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Abstract: The research aimed to estimate the role of the beach in the process of self-purification of water in the Vistula River. The
study could become a very important voice in the debate about the future of the Vistula River. A self-purification process involves
the disposal of pollutants entering the water from the catchment of the river. A measure of the Vistula River water purification
process of organic matter is the amount of oxygen that is consumed by the beach settlement. That is the amount of utilised
organic matter by psammon during cellular respiration. Besides, the calculation of the amount of organic matter, which was worn
by psammon can be the measure of “goods and services of the ecosystem” of the river.
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Streszczenie: Celem pracy jest ocena roli piaszczystych plaz w procesie samooczyszczania wod Wisty. Wyniki tej pracy moga by¢
waznym glosem w dyskusji o przysztosci Wisty. Proces samooczyszczania polega na usuwaniu zanieczyszczer wprowadzanych do
wody réwniez ze zlewni rzeki. Miarg procesu oczyszczania wody w Wisle z materii organicznej jest ilo$¢ tlenu zuzywanego przez
piaszczyste plaze w procesach utylizowania tej materii przez psammon podczas oddychania komérkowego. llo$¢ materii organicz-

nej, ktdra jest utylizowana przez psammon jest miarg ,débr i ustug ekosystemu” rzeki.

Stowa kluczowe: Wista, samooczyszczenie, psammon, zuzycie tlenu, dobra i ustugi ekosystemu

Introduction
Psammon - the interstitial organism
of the beaches
Psammon is a group of organisms inhabit-
ing wet coastal sand, the interstitial spaces
between grains of sand. It consists mainly
of bacteria, algae, protozoan, rotifers, gas-
trotrichs, nematodes, annelids, tardigrades
and copepods. Their living environment is
water located between grains of sand, usual-
ly strongly saturated with mineral salts and
organic compounds (Wiszniewski 1934).
Interstitial organisms feed on dissolved
and particulate organic matter carried by
water, which is infiltrated by sandbanks
and beaches. This organic matter is then

used for the construction of their bodies
and energy processes (cellular respiration)
(Kleiber 1961; Klekowski, and Duncan
1975; Klekowski, and Opaliniski 1993). The
discoverer of the psammon community
and the author of this term is Polish zoolo-
gist and hydrobiologist Jerzy Wiszniewski,

“This article was originally published in Polish as
Stodownik, Patrycja, i Krzysztof W. Opaliniski. 2015.
“Zuzycie tlenu przez plaze wislang. Dobra i uslugi
ekosystemu” Studia Ecologiae et Bioethicae 13(4):
179-194. The translation of the article into English was
financed by the Ministry of Science and Higher Educa-
tion of the Republic of Poland as part of the activities
promoting science - Decision No. 676/P-DUN/2019 of
2 April 2019. Translation made by GROY Translations.
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who worked in Research Station on Wigry
Lake in 1930-1935 and organized Research
Station in Pinisk (Wiszniewski 1934, 1947).

The amount of oxygen consumed in the
respiratory processes of the organisms in-
dicates the amount of organic matter taken
from the environment and used for energy
processes and thus the amount of decom-
posed organic matter (see Kleiber 1961).
The same process occurs in interstitial wa-
ter of sandbanks: the organic matter carried
by the water is biologically utilised by psam-
mon (Puczko 2013). Knowing the amount
of oxygen consumed by the sand, it is pos-
sible to calculate how much organic matter
carried by the water is consumed and thus
to assess the role played by the sandbanks,
sandy beaches and inhabiting it psammon
in self-purification of riverine water.

Aim of the research

This research aims to estimate the role of
the beach in the process of self-purifica-
tion of water in the Vistula River. A meas-
ure of the Vistula water purification
process of organic matter, mainly from
municipal sewage, is the amount of oxygen
that is consumed by the sandy beach, i.e.
the amount of utilised organic matter by
psammon during cellular respiration.

The assessment of the amount of organ-
ic matter utilised by psammon inhabiting
beaches, sandbanks and other Vistula Riv-
er sand formations, apart from a purely
cognitive purpose (this type of research
on river beaches was so far conducted by
Puczko (2013)), also has a practical aspect.
Namely, it can facilitate “evaluation” of
Goods and Services of the Ecosystem sen-
su Constanza 1999; Constanza et al. 1997
and it will be an important voice in the de-
bate about the future of the Vistula River.
Will the “Queen of Polish Rivers” become
“the last great wild river of Europe” or be
turned into a storm drain and a waterway.

