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PONDS SYRENIE STAWY IN SZCZECIN - CHANGES
OF SELECTED WATER QUALITY CHEMICAL INDICES

SYRENIE STAWY W SZCZECINIE - ZMIANY WYBRANYCH
CHEMICZNYCH WSKA ZNIKOW JAKO SCI WODY

Abstract: The possibility of using - to a wider inferencevater quality test results of stream Osowka flowing
through ponds Syrenie Stawy in Szczecin (NW-Poland) particular the concentration of dissolved gewy
(DO), electrical conductivityC) and the total concentrations of nitrogdiNY and phosphorus'P) - conducted

in the years 1994 to 2014 was analyzed. The exahiimdices were classified according to Official i8tards
currently in force in Poland. Changes of water tyals it flows through the ponds were identifiddultivariate
linear regression equations were calculated, eimdpatatistically significant relationship betwesmccessive test
indicators i) and other indices) and deadlines for measurement pericds{as been made. This allowed in
general to characterize water quality, determireeghality changes along the path of flow throughdsoand
discern what processes biohydrogeochemical witienetosystem changes affected their quality.

Keywords: EU Water Framework Directive, artificial resensirwater quality, physical indices, chemical
indices, ponds Syrenie Stawy, Szczecin

Introduction

Research on changes in water quality of streamsirftp through lakes and ponds in
urban areas, become in recent years - due to theoemental significance of these water
bodies in cities- become a subject of many studidsich are presented in leading
ecological journals [1-7].

In the current official regulations for testing theality of surface waters in Poland [8]
the surface water quality is determined on a sfral® | to V class based on the inferior
status: ecological and chemical. The ecologicdlsta determined primarily on the basis
of biocenoses in the audited water pond and itsphmmetric characteristics, and as
auxiliary agents are taken into account a few setbphysicochemical water quality indices
whereas chemical status - based on the resultgasumements of toxic substances in water
specified in the above-mentioned legal act.
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As for physicochemical indices in the case of iitif water reservoirs in evaluating
the ecological state need to be marked - mandatotige following indices: water
transparency, the concentration of dissolved oxy@#D), electrical conductivity of 20°C
(EC), the concentration of total nitrogefi) and the total phosphorus concentratioR)(
Limit values - for evaluating the quality grade feach of the above indices are given in
Annex 2 to the Regulation [8], while in the regidat are only the limits between
I-1l classes (in total) and Ill and the inferior tsaquality classes - even together.

The aim of this work was not to discern whetherrdsults determinations such a small
number of so-called supporting physicochemical dedi (1 physical - transparency and
4 chemicals DO, EC - as a measure of salinity aidN, TP) - can be the basis to the
appropriate to apply for water quality artificialréace water reservoir. The aim of this
study was to analyze whether the measurement sesfulhese four water quality indices of
stream Osowka flowing through ponds Syrenie StamySrczecin during certain time
periods (usually two-year) in long time period frd®94 to 2014, enable understanding of
what changes the water quality occurred from 19942@14, as well as what was the
effectiveness of this ecosystem as a dischargebahogical ponds and understanding the
processes of bio-hydro-geo-chemical changes wiifebtad the quality of water as it flows
through ponds Syrenie Stawy.

Ponds Syrenie Stawy characteristics

Ponds Syrenie Stawy in Szczecin are located in sarédeam Parks
Kasprowicz-Arkonski” - constituting a new form oétare conservation in Poland - in the
NW part of the city of Szczecin (53°27'26 “N, 14°38" E, elevation of the water surface
16.40 m a.s.l.) (Figs. 1 and 2). Ponds Syrenie Btaare created after adjusting of the
stream Osowka bed which was performed in the sebalfdof the nineteenth century to
retention of high water of precipitation water fiogy down stream Osowka. In subsequent
years, ponds Syrenie Stawy have also become résethat collect rainwater from the
streets of the city, and then to the Ponds waseviiadm industrial plants were discharged,
as well as periodically from slurry ponders. Inpépollutants has been reduced in the late
90s of the twentieth century. Mermaid ponds areersgsrs with a small area (pond
No. 1 - approx. 0.15 ha, pond No. 2 - approx. h@5pond No. 3 approx. 0.12 ha, pond
No. 4 - about 0.10 ha - a total of approximatelislha) and a maximum depth of 2.0 m.
Water of stream Osowka flows sequentially througings No. 1, No. 2 and No. 3.
Pond No. 4 is not a flow pond.

