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ABSTRACT

The main purpose of the paper was to identify day-and-night variations of the selected physico-chemical
water characteristics (discharge, electrical conductivity, temperature, pH and dissolved oxygen) of a small
urban river that had been heavily transformed by human activity (Sokotowka river catchment with the area of
7.71 km?). The data came from measurements conducted in the period between 4 October 2011 and 3 October
2012, using the YSI 6920 V2 (multi-parameter probe) and ISCO 2050 (automatic current meter), in 15- and
10-minute intervals, respectively. The research has proven the existence of rhythms of diurnal and seasonal
variability to the selected water characteristics. The variability of the hourly values of the tested characteristics
in particular days depends to a large extent on the value of the analysed feature itself. The variability coeffi-
cients of discharge and conductivity increase with the increase in the values thereof. For dissolved oxygen, pH,
and water temperature, the variability coefficients decrease with the increase in the values thereof. In the case
of water pH, its conductivity, and temperature, the correlations between the given feature and its variability
observed at different times of day are not linear, but they run along loops of varying curvature. The average
day-and-night variability of the Sokotéwka river’s SEC and pH was significantly changed as a result of human
impact. The maximum readings of the conductivity and the pH shifted to the morning hours, with no change
to the minimum readings.

Keywords: water quality, physicochemical characteristics of waters, diurnal variations, anthropogenic pressure,
urban hydrology, Poland

INTRODUCTION

Surface waters are among those links in the water cir-
culation system, which are the most vulnerable to an-
thropogenic pressure. This impact is felt particularly
strongly in the case of small urban streams, in which
the pressure of human activity is significant, whereas
the buffer properties of the river are negligible. Often
the physicochemical characteristics of the waters in
these watercourses are distinguished by the existence of
non-natural diurnal rhythms (for instance, the so-called

social cycle) and seasonal rhythms (related to, inter alia,
winter road maintenance) (Halliday et al. 2012).

Until now, series of short-term measurements
of physicochemical characteristics of water in small
watercourses have until rarely been the subject of re-
searchers’ interest, mainly due to the difficulty in ob-
taining them (the technical aspect) and in their inter-
pretation (internal correlation between the sequence
elements). The most frequently analysed sequences
of this type were registered only during the passing
of flood waves (Poor, McDonnell 2007; Ciupa, Suli-
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gowski 2014) or for very short periods of time (Zi-
utkiewicz et al. 2016). The majority of researchers
who have studied this issue note that as the flow rate
increases, the water mineralization in the watercourse
decreases due to the dilution of groundwater with less
mineralized surface and groundwater runoff (Edwards
1973; Froehlich 1975; Walling, Foster 1975; Foster
1978; Bhangu, Whitfield 1997; Kostrzewski et al.
1992; Siwek 2001; Chmiel et al. 2009; Siwek 2012).
Other factors affecting the changes in physicochemical
parameters of water in these periods include: the na-
ture of the drainage area (urban, karst, mountain, etc.)
(Ciupa 2009), the period (season of the year) when the
water surges are formed (Suzuki 1984 and 2003), the
length of the period in-between the water surges (Pifiol
et al. 1992), intensity of precipitation (Kostrzewski et
al. 1992), snow cover chemistry (Suzuki 1995), the
topographic and geological features of the catchment
together with its cover (Ciupa 2002; Ciupa 2009), as
well as the mechanism of water circulation (Bonell
1993). Especially noteworthy are the changes and
variability of the physicochemical characteristics of
river waters under particularly strong anthropogen-
ic pressure, notably in urbanized areas (Ciupa 2014;
Bartnik, Moniewski 2016). We consider urban areas to
be so strongly transformed that we usually do not pay
attention to certain regularities in the day-and-night
and seasonal course of their physicochemical proper-
ties (Hessen 1997; Bartnik, Moniewski 2015), focus-
ing only on long-term tendencies associated with the
changes in their quality (Gutry-Korycka 1993; Czaja
1999; Gutry-Korycka 2003; Bartnik 2017).

For a long time, it was thought that during the pe-
riods in-between the water surges, physicochemical
features of river waters undergo only slight changes,
therefore studies on capturing their dynamics were
carried out relatively seldom (Siwek 2012). The dif-
ficulties in obtaining high-resolution data over longer
periods of time, allowing for drawing general conclu-
sions, also were of some significance. The use of mul-
ti-parameter probes with recorders and the so-called
auto-samplers made it possible to deal with this par-
ticular problem. Therefore, it became possible to cap-
ture short-term changes in physicochemical character-
istics of the water that occur during the day, as well as
their course in different seasons of the year, even in a
small river within the city that is particularly variable
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in this respect. Among reports regarding the day-and-
night rthythm of water temperature in the catchments
of the lowland part of Poland, the study by Laszewski
deserves attention (2018). Soja (1973) conducted sim-
ilar research in mountainous areas, whereas Wiejacz-
ka (2007a) investigated the changes in this parameter
under the impact of the Klimkowka tank construction.
The latter author also described cases of changes in the
daily course of temperature during various interesting
hydro-meteorological phenomena (Wiejaczka 2007b).
Relatively, the researchers devoted the most attention
to daily changes of oxygen dissolved in water. Known
to the authors of the present paper are a dozen or so
works describing this phenomenon in both clean and
heavily polluted waters. Suffice it to list some of them:
Allan (1998), Wilcock et al. (1998), Young, Huryn
(1999), Kayombo et al. (2002), Wang et al. (2003), Ta-
desse et al. (2004), Garcia et al. (2006), Baulch et al.
(2012). Studies into the day-and-night fluctuations in
water reaction and their relationship with photosynthe-
sis and breathing of aquatic organisms have been con-
ducted by Bourg, Bertin (1996), Guash et al. (1998),
and Neal et al. (2002), among others. Relatively, the
least number of researchers describe the day-an-night
variation in electrolytic conductivity (Bourg, Bertin
1996, Barringer et al. 2008, Halliday et al. 2014).
Nevertheless, most of the above-mentioned studies
concern relatively short measurement periods, some-
times only 48 hours, rarely up to several months. There-
fore, the purpose of the present study was to identify
the day-and-night variability of selected physicochem-
ical characteristics of the water in the watercourse that
had been transformed as a result of human activity. The
one-year-long measurement period also made it possi-
ble to present seasonal variation of their course. This
issue seems important to the authors, due to the pos-
sibility of answering the question whether the diurnal
variability of the analysed characteristics is the same
in each season, or perhaps it changes with the seasons.

STUDY AREA AND RESEARCH METHODS
APPLIED

The research was conducted in the catchment of
Sokotdéwka, which is a small watercourse located al-
most entirely within the administrative boundaries of
1.6dz, in the northern part of that city (see: Figure 1A).
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Fig. 1. Location of the study area: A — in the region, B — within the L.6dZ city area; C — the catchment land cover (simplified).
1 —watershed of the first grade; 2 — watersheds of further grades; 3 —administrative borders of the city; 4 — Sokotéwka catch-
ment up to the Lewa cross-section; 5 — the measurement cross-section; 6 — water reservoirs; 7 — streams; 8 — streets. Land
cover: 9 — forest and bush areas; 10 — arable lands; 11 — meadows and grasslands; 12 — parks and gardens; 13 — cemeteries;
14 — water bodies; 15 — wetlands; 16 — wastelands and others; 17 — farm and residential structures; 18 — industrial and storage
areas; 19 — housing estates with blocks of flats; 20 — public transportation related areas.

