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THE IMPACT OF HYDROMETEOROLOGICAL EVENTS
ON THE STATE OF THE URBAN RIVER QUALITY
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NA STAN JAKO SCIOWY RZEKI MIEJSKIEJ

Abstract: One of the aims of this paper was to study catchhraad watercourse response to extreme events.
The study area consisted of Orunski Stream in tréharn Polish city of Gdansk. The study period/iige of
cartographic materials) covered the years 190®0® 2while field research covered the period froryN009 to
April 2010. In addition, measurements were perfatre study the dynamics of changes occurring inctieek
during rainfall events. Examination of the wateewtistry changes made two days before heavy raistfialived
a significant increase in sulphates and nitrogempzmunds. Additionally, pollutants washed from thasib
contributed to a significant deterioration in thater colour. A rainfall of 1.3 mm caused an elef@d-increase
in stream flow, a twofold increase in the waterelewand a fourfold increase in the velocity of watelecules.
It might appear seem that such a small amount iofalawould have no major effect on the hydrologind
hydrochemical parameters of a small creek. Howeavés, the maximum flow rate that is an importaatiable
when assessing potential flood risk levels.

Keywords: weather conditions, extreme events, precipitatiater quality, river transportation

Introduction

The effect of intense urbanisation on the naturalirenment is one of the most
important problems of the modern civilisation. Umbareas significantly alter the
hydrologic cycle and affect the quantity and qyatf water. Changes in water quality,
leading to its limited usefulness, have becomeohlpm for many regions, especially those
highly industrialised and urbanised [1]. This igtmalarly visible in the era of climate
change and its implications for the volume andrnisiy of precipitation, followed by
changes in biological and geographical conditiomduding the hydrological ones [2]. Do
not forget also about the impact on the man himeéifch may cause flooding [3] or water
deficit [4] in the city area. The need for efficieamanagement of water resources in urban
areas is now more urgent than ever, taking int@attcpopulation growth and increased
needs for reliability under the conditions of climahange [5].
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Cities, which are the centres of anthropogenic sfiacmmation of the natural
environment, exert a strong impact on the quargitg quality of the water circulating
within their borders [6]. A decisive role here ilyed by the impact of surface runoff
washing away contaminants from the surface of udraas [7], which then quickly and
easily reach the river system via the storm wataindge systems [8]. Urban watercourses
are often canalised and included in closed systasmghat the ability of their water to
self-purify is very limited. The result is a rapéditrophication of surface water and the
deterioration of its quality.
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Fig. 1. Hydrography and location of gauging stagionthe catchment of the Orunski Stream

Watercourses in urban areas are generally strotrglysformed: riverbeds show
changed hydromorphic characteristics while watemshchanged physical, chemical and
biological properties. The outflow within an artifil hydro infrastructure with a forced
drainage network is in fact largely dependent orresme weather conditions [9].
A characteristic feature of such a catchment ruisofépid reaching maximum flow, which
is an almost immediate response to heavy rainfaidpid thaw [10]. In urban areas, heavy
rain flow often brings local or extensive floodshiah is well illustrated by the flood which
occurred in Gdansk in 2001. As a result of heawyfali in July 2001 the Radunia Canal
could not take the water flowing from the moraihilis so it breached and flooded the city
districts on its right bank. As a result of thignfall, the flood water of the Siedlecki Stream
flooded the train station and main streets of tityy @s a result of the overflow of the
Srebrzysko Reservoir its main dam breached and ainthe major thoroughfares of
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Gdansk, connecting the city to the airport, wasdled [11]. It is therefore important that

currently the principles of sustainable developmaneat applied in urban areas so that the
civilisation and urbanisation progress does notidate over the environmental needs of
the city [12]. As a consequence, efforts shouldriagle so as not to disturb the conditions
of the abiotic environment, as this could causdrenmental disasters and extreme events.

The study hypothesized that cities, which are arefasighly anthropogenically
changed environment, exert a strong impact on tlaatity and quality of water circulating
within their borders.