1. Study area and methods
1.1. Study area

The research was conducted on the cen-
tral part of the Vistula River in Warsaw, on
the right, sandy and non-regulated side of

the river, next to Slasko—qurowski bridge,
near the La Playa club. It is a sandy beach,
or according to Kajak’s nomenclature (Ka-
jak 1998) — psammolittoral zone.

1.2. Methods

The research method used in this study
is the method of closed vessels (Lampert
1984). Of many other methods, this one
proved to be the best as it allows synchro-
nous measurements of many samples.

To calculate the total, biotic and abi-
otic oxygen consumption by the beach
one has to measure the total and abiotic
oxygen consumption and, based on this
measurement, calculate the biotic con-
sumption in a riverine water. Erlenmayer
flasks with a capacity of 0.120 dm® were
used for measuring. After filling the flasks
with water, the oxygen content in water
closed in flasks was measured. Next, the
flasks were exposed to Vistula water for 24
hours. To measure the content of oxygen
in the flasks, a Hach-Lange oxygen probe
was used. The probe is equipped with an
HQ40D digital meter and an LDO lumi-
nescent electrode (luminophore LED).
Luminescent electrode uses an optical
measurement of oxygen dissolved in wa-
ter. The decrease in oxygen content in the
studied flasks was treated as total oxygen
consumption.

For the calculation of biotic and abiotic
oxygen consumption in water, the meth-
od of adding formaldehyde to the sample
was used (Urban-Malinga, and Opalinski
1999). For this purpose, five samples
of water were taken, to which 2 cm?® of
concentrated formaldehyde was added.
Next, the flasks were put in a dark place.
Formaldehyde kills organisms living in
water, so the reduction of oxygen in the
flask is caused by the chemical processes
occurring in the water. It is called abiotic
oxygen consumption. Biotic oxygen con-
sumption means the difference between
total oxygen consumption and abiotic
oxygen consumption. Biotic oxygen con-
sumption is associated with the life pro-
cesses of plankton organisms living in
a water column.
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For measuring the total, biotic and abiotic
oxygen consumption in the sand, the closed
vessel method was also used. Samples from
beach sand were taken using 1.33 cm? glass
probe. The sample area was 1.33 cm? and
thickness was 10 cm. Samples were placed
in Erlenmeyer flasks with a capacity of
0.120 dcm?® and filed up with riverine water.
Oxygen content was measured in each flask.
Next, five flasks were closed. To each of the
other five flasks, 2 cm? of formaldehyde was
added, and then flasks were closed and put
in a dark place. All flasks were exposed to
24 hours. After this time, the oxygen content
in all flasks was measured again.

The loss of oxygen in flasks without for-
maldehyde (Total Oxygen Consumption)
was caused by oxygen consumption by
psammon, which lives in sand, and plank-
ton living in the water, and abiotic process-
es in water and sand. The loss of oxygen
in flasks with formaldehyde was caused
by abiotic processes (Abiotic Oxygen
Consumption). If to subtract the Abiotic
Oxygen Consumption in a flask from the
obtained value of the Total Oxygen Con-
sumption, Biotic Oxygen Consumption in
the sample of water and sand is obtained.

If oxygen consumption in flasks with wa-
ter is subtracted from oxygen consumption
in flasks with water and sand, oxygen con-
sumption by the sand probe is obtained. The
calculation of oxygen consumption per unit
of sand sample surface (m?) is possible by in-
cluding the capacity of Erlenmeyer flasks.

In this study, the measurements of oxygen
consumption, made every month from 2009
to 2013, were presented. In the 2009-2010
period, the measurements were made by dr
Magdalena Puczko (Puczko 2013), in 2011
by prof. Krzysztof Opalinski (unpublished
data), in 2012 by Anna Koziet (Koziel 2013)
and Marlena Ludwiniak (Ludwiniak 2013).
The measurements in the second part of
2012 and 2013 were made by the authors.

2. Results
2.1.Total oxygen consumption by the
Vistula River beach in years 2009-2013

Total oxygen consumption by the Vistula
beach (Fig. 1) has reached its highest val-
ue in 2012. The highest total oxygen con-
sumption (1.72 gO, m™? d') was observed
in September 2012. High total consump-
tion was also evident in August 2012 (1.60
g0, m? d), July 2012 (1.34 gO, m? d),
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Fig. 1. Biotic and abiotic oxygen consumption by the Vistula beach in the years 2009-
2013. Total oxygen consumption is the sum of biotic and abiotic consumption.
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Fig. 2. The percentage of biotic oxygen consumption in the total oxygen consumption by
the Vistula River beach in the years 2009-2013. The multi-annual average of biotic oxygen
consumption is 52.3% of the total oxygen consumption.