Source: Developed based on MODGiK i MPHP10k.
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It is a watercourse of the third grade, which is the
second left-bank tributary of the Bzura river, with a
catchment area not exceeding 46 km? (Projekt gener-
alny...,2003). The Laboratory of Hydrology and Wa-
ter Management at the University of £0dZ has been
conducting research in this area since 2006. The pres-
ent article uses data recorded by automatic measuring
devices, installed in the gauge section at Lewa street
in L.6dz (see: Figure 1B). The sub-catchment enclosed
within this point (A = 7.71 km?) drains the area made
up mainly of boulder clay (till) separated by glacial
sands (Rozycki, Kluczynski 1966) with large slope
inclinations of the valley, especially in the lower part
of the analysed area (Bartnik 2017). Land coverage of
the area consists mostly of farming and residential de-
velopment, while in the northern part, there is a com-
pact forest complex of Lagiewniki (see: Figure 1C).
The Sokotowka catchment up to the Lewa cross-sec-
tion remains almost entirely within the rainwater sew-
age system that discharges rainwater with numerous
collectors directly to the riverbed (except for its up-
per part and the aforementioned forest complex). The
length of the main channel of the watercourse, with-
in the section with a constant water flow, is 3.15 km,
whereas its average drop is 4.43 %eo.

The data used in the present work were recorded
for the period of one year, starting from 4 October
2011, using a multi-parameter YSI 6920 V2 meas-
urement probe and an ISCO 2150 flowmeter. The fol-
lowing water features were taken into account: flow
rate (Q), electrolytic conductivity (SEC), acidity/
basicity (pH), water temperature (7)), and water oxy-
genation (O,). The probe was calibrated every month
(for a few hours in one day), and the observation
gaps thus created were supplemented with a “trend”.
This is a commonly used procedure to supplement
short-term data gaps in time series (Kondrashov, Ghil
2006). The use of the analogue method was not pos-
sible, because there do not yet exist time series of
the analysed variables that would be suitable for use
in this procedure. The measuring probe recorded the
results in 15-minute intervals, and the flowmeter — in
10-minute intervals. In the next step, raw measure-
ment data were averaged to hourly values (arithmetic
mean values of the measurements were calculated,
which were recorded within the hour following the
date to which the result was assigned — i.e. for ex-
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ample 1:00 p.m. was assigned the average from the
measurements of a given value registered by the de-
vices during the period between 1:00 p.m. and 1:50
p.m.). Based on such series, for each variable and
each given hour in the year, half-year, and month,
the following values were calculated: average, min-
imum, maximum and coefficient of variation. In the
case of pH reading, all source data were converted
first to hydrogen ion concentrations, and after calcu-
lating their characteristics, they were converted into
values expressed in the pH scale.

RESULTS AND DISCUSSION

Flow rate

The average annual flow of Sokotowka river in the
period from 4 October 2011 to 3 October 2012 was
0.021 m*- s! (Sqg = 2.72 dm® - s7! - km™). The aver-
age amount of water flowing throughout the day var-
ied cyclically (see: Figure 2A). The highest amount
was recorded in the afternoon (between 4:00 p.m. and
7:00 p.m.), when torrential rains were the most fre-
quent. The lowest flows were recorded in the morning
(at 9:00 a.m.), with average daily fluctuations of the
flow not exceeding 8% per year. With the increase of
the average daily flow rate, its variability increased
significantly (see: Figure 2B). This was an obvious
consequence of the more frequent emergence of fast
forms of outflow, and a much greater variability of the
flow rate at that time.

The times when hourly extremes of low, medi-
um and high flows occurred during the year were re-
corded at different hours (see: Figure 2A), whereas
the differences between them range from about three
hours in the case of maxima up to five, in the case
of minima. We should note that the hourly flow mini-
ma are characterized by a slightly different course of
day-and-night variation, whereas their extremes occur
earlier than those of the other characteristics. This is
due to the fact that their value is shaped only by the
outflow of underground origin. At the same time, with-
in the urbanized catchment, it is largely transformed
(due to drainage water, sewerage, depression funnel,
isolated watercourse, etc.). Studies conducted in the
rainfall-free period in farming areas have shown that
daily flow minima occur there in the morning hours
(Wondzell et al. 2007), and in the case of Sokolowka
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Fig. 2. Hourly variation characteristics of Sokotéwka river discharge in Lewa cross-section in the period between October
2011 and October 2012.

A —the mean, minimum and maximum annual day-and-night discharge within twenty-four hours (Qg); B — the mean annual dis-
charge in particular hours Q,) and its corresponding variation coefficient (C I)Qg); C — the differences between mean ¢ discharge
in particular hours (AQ) in the cool and warm half-years; D — the average monthly discharge in particular hours (Om,) and its
corresponding variation coefficient (Cung).

river, they occurred at night. The course of the hour-  where:
ly maximum annual flow rate during the day is the AX — difference of the mean value of the X parame-

effect of the overlap of the outflow coming from the ter recorded at the given hour, in the cool and

underground drainage and quick outflow forms. Inthe =~ warm half-years,

summer season, the highest rainfall occurs in the after- Xz, — the mean value of the X parameter recorded at

noon. In winter and spring seasons (during the thaw), =~ the given hour, in the cool half-year (XI-IV),

the largest amount of water reaches the riverbeds also Xz — the average diurnal value of the X parameter in

during these hours. In turn, reducing the outflow inthe =~ the cool half-year,

night hours is mainly the result of the lower intensity ~ X/, — the mean value of the X parameter recorded at

of both processes. __ the given hour, in the warm half-year (V-X),
Interesting conclusions can be drawn from the X/ — the average diurnal value of the X parameter in

analysis of the course of day-and-night differences be- the warm half-year.

tween deviations from the average flow rate recorded

at a specific hour in the cool (XI-1V) and warm (X—X) Positive differences indicate that in the cool half-

half-years — see: Figure 2C. They were calculated, for ~ year, at a given hour, greater deviations were recorded
all tested characteristics here designated as X, accord-  than during the whole day (the difference between the

ing to the following formula: deviations recorded at a specified time and the aver-
age of these deviations within 24 hours). If the result
AX = (/\z _E) _ (X_]g _Yz) (1) of formula 1 is negative, this means that deviations

(differentiation) of a given characteristic at a specific
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hour of the day exceeded the average deviations in the
warm period.