Hydrographic system of the Orunski Stream catchndeaihs the eastern edge of the
Kashubian Lake District and is part of a larger fogglaphic unit, i.e. the basin of the
Radunia Canal. The catchment of the Orunski Streermpies 16.5 kfmand is located in
the urban area of the Poludnie District, one offtstest growing districts of Gdansk, with
the greatest spatial potential for new housing. Wiaa been observed over the last decade
is a highly progressive pressure of the growing eitidenced by a very rapid emergence of
new residential areas and large commercial andcgecempanies.
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Fig. 2. Hydrographical network of the Orunski Simea

The Orunski Stream is the largest tributary of Redunia Canal. The Canal and its
tributaries create a network of surface drainaggntpwater from the morainic plateau to
the east. The river network of the Orunski Streanasymmetrical and relatively poorly
developed (river network density is 1.58 kmfxmThe dominant are the right-bank
tributaries. The longest tributaries are: KowalSkieam (3.63 km) and Kozacki Stream
(1.49 km). The longest left-bank tributary is thea8ulski Stream (1.14 km).The length of
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the Orunski Stream is 7.03 km (Fig. 1). The falighe catchment range from 0.07 to 2 %,
and the average fall is 1.47 %.

Almost 67 % of the catchment area of the Orunske&h is actively involved
in feeding watercourses, while the rest of the areaendorheic basins not taking part in the
surface drainage system. These are mainly endoewaipotranspiration areas (3.57 %m
which occupy 21.6 % of the catchment area; thepaaicfor almost 65 % of all endorheic
areas. In contrast, the endorheic absorbent ark88 knf) represent 11.7 % of the
analyzed catchment, and 35 % of all endorheic gf&gs?2).

After the flood of 9 July 2001 in Gdansk, the hydiastructures were modernised and
the structures on the banks of the Orunski Stremerbed were improved to better and
even the runoff. This was done along a stretchd@0lmeters using fascines to protect the
watercourse slope and stone mattresses to proecidpes at culverts and stone barrages
(Fig. 3). Due to a high risk of erosion the moutiighe retention reservoirs were secured
by heavy embankments composed of vegetation swliers. At the outlet of the water
from the storage reservoir Swietokrzyska 2 therbigd was paved and lined with coco
mats and stone mattress. An important aspect wascdmstruction of two retention
reservoirs - Swietokrzyska 1 and Swietokrzyskaig. (#).
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Fig. 3. Orunski Stream - stone water stairs (phiot®ietruszyiski)

One of the rapidly enlarging districts of GdanskPisludnie. This district has the
greatest spatial potential for new housing. It $aR8.4 krfi (14.8 % of the area of Gdansk)
and is inhabited by 67 000 people. The areas ddruitbvestment occupy 36.3 % of the
district's surface area, farmland 8.6 % and for€s%. Within the limits of the district
area surface water occupies 2 % and the numbaeaitisting reservoirs of various origins
is 92. The main natural surface drainage systetheoflistrict is the Orunski Stream.
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Fig. 5. Anthropopressure in the catchment of thenGki Stream in 2016

To present the temporal changes taking place inn§ldathe state of the Orunski
Stream catchment in 1908, 2000 and 2016 was cowhpae the beginning of the
20" century the settlement network in the area wadlsthare were several small villages
and an insignificant length of the paved roads. fbiflewing years saw little change of the
settlement network and its negligible impact oneéhgironment. More important events in
the study area included the construction of a wdisigosal plant with the transformation of
the hydrographic network as well as the constractibthe Tri-City ring road crossing the
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catchment area. Since 2000, a strong progressessyre of the Gdansk sprawl can be
noted on the north-east side of the city, i.e.mdraevelopment of new housing estates and
large service and industrial companies. In 2018hé&r development of housing estates was
noticed. Also, the development of the flood prdtecsystem has been noted. At that time,
several retention reservoirs were built (Fig. 5).

Methods

The analysis of the measurement material was tlsés ar the evaluation of the
influences of urbanisation (landfill, ring roadjmaater collectors) on the water quality of
the Orunski Stream in different hydrological seasas well as the evaluation of how the
brook catchment responds to extreme water sup@ywhether after heavy rain a larger
amount contaminants and biogenic substance issezlga the watercourse.

The changes in the water quality were determinedthan basis of a series of
measurements of the physical and chemical parasnefdhe studied watercourses. Water
samples for the analysis were collected every mbetiveen May 2009 and April 2010.
In addition to regular, monthly measurements ofgitnrchemical properties of water, two
additional fieldtrips in the area were conductedider to investigate the reaction of the
brook and its catchment to the rain phenomena. fifsevisit to the area took place on
12 June 2009. It was preceded by two days of ttalerainfall. Another field visit took
place on 31 May 2010. In this case, experimentalsuements were conducted to observe
the dynamics of changes occurring in the brookrdurainfall.

At the same time, other measurements were condutiedow of the Orunski Stream
and its tributaries as well as the water propersash as temperature, conductivity, pH and
oxygen saturation, measurigdsitu.