May 2012 (1.12 gO, m? d!) and June 2012
(1.07 gO, m™ d™). The lowest values of to-
tal oxygen consumption were observed
in winter, from December to March. The
zero value occurred in February 2010. In
January 2009 and 2011, the value of total
oxygen consumption was only 0.1 gO, m™
d’. In January 2012 and 2013 total oxy-
gen consumption by the beach was higher
than in previous years - in January 2012:
0.20 gO, m™* d', and in January 2013: 0.30
g0, m? d'. The value of total oxygen con-
sumption of the beach has been increasing
gradually since the beginning of the year,
reaching its maximum in July, August and
September, and then gradually decreasing.
The year 2010 had the lowest average an-
nual total oxygen consumption, while the
year 2012 had the highest.

2.2. Biotic oxygen consumption
by the beach

Biotic oxygen consumption by the Vistula
River beach (Fig. 1) has reached its highest
value in June 2012 (0.81 gO, m™>d™). The year

2012 was characterized by very high values
of biotic oxygen consumption by the Vistula
River beach: in August it reached 0.76 gO,
m2d7%, in June - 0.67 g0, m? d?, in April -
0.31 gO, m™ d. The lowest values were re-
corded during winter. In February 2010 biot-
ic oxygen consumption fell to zero, minimal
values: 0.01 gO, m?d" were recorded in Oc-
tober 2010, November 2009, 2010, in Janu-
ary 2009, 2010, 2011, 2013, in February 2011,
2013, and in March 2010. It is worth noting
that starting with winter (November) 2011,
the value of biotic oxygen consumption was
increasing until July 2012. The highest value
of biotic oxygen consumption in 2009 was in
August and it was 0.25 gO, m™* d™, in 2010 in
April and August - 0.04 gO, m? d’, in 2011
in June - 0.19 gO, m™ d". The year 2010 was
characterized by the lowest average biotic
oxygen consumption by the beach.

2.3. Abiotic oxygen consumption
by the beach

Abiotic oxygen consumption by the
beach (Fig. 1) has reached its highest val-
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ue in September 2012 - 1.55 gO, m>d™.
High values also appeared in August 2012
-1.37 gO,m?>d", October 2012 - 1.00 gO,
m? d"'. Considering the period between
2009-2013, in 2012 there was the highest
average the abiotic oxygen consumption
by the Vistula River beach. Between Oc-
tober and March, the abiotic oxygen con-
sumption reached its lowest values. Zero
values were recorded in January 2009,
2010 and in February 2010. Also, the low
value of 0.01 gO, m?d" was reported in
December 2010, in February 2009 and
2011, in March 2009, 2010 and 2011, in
April 2010, August 2010 and 2011, in Sep-
tember 2010 and 2011. The year 2010 is
characterized by the lowest average val-
ue of the abiotic oxygen consumption by
the beach. The annual maximum for 2009
was 0.19 gO, m*d" in August. In 2010, the
highest value was only 0.04 gO, m?d",
but in June and July. In 2011, the highest
values of 0.15 gO, m?d" were reported in
April and December.

The share of the biotic oxygen consump-
tion in the total oxygen consumption by
the beach varies from a few per cent (3.3%
in January 2013, 4.7% in October 2012)
to a hundred per cent (January 2009, Jan-
uary-February 2010, January 2011). The
average multi-annual (2009-2013) share of
the biotic oxygen consumption in the total
oxygen consumption by the beach is 52.3%
(Fig. 2). The relation between the biotic ox-
ygen consumption (in gO, m>d") and its
share, expressed as a percentage, in total
oxygen consumption by the beach is sta-
tistically insignificant, the correlation co-
efficient of this relation is r=0.1162. Thus,
based on measurements of total oxygen
consumption, it is not possible to establish
biotic oxygen consumption by the Vistula
River beach.