Between the hours of 4:00 and 10:00 a.m., the
flow rate of Sokolowka river in the warm half-year is
higher than the average for this period. This is proba-
bly due to the occurrence of minimum daily tempera-
tures just after sunrise (unless there is no advection
of air masses) and therefore the smallest water losses
from evaporation. This, in turn, translates into mi-
nor losses of water from the channel and flow water
reservoirs, as well as into higher flow rates. In the
cool half of the year, there may be periods in which
only at this time of the day temperatures are negative,
which does not allow for the melting of snow and
feeding the channel with fast forms of outflow. As a
result, flows in the morning hours may be lower than
average. Siwek (2012) arrived at similar conclusions
by examining the daily cycle of changes in various
parameters of water quality in agricultural and for-
est catchments located in the Carpathian Foothills.
Based on her research, she postulated that it is evapo-
transpiration that is the main process shaping the dai-
ly variability of their course. At this point, one should
also pay closer attention to the Sokolowka catchment
area presented herein. It is not quite a “typical urban
watercourse” (Bartnik 2017). Throughout the year,
the flow is maintained in its channel. Above the mea-
surement point, there is a cascade of flowing water
reservoirs, while in the valley of the watercourse it-
self, green areas dominate, such as parks, meadows,
and wasteland. Thus, its valley resembles suburban
(rural) areas, while the daily course of the outflow
variability is similar to the one recorded in quasi-nat-
ural areas.

The flow rate of Sokolowka in the cool half-year
at night is relatively higher than the averages calcu-
lated for the warm half-year (except from the period
between midnight and 1:00 am). During the rest of the
day (between 11:00 a.m. and 7:00 p.m.) one cannot
speak of a clear advantage of flows in any one half of
the year.

For each month, the average water flow rate at a
specific time was also calculated (in subsequent steps,
also the average values of the other analysed charac-
teristics). For particular hours, the coefficient of vari-
ation of the flow rate (or other parameters) was also
estimated according to the formula:
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Cv, =—= )

Cv X, coefficient of variation of the X parameter
value at a specific hour,

Ox, - standard deviation of the X parameter value

L recorded at a specific hour throughout the year,

X, - arithmetic mean of the X parameter value re-
corded at a specific hour throughout the year.

The covariance of the above-described variables in
individual months are presented in Figure 2D.

The biggest differences in the flow between indi-
vidual hours during the day occurred in February (the
effect of winter maintenance of streets) and in June
(due to torrential rains). The different genesis of the
outflow formation in these months leads to the situa-
tion where similar amounts of flow rate at a given time
are accompanied by a different level of their variabili-
ty. For the month of February, it is always smaller than
for the month of June, which can be explained by the
lower probability of torrential rain. On the other hand,
the autumn flows (X—XII) were not very variable,
with particular reference to November. The hydrolog-
ical situation in that month was very stable, whereas
the average hourly flows were always low and hard-
ly changeable. In the presented graph, this resulted in
an exceptional concentration of points representing
average hourly flows in this particular month. This is
another proof of the repeatedly formed belief that the
dynamics of river runoff in November tends to be low.

WATER TEMPERATURE

The average annual temperature of water in the
Sokotowka in the analysed period was 10.7°C. On
average, the maximum daily water temperatures oc-
curred at 4:00 p.m., whereas the minimum tempera-
tures were recorded in the morning (between 6:00 and
7:00 a.m.), which obviously refers to the daily vari-
ability of air temperature (see: Figure 3A). Similar dif-
ferences were also noted for other Polish lowland riv-
ers (Laszewski 2018). Unlike in the case of flow rates,
the day-and-night variability of the lowest, medium
and maximum temperatures differs significantly. We
should bear in mind that the data analysed come from
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the period of one year. Due to the fact that the water
temperature strongly depends on air temperature, the
course of the lowest and highest water temperatures
corresponds to the coldest and the hottest weather in-
cidents during this period. Therefore, it is possible to
experience the highest maximum temperature and the
lowest minimum water temperature at the same hour
(see: Figure 3A). Only the listing of extreme hourly
temperatures from a period of at least several years
would allow us to draw general conclusions about the
diurnal variability of these characteristics.

Unlike the case of flow rate, the variability of aver-
age hourly temperatures decreases with their increase
(see: Figure 3B). However, this correlation is not lin-
ear (running along the “loop” marked on the graph)
because the water heating and cooling conditions are
different (for instance, average water temperatures
measured throughout the year at 1:00 p.m. and 8:00
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p.m. are almost identical, however their series differ in
the coefficient of variation). The heating of river wa-
ter as a result of absorbing both shortwave radiation
(embedding the exposed riverbeds with concrete is
of great importance for urban rivers, usually carrying
small amounts of water; so is the presence of flow-
ing water reservoirs) and long-term radiation (in the
case of cities, the effect of a larger surface albedo may
be more pronounced than in quasi-natural areas) pro-
ceeds in a more stable manner than the process of its
radiation-based cooling. These differences may be ad-
ditionally intensified by the strong convective rainfall,
often occurring during the summer in the afternoons
(the temperature of top water after summer rains is
often diversified; in the first phase, it is marked by a
significant increase resulting from ‘washing away the
heat’ from heated streets, roofs and pavements, while
in the later phase, it is much lower than river waters).
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Fig. 3. Hourly variation characteristics of water temperature in Sokotdwka river, in the Lewa cross-section in the period

between October 2011 and October 2012.

A — the mean, minimum and maximum annual water temperature within twenty four hours (7 g); B — the mean annual water

temperature in particular hours (i) and the corresponding variation coefficient (Cv, ); C — the differences between mean
k4

water temperature in particular hours (E‘) in warm and cool half-years; D — the mean monthly water temperature in partic-

ular hours (Tm g) and its corresponding variation coefficient (Cung).
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The greatest variability of water temperature was ob-
served in late-night and early-morning hours, in the
period when there is lack of direct radiation inflow to
the surface of the earth and the maximum radiating of
the heat away from it.

The curve of daily water temperature in the warm
and cool half-years differs significantly (see: Figure
3C). This is influenced by the different weight of fac-
tors shaping air temperature (and hence also the water
temperature) in different seasons. In the warm season,
the supply of solar energy, affecting the much-high-
er-than-average daily water temperature in the after-
noon hours (from noon to 10:00 p.m.), is of dominant
importance for the formation of the daily water tem-
perature regime. During this time, the water heats up
from the air and from direct radiation. The shift of
higher temperatures up to 10:00 p.m. is the result of a
longer duration of insolation, and the accumulation of
thermal energy in the flow reservoirs above the control
cross-section (the impact of water reservoirs on the
temperature of river waters was described, inter alia,
by Wiejaczka, 2007a). During the night hours, the op-
posite happens. In winter season, it is at this time that
water temperatures are higher than the annual aver-
ages recorded at the particular time. Again, the larg-
est role in this process is played by water reservoirs
that maintain a relatively constant water temperature
throughout the day, reducing the amplitude of tem-
peratures recorded in the measurement cross-section.
Average monthly water temperatures recorded at the
same time were the least differentiated in the winter
(from December to February). Small variations in the
average hourly temperature of water were accompa-
nied by high variability (demonstrated in Figure 3D
in the vertical spread of the point clouds). During this
period, temperature changes from hour to hour can be
more influenced by the advection of air masses than
by the solar radiation reaching the Earth’s surface. The
advection of air masses is not conditioned by the time
of day, which affects the large variation in the varia-
bility of water temperatures in individual hours. It is
not so in the summer, when temperature changes dur-
ing the day are most affected by solar radiation, with
lesser participation of air mass advection. In this case,
the variation in the average hourly water temperature
is high (as demonstrated by the horizontal gradient
of the points cloud, seen in Figure 3D), however, the

30

variability in their range is very similar. We can also
observe that in the spring months (March and April)
there was definitely more variation recorded in the av-
erage hourly water temperatures than in the autumn
months (October and November). This is undoubtedly
connected with the autumn stability (or lack thereof
in the spring months) of the air circulation conditions
over Poland.