The pH measurements were performed using a HatgjeLamultiparameter meter
HQ30D with a gel pH gel electrode, while the meament of electrolytic conductivity and
water oxygen saturation were performed with a mpatmeter meter HQ40D HatchLange
with a conductometric vessel and LDO oxygen elelgrimstalled.

Chemical analyses of the water samples collectetierfield were performed in the
hydrochemical laboratory of the Hydrology Departte@eography Institute of the
University of Gdansk. The location of the measurneinsges are shown in Figure 1.

The concentrations of total nitrogen, nitratestitei$ and sulphates were determined
with the colorimetric method using the spectrophwter PhotoLab Spektra by WTW.
The measurement of colour was performed using tharimeter PFXi 195 by Tintometer
Lovibond.

During the field work on 31 May 2010 a portable thea station Vantage Pro 2 by
DAVIS was installed in the study area to measueevitiume of rainfall. In the watercourse
a measurement set by Teledyne was installed foordéw extreme phenomena. The
equipment recorded the following parameters: wiztez| (state), water molecules velocity
and flow rate. In addition, water temperature waasured. Additionally, a multiparameter
meter YSI Professional Plus was used to measurebds& water parameters, such as
dissolved oxygen, electrolytic conductivity, saynipH and water temperature.

The meteorological data were obtained from the raat@ station of the Armaag
Foundation located within the Orunski Stream catehinarea in Szadolki.
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Results

The annual rainfall in the analyzed year was 479. uring the year the highest
monthly precipitation was recorded from May to &n The highest average precipitation
was recorded in October (109 mm), while the loweshfall was recorded in April
(1.0 mm).

The first study visit, which took place on 12 JW2@09, as already mentioned, was
preceded by two days of torrential rainfall. OnJithe the average daily total rainfall was
11.2 mm, and on 11 June, the daily rainfall was$s m. An additional study was to
investigate the possible chemical changes in therwa

The laboratory results showed a significant inceeiasthe sulphate concentrations in
the water at all gauging sites (Fig. 6). Sulpharesconsidered as anthropogenic substances
which get into the water from eluting sedimentangks, soil leaching and oxidation of
sulphides and sulphur, which are the products ofegn disintegration derived from plants.
Rainwater can also be a source of sulphates.
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Fig. 6. Seasonal changes in the concentrationsilphates in the individual measurement and control
stations after heavy rainfall (1, 2, 3, 4 measurgmeints - see Fig. 1)

In the case of the tributaries of the retentioreresir Swietokrzyska 1 (profiles 1 and
2), the increase in the concentrations of sulphvwdes significant, and amounted from 79 to
146 mg dm® at the station 1 and from 60 to 119 mg dmt the station 2. In the
measurement profile 3 the increase compared tontkasurement of 30 May was
insignificant and was 72 to 81 mg dinwhile in the measurement profile 4 the increase
was from 80 to 106 mg drh In the profiles 3 and 4 the accumulation of caonions in
the reservoirs, across which they flew, might hiaappened.

After substantial rainfall an increase in the rggo compounds: nitrites, nitrates and
total nitrogen was also marked (Fig. 7). The inseem the concentrations of nitrite and
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nitrate usually indicates water pollution. This mbhg due to inflow of wastewater
containing large amounts of nitrogen compounds.

The highest increase in the concentration of sede@rms of nitrogen after rainfall
was recorded in the second measurement statioer #i¢ rain the concentration of nitrite
increased from 0.049 to 0.191 mg - ArB90 %); it was also the highest recorded
concentration of nitrite in the entire study peridthiere was also a very significant increase
in the concentration of nitrates at that statios, the change from 2.1 to 7.8 mg-dm
(371 %). Again, it was also the highest recordeduesaduring the entire period
of the study. The total nitrogen concentration éased over twofold (218 %) from
1.06 to 2.31 mg-dm
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Fig. 7. Seasonal changes in the concentrationgrofjen compounds at the station 2 after heavyfalin
a) nitrites, b) nitrates, c) total nitrogen

By washing out stable, mineral or organic contamisdrom the surface, which later
enter the watercourse, heavy rainfall changes titerveolour. The supply of contaminants
or organic waste (leaves, wood and products deffinged their decomposition), contributes
to the deterioration of the organoleptic water gmes. Such phenomenon is also
catchment structure. The colour parameter of thiemiacreased over twofold (224 %)
from 29.9 to 67 mg Pt-drh

Another study visit took place on 31 May 2010. hmtt case, the experimental
measurements were designed to observe the dynaanges in the stream during rainfall.