3. Discussion

3.1. Oxygen consumption in the beaches of

the Vistula River and other European rivers

The 1980s and 1990s of the 20th century
saw the development of research on energy
processes in lakes, estuaries and, to a small-
er extent, rivers. Another aim of these stud-

ies, although not openly admitted at the
time, was to analyse the emission and bind-
ing of carbon dioxide by inland waters and
their emission of methane - “greenhouse
gases” affecting the Earth’s thermal balance
(Devol et al. 1988; Richey et al. 1988; Mann,
and Wetzel 1995; Hamilton et al. 1995).

In literature, there is little data on ox-
ygen consumption or, in general, on the
energy flow through sandy sediments.
Puczko (2013) states that, in most cases,
these studies referred to small rivers and
streams, less often to lowland rivers and
rarely to large lowland rivers comparable
to the Vistula River. Moreover, the re-
searchers were interested rather in mud-
dy and organic sediments than in “clean
sand” which is considered to be biologi-
cally inactive, although it has been more
than half a century since Wiszniewski’s
discovery of psammon. Therefore, to
compare the results of oxygen consump-
tion by the sandy beaches of the river such
as the Vistula River obtained in this study
with the data from literature is quite dif-
ficult. What is more, there are differences
resulting from the applied measurement
methods, a flow-through vessel method
which gave results of an order of magni-
tude higher than the closed vessel meth-
od (Uzarski et al. 2004), while Bott (1978)
states that the methods are comparable.
Moreover, many of the results included
in the literature cannot be compared with
the data in this study due to the use of
other units, e.g. G.-Toth (1992), G.-Toth
et al. (1994), Simicic, and Mori (2007) do
not use oxygen consumption per unit of
sediment surface (bottom), but per unit
of sediment weight.

Table 1 provides the results of the oxy-
gen consumption in the sandy beaches of
the Vistula River and data from the liter-
ature. Unfortunately, only in a few cases,
the same methods of measurement were
used - in these cases (Puczko 2013), very
similar results were obtained (Table 1).

The oxygen consumption by the
sandy beaches of the Vistula River (0.02-
0.55 gO,m™ d') can be compared with the
oxygen consumption of the surface layer of
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Table 1. Oxygen consumption by riverine sediments (surface layer) and sandy sediments of
the Baltic Sea. Source: Puczko (2013).

Oxygen consumption | Name, type of river, Temp. Author

(g0, m>d") location, country (°C)
Vistula River, a large, .

0.02-0.55 lowland river, Poland 0-30 This study

0.01-0.78 Vistula River, a large, 0-27 Puczko 2013
lowland river, Poland

0.78 Steinen, a mountain 7.8 Pusch, and Schwoerbel 1994
stream, Germany

17 Steinen, a mountain, 1-16 Pusch 1996
stream, Germany

4.6-7.0 Neckar, in a mountain Naegeli, and Uehlinger 1997
course, Germany

0.69-2.09 Gdarisk Bay, Baltic Sea 4-23 Urban-Malinga, and Opaliniski 2002

Table 2. The percentage share of abiotic oxygen consumption in total oxygen consumption

by the river and the Baltic Sea beaches.

The share of abiotic oxygen Location Author
consumption in total
oxygen consumption (%)
47.7 Vistula River This study
50-67 Vistula River, wet beach Puczko 2013
40-62 Vistula River, dry beach Puczko 2013
43-86 Baltic Sea, Gdansk Bay, wet beach | Urban-Malinga, and Opaliriski 1999
10-50 Baltic Sea, Gdarisk Bay, dry beach Urban-Malinga, and Opaliniski 1999

sediments of other rivers presented in the
literature: the Steinen mountain stream in
The Black Forest in Germany (0.78-1.7 gO,
m2d! Table 1). On the other hand, the data
for the mountain course of the Neckar is an
order of magnitude higher (Table 1). One
should note that all the data quoted refer not
to sandy sediments but to sediments con-
sisting organic layer, where the intensity of
oxygen consumption processes is higher due
to the amount of organic matter. In this case,
water purification by microorganisms (mi-
crobenthos) is not possible, as they live on
organic material and rather release detritus
or dissolved organic matter than purify water
from these elements. The oxygen consump-
tion by the Vistula beach is similar to that of
the Baltic Sea beaches (Table 1), where the
same method of measurement was used.