ELECTROLYTIC CONDUCTIVITY (SEC)

The average electrolytic conductivity of water in the
Sokotdéwka river in the control cross section at Lewa
street was 1158 pS - cm™' during the period under
consideration. The highest average hourly conduc-
tivity of water was recorded in the morning (almost
1200 puS - cm™! at approximately 8:00 a.m.), however
between the hours of 6:00 a.m. and 8:00 a.m. there
was an abrupt increase in conductivity (see: Figure
4A). This was the effect of the impact of winter road
maintenance (the largest amount of sand trucks in
the city is usually met before the morning commu-
nication peak). In the absence of chloride supply to
the watercourse, the maximum conductivity occurs a
few hours later. It should be noted that low values of
electrolytic conductivity are characteristic for night
hours, which is also confirmed by studies conducted
in other watercourses (Bourg, Bertin 1996, Barringer
et al. 2008). On the other hand, the research conduct-
ed by Siwek (2012) in the rainfall-free period, in the
winter, in the forest catchment, indicates a completely
opposite distribution of conductivity during the day
— increase during the night, and decrease during the
day. The author explains this phenomenon of melting
during the day, and the inflow of poorly mineralized
waters from snow and ice into river channels. These
differences in views lead to the conclusion about the
special significance of anthropogenic pressure for the
curve of daily SEC variability. It can be assumed that
in the Sokotowka river catchment, the human impact
on the day-and-night variability of water conductivity
is manifested by shifting its maxima to the morning
hours, with no changes to the times when the minima
occur.

The curve of the day-and-night variability of the
average and maximum electrolytic conductivity is
very similar, since extremely high water conductivi-
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Fig. 4. Hourly variation characteristics of Sokotowka river water conductivity in the Lewa cross-section during the period

from October 2011 to October 2012.

A — the mean, minimum and maximum annual water conductivity in particular hours (SE' Cg); B — the mean annual water

conductivity in particular hours (SEC,) and its corresponding variation coefficient (Cvg, ); C — the differences between
g

mean water conductivity in particular hours (ASEC) in warm and cool half-years; D — the mean monthly water conductivity

in particular hours (SECm, ) and its corresponding variation coefficient (CDSECmg).

ties (up to almost 22000 puS - cm™!) that are recorded
in winter strongly affect the average value. The course
of daily variability of the minimum hourly electrolyt-
ic conductivity of water differs significantly from the
above. It is impossible to distinguish one specific time
of day with increased conductivity, as it occurs at dif-
ferent times of the day. The period of minimum con-
ductivity (less than 100 pS - cm™, between the hours
of 11:00 a.m. and 11:00 p.m.) is strongly marked, most
likely due to the overlap effect of an intense supply of
water from melting ice and snow with low conduc-
tivity that is already characteristic at this time (water
with a high chloride content flows most intensively in
the early hours of the thaw), and the strong convec-
tive precipitation that occurs during these hours in the
summer period.

The variability of the average day-and-night wa-
ter conductivity increases with its value (see: Figure
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4B). With lower conductivity, volatility is also low,
and the changes between averaged hourly values are
quite chaotic (this applies to the afternoon and night
hours, between 5:00 p.m. and 6:00 a.m.). At times
when average conductivity is strongly influenced by
the high conductivities associated with the necessi-
ty of winter road maintenance (between 6:00 a.m.
and 4:00 p.m., see: Figure 4C), the average electro-
lytic conductivity and its variability increase rapid-
ly, reaching a maximum at about 9:00 a.m. The de-
crease in this characteristic, which takes place later,
is accompanied with a relatively greater variability,
which can be explained by the varying time of in-
flowing water reaching the control section from dif-
ferent parts of the catchment.

Throughout the year, the differences in water con-
ductivity during the day and night were small. This
does not apply only to winter months (December and
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January) when these differences grew rapidly (see:
Figure 4D). Particularly high conductivity (over
3500 pS - cm') with very high variability (over
100%) was noted in January. In 2012, this month was
characterized by a large number of days with rainfall
or snowfall (only seven days without rain or snow)
and temperatures close to zero (the average temper-
ature at the Lodz-Lublinek meteorological station
was —0.9°C). This necessitated frequent use of an-
ti-icing agents by municipal services. The situation
was completely different in December 2011, when
precipitation occurred in principle only in the form
of rain, and at high air temperatures. There were only
two rainy episodes that could trigger the response of
municipal services, hence the very large variation in
the coefficient of variation between particular hours
in that month.

WATER REACTION (ACIDITY / BASICITY)

The average hourly pH of the water in Sokolowka
river at the Lewa section, in the studied period, was
slightly alkaline (pH 7.37) and only slightly change-
able (differences were less than 0.03 pH). Day-and-
night extremes of the average annual curve of water
pH occur in the early morning hours (at 5:00 a.m. the
waters were the closest to neutral pH) and in the after-
noon (between 3:00 p.m. and 6:00 p.m., see: Figure
5A). A similar rise in the pH of water during the day
had already been observed by Bourg and Bertin (1996)
and Neal et al. (2002). They attributed it to a simulta-
neous decrease in the concentration of carbon dioxide
in the water, taken by the plants for the photosynthe-
sis process. In their research, Guash et al. (1998) ar-
gue that the intensification of photosynthesis during
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Fig. 5. Day-and-night variation characteristics of Sokotowka’s water pH in the Lewa cross-section, in the period between

October 2011 and Oct.2012.

A — the mean, minimum and maximum annual pH in particular hours (pHg); B — the mean annual pH in particular hours

(pH,) and its corresponding variation coefficient (CupH ); C—

the differences between mean water reaction in ) particular

hours (ApH) in warm and cool half-years; D — the mean monthly pH in particular hours (pHm, ) and its corresponding

variation coefficient (Cv png).
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the day and the related increase in the pH of water
result in precipitation of carbonates from the waters.
Hessen et al. (1997) and Sullivan et al. (1998) argued
that it is the changing demand of aquatic organisms for
biogenic compounds, changing over the course of the
day, that is the main cause for the changes in water pH
in watercourses throughout the day and night. Almost
identical day-and-night variation of water pH was also
observed in the case of polluted water settlers (Kay-
ombo et al. 2002) and rivers contaminated with the
presence of heavy metals (Bourg, Bertin 1996).

The differences between absolute extremes are
larger, and they amount to about 1.5 pH units per year.
The most acidic waters were recorded in the morning
(at 6:00 a.m.), and the most alkaline waters, only two
hours later. The time of their occurrence coincided
with the time of rapid increase in water conductivity
indicating the identical cause for both maxima. During
the night and morning hours, relatively more acidic
water in Sokotéwka runs in the cool period (see: Fig-
ure 5C); whereas in the warm half of the year, between
noon to 9:00 p.m.