The Kozacki Stream, the main tributary of the OkinStream, was selected as
a research plot. The measurement site was located eouth of the brook to the retention
reservoir Swietokrzyska 1. The measurement of #rarpeters started before the rain, and
was continued during and after the rain. The lemdtthe Kozacki Stream is 1.49 km, and
the direct watercourse catchment is only 1.03.ased on the collected data and charts,
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which show the variation in the intensity of a givearameter, the following conclusions

have been drawn:

e The watercourse reaction to rainfall was immedisteasurement intervals were set up
every 5 minutes. During the very interval in whtbtle rainfall began, a violent reaction
of other measured parameters occurred. A correl@idm be observed between all the
measured hydrological parameters.

* The beginning of the reaction of the examined iattics was at 22:10 when a sharp
increase in the measured parameters starts; asatime time, the beginning of the
rainfall was recorded (0.2 mm). A 5-minute delayéfation to the maximum rainfall
was noted in the recorded maximum values of the sflaw rate and water velocity.
The first rainfall wave of 1.3 mm caused a twofoidrease in the water level (from

the initial state before the rain of 8.5 to 16.5 atrthe time of the rain culmination), and

more importantly, a nearly eleven fold increasehia flow rate from an initial volume of

0.01 m - S before the rain to 0.106 m ~*#mmediately after the rain culmination (Fig. 8).

Also, the water velocity increased significantlyefBre the rainfall the water velocity

values ranged between 0.1 and 0.170 i, -wile at the rain culmination it increased to

0.604 m - ¢ which gives approx. a fourfold increase in the watelocity (Fig. 8).

Although the precipitation was measured at the oreasent point, it can be assumed that

it corresponds to the size of the precipitatiothim basin due to its small area.
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Analysing the results of the variability of the exaed physical and chemical
properties of water, what can also be observecaéscorrelation between atmospheric
rainfall and other parameters. In the case of th@megerties, reaction to rainfall was
immediate. The sampling interval was set at 3 neiswfter the first wave of rainfall there
was a sharp increase in electrolytic conductivgfore the rain the water conductivity
ranged between 427 and 436 pS “chmmediately after the rainfall its twofold incisssa
was recorded, reaching 891 pS -“tat the culmination point. Such a rapid conductivity
increase was most likely caused by mineral contaminwashed out from the surface by
the rain and delivered to the watercourse. At erlatage, a decrease in conductivity down
to the value lower than in the initial phase of shady (before rainfall) can be noticed. This
is a result of dilution of the water by rainfallh@ value of salinity changes in the same
way. A twofold increase in salinity was recordedmiadiately after the rainfall. In the
initial phase, prior to the rain, the salinity raxdgoetween 0.23-0.25 ppt; immediately after
the rain it increased to 0.5 ppt. As in the caseasfductivity, in a further stage this value
decreased to a level lower than in the initial phafsthe study (Fig. 9).
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The water temperature graph is also interestinghWhe onset of rain, the water
temperature rose slightly followed by a rapid deseeby 1.8 °C. The initial temperature
rise was most likely caused by slight heating ef atmospheric water by contact with the
heated substrate. Next there was a cooling phatdeedfubstrate and the stream was only
reached by cooler water from the rainfall. Iniyyallthe delivery of rainfall to the
watercourse also resulted in a slight decreaskemiater pH. Rainfall usually shows a pH
of 5.7, which is due to the presence of carbonid pooduced by KD reaction with C@
found in the atmospheric air.

Discussion

The projected changes in the air temperature anfhlavolume may affect the flow
rates of rivers, and thus exert impact on the nitgkaind dilution of contaminants. In turn,
the increase in the water temperature can affeckitmetics of chemical reactions and - in
conjunction with poor quality of water their ecolcg status. Numerous scenarios of
climate change suggest an increased incidenceoofgtit during the summer months and
a rapid growth of urban floods (flash-floods), whican lead to uncontrolled discharges of
pollutants from urban areas to the recipient steamthe area. A good example is the
catchment of the Orunski Stream, where in 2001 weduflood city. Then there has been
contamination of large areas of the city Gdansle $torms a form of extreme phenomena
that end periods of drought will cause the outflovnutrients from urban areas and
generate patches of acidification of surface wated$. Do not forget about the pollution
generated directly by man, even the increase iorickd concentrations in rivers resulting
from the salting of roads in winter or through theflow of industrial or living
pollution [14].