3.2. Biotic and abiotic oxygen consumption
Oceanographers that conduct research on
oxygen consumption by seabed sediments
distinguished three categories of this con-
sumption: total oxygen uptake (TOC),
benthic community respiration (BOC) and
COD (chemical oxygen demand) which
constitutes the part of total consumption
that can be calculated after the addition
of formaldehyde to water samples (Smith
1978; see also Teal, and Kanwisher 1961;
Dale 1978; Boyton et al. 1981). In the re-
search on oxygen consumption by the
beaches of the Baltic Sea, Urban-Maling
and Opalinski (1999) changed this termi-
nology into total, biotic and abiotic oxygen
consumption due to the existence of an-
other meaning for the term “chemical oxy-
gen demand” used in research on sewage.
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Table 3. Consumption of organic matter by the Vistula River beaches.

Average annual biotic
oxygen consumption

Equivalent of organic
matter of oxygen

Average annual
organic matter

Average annual organic
matter consumption

per day consumption consumption per day | (g Ww m?y?)
(gm?d") (gWwgO,") (g Wwm?d")
0.083 9.37 0.78 284

Another type of abiotic oxygen consump-
tion is the photochemical processes occur-
ring in water, but they do not play a signif-
icant role in the total oxygen consumption
(Lindell, and Hakumant 1994). In this study,
the aforementioned processes were elimi-
nated by putting flasks, in which oxygen con-
sumption was measured, in the dark place.

In the Vistula River beach, the abiotic ox-
ygen consumption varied from 47.7% of the
total oxygen consumption up to 100% in
several months. There is insufficient data on
abiotic oxygen consumption by sediments,
Puczko (2013) states that the abiotic oxy-
gen consumption by the Vistula beach con-
stitutes of 40-67% of the total oxygen con-
sumption. The values obtained in the results
of this study coincide with the one of Puczko
(2013) but are higher than the values con-
cerning the Baltic Sea beaches (Table 2).

3.3. Goods and services of the Vistula River
sandy beaches

Oxygen consumption by the Vistula River
beaches is simply the respiratory processes
of psammon living in these beaches. The
oxygen consumed in the respiratory pro-
cess is used to oxidize the organic matter
eaten by psammon. Thus, based on the
amount of oxygen consumed by the Vistula
River beaches, one can calculate how much
organic matter, in this case, the organic
fraction of pollutants carried by the Vistula
River (mainly communal sewage), was eat-
en and converted into carbon dioxide and
water as a result of cellular combustion. Ka-
jak (1998) states that the consumption of 1
g of oxygen in respiratory processes corre-
sponds to the oxidation of 0.937 g of dry or-
ganic matter and 9.37 g of wet organic mat-
ter. So, 1 m? of the Vistula beach between
2009-2013 consumed on average 0.78 g of
wet organic matter per day, which gives an

annual result of over a quarter of a kilogram
(284 g) of organic matter (Table 3).

The Vistula beach La Playa, where the
study was conducted, is about 250 m long
and 5 m wide, so its area can be estimated at
1250 m?. On this basis, it can be calculated
that this beach removes from the riverine
water more than 1/3 tonne of organic mat-
ter per year (1250 m?* time 284 g Ww per
m? per 365 days = 355 kg). To remove 1 kg
of organic matter from communal sewage
in a BIOSET type sewage treatment plant,
2.2 kWh of electrical energy is required
(Myslinski 2011). 1 kWh of electricity costs
PLN 0.354 (RWE Polska, G11 schedule for
2013), i.e. for the disposal of 1 kg of organ-
ic matter one should pay PLN 0.78. So, La
Playa beach performs a “service” of disposal
of 355 kg of organic matter per year, which
is worth PLN 277. These PLN 277 per year
are “goods and services of the ecosystem”
(understood as in Constanza 1999; Con-
stanza et al. 1997; Czech2002; Westawski et
al. 2006), so a tangible value of this stretch
of a beach of the Vistula River in the mid-
dle of the city, and only “ecological” value,
meaning a natural sewage treatment plant
for the Vistula River, as one could still cal-
culate its value as a place of recreation and
rest (Westawski et al. 2006; Andruszkiew-
icz, and Szeligiewicz 2011).

Therefore, La Playa beach is 250 m long
and 5 m wide, free, no waste, “sewage treat-
ment plant” of the Vistula River. For this nat-
ural treatment plant to operate, it is neces-
sary to protect the beaches and sandbanks
which means that no regulatory measures
should be taken on the river. The regulation
will cause water quality in the river to dete-
riorate. To preserve the current state of the
Vistula waters, it would be necessary to build
additional sewage treatment plants, which
involves significant additional costs.
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