On average, a statistically weak correlation be-
tween water reaction and variability at a given time is
observed during the day-and-night (see: Figure 5B).
This indicates to a decrease in variability, with increas-
ing alkalinity of water. The increase in the alkalinity
of water always takes place with greater variability,
because in the spring it is associated with the capture
of carbon dioxide from the water as a result of the pho-
tosynthesis process. Changeable weather conditions of
this period, on the other hand, cause a large variation
in its intensity between successive days. Interesting-
ly enough, during the averaged day-and-night period,
the correlation takes the form of an ellipse with points
of maximum variability in the period of the morning
increase in the reaction associated with the increased
CO, uptake by the plants, and the minimum in the
hours of the least variability in the afternoon.

The most highly alkaline waters, characterized by
very variable variability of reaction, were recorded in
January (see: Figure 5D). We should note that anal-
ogous results (high values and highly differentiated
variability thereof) were obtained for conductivity,
which confirms the relationship between changes in
recorded water pH and its conductivity during the in-
creased inflow of water from the streets in winter. The

www.formatiocircumiectus.actapol.net/pl/

spring months (between March and May) are charac-
terized by a very high variability of water pH. During
this period, the volatility between the hours during the
day-and-night period is similar to the relationship ob-
tained for the entire year (see: Figures 5B and 5D).
It can therefore be assumed that the processes taking
place in these months are of highest impact on the cor-
relation obtained for the 1-year sample.

DISSOLVED OXYGEN

The dissolved oxygen content in the waters of
Sokotéwka river is highly varied. The minimum hour-
ly values are always 0 mg-dm and therefore they are
not included in Figure 6A. On average, in a year, there
is 4.15 mg-dm™ of oxygen dissolved in water, with
a minimum at night at 10:00 p.m. and the morning
maximum at 8:00 a.m. A completely different course
is taken by maximum values, reaching their peak in
the afternoon (7:00 p.m. and 9:00 p.m.), and their low-
est point at 11 a.m. The content of oxygen dissolved
in water depends on many factors (Whitney 1942).
Therefore, the values of day-and-night variability
recorded by the authors conducting their research in
different watercourses will differ significantly from
one another. In the literature, we find day-and-night
diagrams that are evidently dependent on photosyn-
thesis (Garcia et al. 2006, Baulch et al. 2012) with
a maximum at noon, and a minimum around midnight.
Other daily variability is also reported, with minima
in the morning and afternoon peaks (Bourg, Ber-
tin 1996, Wilcock et al. 1998, Kayombo et al. 2002,
Barringer et al. 2008). This variability was also not-
ed for another watercourse in £6dz city — the Jasien
river (Bartnik, Moniewski 2016). Such variability is
similar to the course of maximum concentrations of
oxygen dissolved in the waters of Sokotéwka, and is
often multimodal in character. It is interesting to note
that the studies mentioned above concerned both the
watercourses draining agricultural areas, and objects
contaminated with heavy metals or sewage. Therefore,
one can draw a cautious conclusion that the pollution
load on the watercourse changes the level of oxygen
concentration in the water, without changing its day-
and-night fluctuations. Therefore, the interpretation of
the daily variability of this feature is not an easy task.
Among the daily trajectories, you can find, among oth-
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ers those in which the impact of strong afternoon wa-
ter surges in the summer period is clearly visible (see:
Figure 2A). Water flow velocities are then higher, and
therefore the oxygen in the atmospheric air dissolves
more efficiently. This produces the effect of maximum
dissolved oxygen concentrations occurring with a shift
of about 2 hours with respect to maximum flows. In
turn, in the day-and-night curve of average values, we
can indicate the increase of dissolved oxygen as a re-
sult of the delivery of storm water from the drainage
to the watercourse (convergence of times of maximum
hourly average values).

The concentration of oxygen in the waters of
Sokotéowka in the warmer half of the year is higher
than the average in the morning and early morning
hours (from 5:00 a.m. to 2:00 p.m., see: Figure 6C).
This corresponds to the flow rate distribution (high-
er than the average in the warm period, occurring be-
tween 4:00 a.m. and 3:00 p.m.). Thus, the effect of
mechanical oxygenation of the water associated with
the speed at which the water is flowing is visible here.
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The multitude of factors determining the concentra-
tion of oxygen dissolved in water heightens the vari-
ability of the obtained results. It decreases with the in-
creasing oxygen content in water, but the correlation is
weak (see: Figure 6B). The observable high variability
in October (see: Figure 6D) results from faulty opera-
tion of the oxygen probe over several days, and should
therefore be ignored. The oxygen content in May is
very variable, and at the same time, it is the lowest.
Water temperature in that month is already high (on
average almost 15°C), so the ability to dissolve oxygen
is limited. At the same time, the flows were not large,
hence the mechanical oxygenation of water outside the
water surge episodes has been weak. The most vari-
able, and simultaneously the highest dissolved oxygen
content was recorded in November. Water temperature
was then almost 10°C lower, the flows were stable, and
the process of decomposition of dead organic matter
delivered to Sokotowka’s channel has not yet begun
for good. Research conducted over a two-year period
in the UK, in an agricultural catchment area, rendered
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Fig. 6. Day-and-night variation characteristics of dissolved oxygen (O2) in Sokotowka’s water in the Lewa cross-section in

period between October 2011 and October 2012.

A — the mean, minimum and maximum annual oxygen dissolved in water in particular hours (02g); B — the mean annual

oxygen dissolved in water in particular hours (a) and its corresponding variation coefficient (C V,p)s € —the differences
t4

between mean oxygen dissolved in water in particular hours (AQ,) in warm and cool half-years; D — the mean monthly ox-

ygen dissolved in water in particular hours (Ong) and its corresponding variation coefficient (Cvy,,, ).
8
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very similar results (Halliday et al. 2014). The largest
variability was typical for the spring months, and the
smallest variability was observed in the early winter.

CONCLUSIONS

The analyses of short-term variability of physico-
chemical properties of water in a period longer than
several months are still relatively rare. The main ob-
stacle lies in constraints related to the durability of
measuring devices. In particular, this concerns the
measurement of pH, and the ion concentration of
the substances dissolved in water, including oxygen.
These devices require periodic calibration, cleaning
and replacement of membranes and electrolytes. This
applies especially to heavily polluted watercourses
that drain urban areas. It should be assumed that with
the development of measurement techniques, similar
research will become easier, and it will be undertaken
by a wider group of researchers. Currently, all results
of such tests are valuable. By comparing the results
obtained for quasi-natural and man-made catchments,
we are able to determine whether the identified daily
variation is natural or anthropogenic.

