwts
Environmental Toxicology, Ecology of urban waterdhe
Chemistry- Faculty of Civil Engineering, Czech Teial

University in Prague

2010 to present — Ecology of urban areas - Institfdr

Environmental Studies, Faculty of Science, Chadesversity,

Prague

Introducing a new subject —Ecotoxicology and Ecglofurban

watersheds

International experience:

1993- short term scholarship University Hamburgr(@any)
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1998-1999 scholarship from .Eidgendssiche
Stipendienkommission  fur  Auslandische  Studierende*,
EAWAG/ETH Switzerland

2000-sholarship from Soroptimist Foundation to ipgrate in
International Program of Tahoe Baikal Institute, AJ%nd
Russia

2001, 2002 -postdoctoral scholarship UniversityGalifornia,
Davis, USA

2004 - University of Newcastle upon Tyne (UK) — itung
researcher

2005-2006 — University of Canberra, Cooperative gaesh
Center for Freshwater Ecology (Australia)

Areas of interest

2000- present
0 Syndrome of urban streams- effect of urban
drainage on ecological status of urban creeks —
sustainable restoration, assessment of ecological
status, proposal of measures
o0 Fate of toxic metals in aquatic ecosystems
1998-1999 Microbial decomposition Bhragmites australis
1996-to date Fate of heavy metals in river sedimgf®hD
thesis)
1995-1996 Interaction of nutrients and toxic substs and
their effect on aquatic organisms
1990-1995 Eutrophication of surface waters, paaity with
respect to drinking water reservoirs (Diploma ibes

Publications activity:

Author or co-author over 100 research publicatioB chapters
in international book, 8 in impact journals, 23 ioternational
conferences, 13 in Czech journals, 63 on Czechecentes

79 international citation on Web of Knowledge

1 university mimeographed

Reviewer activity:

Review for grant agencies: Czech grant agency {BAand
Grant agency of Academy of Science (AR)
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Review for journals: Water Quality Research Jounialanada,
Journal of Environmental Science and Health, Jdumfa
Hazardous Materials, Environmental Science & Tetdmo,
International Journal of Sociology and Anthropolpgy
Environmental Monitoring and Assessment, Ecotoxiggl

Scientific education

6 Ph.D. students (2 successfully defended thegighe

12 diploma students (10 successfully defended)

1 diploma student winner of the Czech-Slovak Sttiden
Competition (SV@ -2011)

Other activity

Member of Ph.D. committee Faculty of Civil Enginegr CUT
Authorized expert in the field of water managemepiciality
protection of water bodies, assessment of ecolbgisk and
impact on water bodies and aquatic ecosystems
Member of IWA
Member of CZWA
Member of editorial board

0o The Open Environmental and Biological

Monitoring Journal
0 Listy CZWA
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