Urban watercourses are some kind of poor qualigrdmylic systems which quickly
respond to external factors, e.g. rainfall; thimsuthem into potential threats. An example
confirming the threat may be the study of Old et[&b], who performed a study in the
entire catchment of strongly urbanised BradfordMast Yorkshire (NE England). Heavy
rain which occurred in the centre of Bradford imd®2001 resulted in a sharp increase in
the flow rate. In just 15 minutes it increased from5 to 34.6 rhs’, while the volume of
suspended matter increased from 14 to 1360 mg: dinis resulted in the deterioration of
the quality of the river and a risk of flooding. good example of increased pollution in
urban areas is the research by Ahn et al. [16].0Ating to the authors, the increase of
water pollution in urban areas may be multifold casnpared to the quality of natural
waters. Field studies conducted for the Santa AimarRwhich drains a large city gorge in
Southern California, confirmed the increase of yt@h in urban waters in relation to the
natural ones, an example of which may be the amofufatecal bacteria in the river, which
was 500 % higher than in the water of the ocealnshat

Against this background, specific urban areastawee located in the zone of influence
of the sea. This specificity is based on a consteind from the sea (breeze), which
increases air circulation dynamics and humidity.n€amuently, this leads to possible
increase in the number of rainy days, includingesre rainfall, and increased wash out of
pollutants in urban areas [17]. It is very impotiaas the analysed watercourse (Orunski
Stream) is in zone of direct impact of a marineihase. the Baltic Sea. Also important to
the growth of pollution in the river may be the ofieals deposited in the sediments and
released in case of weather changes bringing isedeaater flows [18]. Moreover, there is
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the phenomenon of re-suspension, which is relatesitd conditions. What is important,
some rivers flow through reservoirs, whose roléhimmaccumulation of pollutants is visible.
The examples include the studies for the Orungiga®h conducted by Pietruszynski et al.
[19], who found that the periodic accumulation atgposition of biogenic compounds at
the level of several to more than 300 % of the leadplied to the reservoirs it possible.
The consequence of this type of accumulation, ptessn the case of the corresponding
hydro-meteorological conditions (e.g. at the tini@xtreme events), is a rapid discharge of
pollutants deposited in the river, thereby temptyrarorsening its quality. As a result,
apart from the increased concentration of spectiemical compounds, e.g. biogenic, there
is also strong turbidity. It is especially visibfeextreme situations, such as heavy rains and
storms.

One of the main factors determining the growtleaitamination of the water flowing
into the receiver, which is a river, is the lang urs the catchment [20]. Arable land as well
as waste land and anthropogenic structures aren#tie sources of pollution of the river
through leaching of chemical compounds. It increakeing the rainfall periods, regardless
of their intensity. According to Bindi and Olese?ll] to the intensification of agriculture
may increase climate change, and therefore chaingegather conditions, shortages of
water resources and qualitative changes. This adpeitnportant for Oraski Stream,
because in the basin are considerable amountsablealand. The quality of the river can
also be affected by pollution from the atmosph@&j.[

According to Zolch et al. [23] the volume of poluts in a river basin is significantly
correlated not only with the participation of dey@d land in the catchment area, but most
of all with impermeable surfaces, which includeidestial buildings, roads, sidewalks and
parking lots. According to Fraga et al. [24] undansling of the features of pollution on
impervious surfaces is necessary to estimate piepaf the pollution runoff from the city.
The data obtained in studying them indicate thdtutamts accumulated in the streets
during dry periods are released quickly in timesraiffall and discharged into surface
water receivers, but after a few days they slowrdand get redistributed.

Finally, it must be said that it is important tlaetor of social acceptance in solving the
problems related to water and its supply in urbaas [25]. The development of the city
must take place in the aspect of sustainable dpredat, so as to meet human needs, but
not at the cost of environmental damage [26].

Conclusions

One of the objectives of this work was to study ttechment and watercourse
response to extreme events. Examination of thervedtemistry changes made two days
before heavy rainfall showed a significant increassulphates and nitrogen compounds.
Additionally, pollutants washed from the basin cimtted to a significant deterioration in
the water colour. What is also interesting are tbsults showing the reaction of the
watercourse to extreme events. The rainfall o3 caused an elevenfold increase of the
flow, a twofold increase of the water level andoarfold increase in the velocity of the
water molecules. Moreover, there was than twofotaldase in salinity, and conductivity of
the water was also recorded during the rainfalinight seem that such a small amount of
rainfall has no significant effect on the hydroleagiand hydrochemical parameters. It turns
out, however, that the maximum flow rates is andrtgnt variable when assessing the
potential risks that can occur during hydrologittakat in a small urban catchment due to
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flood. In addition, it can be seen that even smaaiifall can significantly impact the change
of the physico-chemical properties of water.
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