The research into basic physicochemical parame-
ters of the Sokotowka catchment area led us to formu-
late the following conclusions:

* In the hourly series of physicochemical features of
the Sokotéwka waters, the occurrence of rhythms
was found, which confirms the observations of
other authors. Naturally recorded daily variability
(Siwek 2012) was nevertheless disturbed by an-
thropogenic factors;

* The most pronounced changes were noted in the
case of electrolytic conductivity proper. They ma-
nifest themselves by postponing the time of ‘maxi-
ma’ occurrence to the morning hours (which is the
effect of winter road maintenance) with no changes
to the times of minima occurrence. Similar results
have been obtained for other watercourses (Bourg,
Bertin 1996, Barringer et al. 2008), it should the-
refore be assumed that this is not a change charac-
teristic of Sokotowka but that it is typical of rivers
carrying heavily polluted waters;

* Changes to the natural diurnal rhythm (Wilcock
et al. 1998) has not been noted for the oxygen dis-
solved in water. These results were also obtained in

www.formatiocircumiectus.actapol.net/pl/

other quasi-natural and contaminated streams (Bo-
urg, Bertin 1996, Kayombo et al. 2002, Barringer et
al. 2008, Bartnik, Moniewski 2016). It can therefo-
re be assumed that the pollution load on the water-
course changes the level of oxygen concentration in
water, without changing its daily fluctuations;

* Variability of the hourly values of the tested cha-
racteristics in particular days depends to a large
extent on the value of the analysed feature. In the
case of the flow rate and electrolytic conductivity
of water, the variability increases with the incre-
ase in the value of features, and in the case of the
dissolved oxygen, water pH, and temperature — it
decreases with the increase in the value of features;

* In the case of water reaction, its conductivity and
temperature, the correlations observed within the
24-hour period between the value of the analysed
feature and its variability are not linear. For exam-
ple, water temperatures recorded throughout the
year at 1:00 p.m. and at 8:00 p.m. are practically
no different from average, but they differ in their
variability because the heating and cooling con-
ditions are different.

The changes described in the last two conclusions
cannot currently be applied to analogous changes
identified in other watercourses, as the authors are not
aware of the results of such analyses. Therefore, this
is one of the possible directions for further research
into time series of basic physicochemical characteris-
tics of water. With more such data, it will be possible
to draw more general conclusions about the nature of
these correlations.

REFERENCES

Allan J.D. (1998). Ekologia wod ptynacych. Warszawa:
Wyd. Nauk. PWN

Barringer J.L., Wilson T.P., Szabo Z., Bonin J.L., Fischer
J.M., Smith N.P. (2008). Diurnal variations in, and influ-
ences on, concentrations of particulate and dissolved
arsenic and metals in the mildly alkaline Wallkill River,
New Jersey, USA. Environ. Geology, 53, 11831199,
https://doi.org/10.1007/s00254-007-0708-8

Bartnik A. (2017). Mata rzeka w duzym miescie. £.6dz: Wy-
dawnictwo Uniwersytetu L.odzkiego.

Bartnik A., Moniewski P. (2015). Analiza sezonowej zmien-
no$ci wybranych cech fizykochemicznych wody ma-
tych ciekéw odwadniajacych obszary o réznym stopniu

35


www.formatiocircumiectus.actapol.net/pl/
https://doi.org/10.1007/s00254-007-0708-8

Bartnik, A., Tomalski, P. (2018). Diurnal variations of the basic physico-chemical characteristics of a small urban river - the Sokotowka
in £édz - a case study. Acta Sci. Pol., Formatio Circumiectus, 18(3), 23-38. DOI:

antropopresji. W: P. Jokiel (red.) Metody statystyczne
w analizach hydrologicznych $rodkowej Polski. £6dz:
Wydawnictwo. Uniwersytetu Lodzkiego, 27-47, http://
hdl.handle.net/11089/16753

Bartnik A., Moniewski P. (2016). Changes in water quality
of a small urban river triggered by deep drainage of a
construction site. Journal of Water and Land Develop-
ment, 31, 11-22, http://doi.org/10.1515/jwld-2016-0032

Baulch H.M., Dillon P.J., Maranger R., Venkiteswaran J.J.,
Wilson H.F., Schiff S.L. (2012). Night and day: short-
term variation in nitrogen chemistry and nitrous oxide
emissions from streams. Freshwater Biology, 57, 509—
525, https://doi.org/10.1111/j.1365-2427.2011.02720.x

Bhangu I., Whitfield P.H. (1997). Seasonal and long-term
variations in water quality of the Skeena River at Usk,
British Columbia. Water Res., 31(9), 2187-2194.

Bonell M. (1993). Progress in the understanding of runoff
generation dynamics in forests, J. Hydrol., 150, 217—
275, https://doi.org/10.1016/S0043-1354(97)00063-8

Bourg A.C.M., Bertin C. (1996). Diurnal variations in the
water chemistry of a river contaminated by heavy me-
tals: natural biological cycling and anthropic influence.
Water, Air and Soil Pollution, 86, 101-116, https://doi.
org/10.1007/BF00279148

Ciupa T. (2002). Erozja, transport i akumulacja w korytach
rzecznych obszaru zurbanizowanego (Kielce). W: K.
Banasik (red.) Erozja gleb i transport rumowiska rzecz-
nego. Warszawa: P.P. Evan, 29-38.

Ciupa T. (2009). Rola zagospodarowania terenu, w tym
urbanizacji, na koncentracje gtownych jonow w wodach
rzeki Silnicy i Suffaganca (Kielce). Ochrona Srodowi-
ska i Zasobow Naturalnych, 38, 44-53.

Ciupa T. (2014). Miasto jako wydajny system zasilania rzek
1 dostawy ladunkéw fluwialnych na przyktadzie Kielc.
W: T. Ciupa, R. Suligowski, Woda w miescie. Kom. Hy-
dro. PTG, IG UJK, Kielce, 39-48.

Czaja S. (1999). Zmiany stosunkéw wodnych w warunkach
silnej antropopresji (na przyktadzie konurbacji katowic-
kiej). Prace Nauk. US, 1782, Katowice.

Chmiel S., Maciejewska E., Michalczyk Z. (2009). Hydro-
chemical characteristics of a spring snowmelt flood in
the Upper Wieprz River basin (Roztocze region) in year
2006. J. Water Land Dev., 13b, 57-67.

Edwards A.M.C. (1973). The variation of dissolved con-
stituents with discharge in some Norfolk Rivers. J.
Hydrol., 18, 219-242, https://doi.org/10.1016/0022-
1694(73)90049-8

Foster I.D.L. (1978). A multivariate model of storm-period
solute behaviour. J. Hydrol., 39, 339-353, https://doi.
org/10.1016/0022-1694(78)90010-0

36

Froehlich W. (1975). Dynamika transportu fluwialnego Ka-
mienicy Nawojowskiej. IGiGZ PAN, Prace Geogr., 114,
Wyd. PAN.

Garcia J., Green B.F., Lundquist T., MujeriegoR., Her-
nandez-Marine M., Oswald W.J. (2006). Long term
diurnal variations in contaminant removal in high rate
ponds treating urban wastewater. Bioresource Tech-
nology, 97, 1709-1715, https://doi.org/10.1016/j.bior-
tech.2005.07.019

Gutry-Korycka M. (1993). Wptyw urbanizowania i uprze-
mystawiania. W: I. Dynowska (red.), Przemiany stosun-
kow wodnych w Polsce w wyniku proceséw naturalnych
i antropogenicznych. Krakéw: UJ, 344-354.

Gutry-Korycka M. (2003). Mozliwosci modelowania odpty-
wu ze zlewni zurbanizowanych i uprzemystawianych.
W: T. Szczypek, M. Rzgtata (red.), Czlowiek i woda.
Katowice—Sosnowiec: PTG, 38-53

Guash H., Armengol J., Marti E., Sabater S. (1998). Diurnal
variation in dissolved oxygen and carbon dioxide in two
low-order streams. Water Res., 32 (4), 1067-1074, ht-
tps://doi.org/10.1016/S0043-1354(97)00330-8

Halliday S.J., Skeffington R.A.. Bowes M.J., Gozzard E.,
Newman J.R., Loewenthal M., Palmer-Felgate E.J.,
Jarvie H.P., Wade A.J. (2014). The Water Quality of the
River Enborne, UK: Observations from High-Frequency
Monitoring in a Rural, Lowland River System. Water, 6,
150-180, https://doi.org/10.3390/w6010150

Halliday S.J., Wade A.J., Skeffington R.A., Neal C., Rey-
nolds B., Rowland P., Neal M., Norris D. (2012). An
Analysis of long-term trends, seasonality and short-term
dynamics in water quality data from Plynlimon, Wales.
Science of The Total Environment, 434, 186-200, ht-
tps://doi.org/10.1016/j.scitotenv.2011.10.052

Hessen D.O., Henriksen A., Smelhus A.M. (1997). Seasonal
fluctuations and diurnal oscillations in nitrate of a He-
athland Brook. Water Res., 31(7), 1813—1817, https://
doi.org/10.1016/S0043-1354(97)00010-9

Kayombo S., Mbwette T.S.A., Mayo A.W., Katima J.H.Y.,
Jorgensen S.E. (2002). Diurnal cycles of variation of
physical-chemical parameters in waste stabilization
ponds. Ecological Engineering, 18, 287-291, https://doi.
org/10.1016/S0925-8574(01)00086-6

Kondrashov D., Ghil M. (2006). Spatio-temporal filling of
missing points in geophysical data sets. Nonlinear Pro-
cesses in Geophysics, European Geosciences Union
(EGU), 13 (2), 151-159, https://hal.archives-ouvertes.
fr/hal-00331089

Kostrzewski A., Mazurek M., Stach A., Zwolinski Z. (1992).
Hydrochemiczna interpretacja przeptywoéw wezbranio-
wych w zlewniach mtodoglacjalnych, W: A. Kostrzew-

www.formatiocircumiectus.actapol.net/pl/


www.formatiocircumiectus.actapol.net/pl/
http://hdl.handle.net/11089/16753
http://hdl.handle.net/11089/16753
http://doi.org/10.1515/jwld-2016-0032
https://doi.org/10.1111/j.1365-2427.2011.02720.x
https://doi.org/10.1016/S0043-1354(97)00063-8
https://doi.org/10.1007/BF00279148
https://doi.org/10.1007/BF00279148
https://doi.org/10.1016/0022-1694(73)90049-8
https://doi.org/10.1016/0022-1694(73)90049-8
https://doi.org/10.1016/0022-1694(78)90010-0
https://doi.org/10.1016/0022-1694(78)90010-0
https://doi.org/10.1016/j.biortech.2005.07.019
https://doi.org/10.1016/j.biortech.2005.07.019
https://doi.org/10.1016/S0043-1354(97)00330-8
https://doi.org/10.1016/S0043-1354(97)00330-8
https://doi.org/10.3390/w6010150
https://doi.org/10.1016/j.scitotenv.2011.10.052
https://doi.org/10.1016/j.scitotenv.2011.10.052
https://doi.org/10.1016/S0043-1354(97)00010-9
https://doi.org/10.1016/S0043-1354(97)00010-9
https://doi.org/10.1016/S0925-8574(01)00086-6
https://doi.org/10.1016/S0925-8574(01)00086-6
https://hal.archives-ouvertes.fr/hal-00331089
https://hal.archives-ouvertes.fr/hal-00331089

Bartnik, A., Tomalski, P. (2018). Diurnal variations of the basic physico-chemical characteristics of a small urban river — the Sokotéwka
in £ddz - a case study. Acta Sci. Pol., Formatio Circumiectus, 18(3), 23-38. DOI:

ski, M. Pulina (red.) Metody hydrochemiczne w geomor-
fologii dynamicznej, Prace Naukowe US, 1254, 127-140.

Laszewski M. (2018). Diurnal water temperature dynamics
in lowland rivers: A case study from Central Poland. Jo-
urnal of Water and Land Development, 36, 89-97, ht-
tps://doi.org/10.2478/jwld-2018-0009

Neal C., Watts C., Williams R.J., Neal M., Hill L., Wickham
H. (2002). Diurnal and longer term patterns in carbon
dioxide and calcite saturation for the River Kennet, so-
uth-eastern England. Sci. Total Environ., 282-283.

Pinol J., Avila A, Roda F. (1992). The seasonal variation of
streamwater chemistry in three forested Mediterranean
catchments. J. Hydrol., 140, 119-141, https://doi.or-
2/10.1016/0022-1694(92)90237-P

Poor C.J., McDonnell J.J. (2007). The effects of land use on
stream nitrate dynamics. J. Hydrol., 332, 54-68, https://
doi.org/10.1016/j.jhydrol.2006.06.022

Projekt generalny rzek dla Lodzi — zlewnie rzeki Ner, rzeki
Miazgi i rzeki Bzury. Zatacznik: Projekt generalny rzeki
Sokotowki. (2003). Aqua Projekt s. c., BIW, 1. Kujawa,
M. Kujawa, £6dz.

Roézycki F., Kluczynski S. (1966). Szczegdtowa mapa geo-
logiczna Polski 1:50000, arkusz £.6dz Zachod (627), In-
stytut Geologiczny, Warszawa: Wyd. Geologiczne.

Siwek J., (2001). Hydrochemiczna interpretacja wezbran
z lipca 1997 r. w zlewni Dworskiego Potoku (Pogorze
Wisnickie), W: W. Chelmicki (red.) Przemiany $rodo-
wiska na Pog6rzu Karpackim, t. 1. Procesy, gospodarka,
monitoring, Krakow: IGiGP UJ, 51-63.

Siwek J.P. (2012). Zmienno$¢ skitadu chemicznego wod
w malych zlewniach na progu Pogorza Karpackiego.
Krakow: IGIGP UJ.

Soja R. (1973). Termika wody w dorzeczu Ropy w okresie
maksymalnych temperatur rocznych. Przeglad Geogra-
ficzny, XLV, 3, 587-597.

Sullivan A.B., Drever J.I., McKnight D. M. (1998). Diel va-
riation in element concentrations, Peru Creek, Summit
County, Colorado. J. Geochem. Explor., 64, 141-145,
https://doi.org/10.1016/S0375-6742(98)00027-2

Suzuki K. (1984). Variations in the concentration of chemi-
cal constituents of a stream water during the snowmelt
season. Geogr. Report of Tokyo Metropolitan Univ., 19,
137-148.

Suzuki K. (1995). Hydrochemical study of snow meltwater
and snow cover. W: K.A. Tonnessen, M.W. Williams,
M. Tranter (red.) Biogeochemistry of seasonally snow-
covered catchments. IAHS Publ., 228, 107-114.

Suzuki K. (2003). Chemistry of stream water in a snowy
temperate catchment. Hydrol. Process., 17, 2795-2810,
https://doi.org/10.1002/hyp.1434

www.formatiocircumiectus.actapol.net/pl/

Tadesse 1., Green F.B., Puhakka J.A. (2004). Seasonal and
diurnal variations of temperature, pH and dissolved
oxygen in advanced integrated wastewater pond system
treating tannery effluent. Water Research, 38, 645-654,
https://doi.org/10.1016/j.watres.2003.10.006

Walling D.E., Foster I.D.L. (1975). Variations in the natu-
ral chemical concentration of river water during flood
flows, and the lag effect: some further comments. J.
Hydrol., 26, 237-244, https://doi.org/10.1016/0022-
1694(75)90005-0

Wang H., Hondzo M., Xu C., Poole V., Spacie A. (2003). Dis-
solved oxygen dynamics of stream draining an urbanized
and an agricultural catchment. Ecol. Model., 160, 145—
—161, https://doi.org/10.1016/S0304-3800(02)00324-1

Whitney R.J. (1942). Diurnal fluctuations of oxygen and pH
in two small ponds and a stream. Journal of Experimen-
tal Biology, 19, 92-99.

Wiejaczka L. (2007a). Dynamika temperatury wody w rzece
Ropie w latach 1982-2006, W: Sottysik R., Suligowski
R. (red.) Rola geografii fizycznej w badaniach regional-
nych, tom I, Kielce, 255-257.

Wiejaczka L. (2007b). Dobowy cykl temperatury wody w rze-
ce Ropie ponizej zbiornika retencyjnego w Klimkowce.
Monitoring Srodowiska Przyrodniczego, 8, 91-98.

Wilcock R.J., Nagels J.W., McBride G.B., Collier K.J., Wil-
son B.T, Huser B.A. (1998). Characterisation of low-
land streams using a single—station day-and-night curve
analysis model with continuous monitoring data for dis-
solved oxygen and temperature. New Zealand Journal of
Marine and Freshwater Research, 32, 1, 67-79.

Wondzell S.M., Gooseff M.N., McGlynn B.L. (2007).
Flow velocity and the hydrologic behavior of streams
during baseflow. Geophysical Research Letters, 34, 1-5,
https://doi.org/10.1029/2007GL031256

Young R.G., Huryn A.D. (1999). Effects of land use on stre-
am metabolism and organic matter turnover. Ecol. Appl.,
9 (4), 1359-1376, https://doi.org/10.1890/1051-0761
(1999)009[1359:EOLUOS]2.0.CO;2

Ziutkiewicz M., Fortuniak A., Waack-Zajac A., Gorecki
M., Grzedzinska S., Malecka B. (2016). Zdjecie hydro-
chemiczne rzeki miejsckiej na przyktadzie Olechowki
(Lodz). W: L. Hejduk, E. Kaznowska (red.) Hydrologia
zlewni zurbanizowanych. Mon.Kom.Gosp.Wod. PAN,
39, Warszwa, 279-291.

Sources of cartographic data:

MODGiK-InterSIT: £.6dzki Internetowy System Informacji
o Terenie: http:// http://www.mapa.lodz.pl/

MPHP10k — Mapa Podziatlu Hydrograficznego Polski
w skali 1:10 000. MGGP S.A., KZGW, IMGW-PIB

37


www.formatiocircumiectus.actapol.net/pl/
https://doi.org/10.2478/jwld-2018-0009
https://doi.org/10.2478/jwld-2018-0009
https://doi.org/10.1016/0022-1694(92)90237-P
https://doi.org/10.1016/0022-1694(92)90237-P
https://doi.org/10.1016/j.jhydrol.2006.06.022
https://doi.org/10.1016/j.jhydrol.2006.06.022
https://doi.org/10.1016/S0375-6742(98)00027-2
https://doi.org/10.1002/hyp.1434
https://doi.org/10.1016/j.watres.2003.10.006
https://doi.org/10.1016/0022-1694(75)90005-0
https://doi.org/10.1016/0022-1694(75)90005-0
https://doi.org/10.1016/S0304-3800(02)00324-1
https://doi.org/10.1029/2007GL031256
https://doi.org/10.1890/1051-0761(1999)009%5b1359:EOLUOS%5d2.0.CO;2
https://doi.org/10.1890/1051-0761(1999)009%5b1359:EOLUOS%5d2.0.CO;2
Mon.Kom.Gosp.Wod
http://www.mapa.lodz.pl/

Bartnik, A., Tomalski, P. (2018). Diurnal variations of the basic physico-chemical characteristics of a small urban river - the Sokotowka
in £édz - a case study. Acta Sci. Pol., Formatio Circumiectus, 18(3), 23-38. DOI:

DOBOWY PRZEBIEG WYBRANYCH CECH FIZYKOCHEMICZNYCH WOD MALEGO CIEKU
MIEJSKIEGO NA PRZYKLADZIE SOKOLOWKI (LODZ)

ABSTRAKT

Celem prezentowanego opracowania byta identyfikacja dobowej zmiennosci wybranych cech fizykoche-
micznych wody (nate¢zenie przeptywu, konduktywno$¢ temperatura i odczyn wody oraz stezenie rozpuszczo-
nego w wodzie tlenu) przeksztatconego przez cztowieka cieku miejskiego (zlewnia Sokotéwki o powierzchni
7,71 km?). Wykorzystano wyniki pomiaro6w prowadzonych od 4 X 2011 r. do 3 X 2012 r. przy pomocy wie-
loparametrycznej sondy pomiarowej YSI 6920 V2 oraz przeptywomierza ISCO 2150 zapisujacych wyniki
z krokiem odpowiednio: 15- i 10-minutowym. Badania udowodnity istnienie rytmow zmiennosci dobowe;j
i sezonowej. Zmienno$¢ godzinowych wartosci badanych charakterystyk w poszczegdlnych dniach w znacz-
nym stopniu zalezy od wielkosci analizowanej cechy. W przypadku nat¢zenia przeptywu i przewodnictwa
elektrolitycznego wody zmiennos¢ ta (wyrazona wspotczynnikiem zmiennos$ci) ro$nie wraz z ich wzrostem,
a w przypadku tlenu rozpuszczonego, odczynu wody i temperatury — spada. Dla odczynu wody, jej kon-
duktywnosci i temperatury obserwowane o réznych godzinach zaleznosci pomiedzy dang wielkoscig a jej
zmiennoscig nie sg liniowe lecz tworzg petle o réznym ksztalcie. Przeci¢tna dobowa zmienno$¢ przewodnic-
twa elektrolitycznego wlasciwego oraz odczynu wod Sokotowki ulegta zmianom pod wpltywem dziatalno$ci
cztowieka. Maksima konduktywnosci i odczynu wody przesungty si¢ na godziny poranne przy braku zmian
terminéw wystgpowania minimow.

Stowa kluczowe: cechy fizykochemiczne wod, zmienno$¢ wewnatrzdobowa, antropopresja, hydrologia
miejska, Polska
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