Ecosystem of ponds Syrenie Stawy was often te§thd.results of hydro-chemical
studies of ponds water, among others were presefiedthe example in works:
Miller et al [9] and Poleszczuk et al [10], and tlesults of microbiological studies in works
Deptula, Nahurska [11] and Sliwa-Dominiak and Dé&pf@2].
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Fig. 1. Ponds Syrenie Stawy in Szczecin (NW-Poland)
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Material and methods

Water samples from the ponds Syrenie Stawy wasaeli once a month in the years
1994-2014. Water was drawn from the surface layerm( a depth of 20-25 cm) at
a distance of about 2.5 m from the shore in tha afestream Osowka water inflow to the
pond No. 1 (Station No. 1) and in the water outflamga of from the pond No. 2 (Station
No. 2). In collected water samples, usually, exatiims of around 25 physicochemical
water quality indices were performed. All assaysrevdone according to procedures
recommended by the APHA [13]. In this publicatioa used the results 8O, EC, TN and
TP in accordance with Regulation [8]. Results of sesh realized in 1994 (April to
December) and 1995 (January to December), andeitygars 1999 and 2000 (January to
December), as well as in the years 2006 and 2@6ih (April to November) and 2014 year
- from January to December - were used. The alimespieriods of sample collection were
not chosen at random. In particular, in 1994-1986ds Syrenie Stawy were collecting
container - albeit declining gradually - a sigrdfit amount of industrial wastewater and
wastewater with slurry ponder and probably the alted “wild” wastewater discharges, in
1999-2000 - after reducing the (at least formallgischarge of different wastewaters into
ponds Syrenie Stawy, while in 2006-2007 - after ibgulation of sediments in 2003 and
finally in 2014 - after more than two years (2010t2) of hydrotechnical works, involving,
inter alia, the removal of macrophytes, the dreggifireservoirs and strengthen fascine of
shores.

In order to assess a statistically significant elation between subsequent examined
indices multivariate linear regression equationsefjuentially engaging the relationship
betweerDO, EC, TN andTP and so-called temporary factoi, (wherei = 1 ... 4) assigned
to each of specified time intervals also were dated [14]:

Y, =ao+Zn:a>q +Zn:hTi +SEE
i=1 i=1

where:y; - response function - in this case the followingiaepns, in turn all examined
water quality indicesie DO, EC, TN and TP, X, - further examined water quality indices
after excluding one of the indicators as a functidmesponsey, SEE- standard error of

estimation.

The equations were determined for numerical vatifiesxamined indicesl; parameter
values recorded in the database as code (1.0)igléutegression equations were calculated
using the method and connecting stepper regegriori (Forward) using the rejection
criterion variable sequential test Fisher-Snedécer4 [15].

Results

The results are presented in the form of the $tzlscharacteristics of the data sets for
the years 1994-1995, 1999-2000 and 2006-2007 abdl 2@ shown in Table 1, and all the
measurement results are shown in Figures 3 amdteldiagrams in Figures 3 and 4 shows
in the form of continuous lines parallel to tkexis limits other parameters dividing the
results into one, which had a magnitude considéredl class and such - that had to be
classified as Il and inferior quality (according Regulation [8] Annex No. 2 - for
Schindler’s coefficient of 3.50).
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Fig. 4. Total nitrogenTN) concentrations and total phosphori®)(concentrations measuring results
for ponds Syrenie Stawy in years 1994-2014 in inf{®) and outflow &). Marks as in Figure 1

Figures 5 and 6 shows thdifferencesA(DO), A(EC), A(TN) and A(TP) between
the values of studied parameters at the outflovati®@t No. 2) and inflow (Station
No. 1) to/from ponds Syrenie Stawy. Calculated eddhces illustrate the changes
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in an approximate way - because we did not haveedisnent as to the retention time
of water in the ponds.

Table 1
Statistical characteristics of data sets - infl@tafion No. 1) and outflow (Station No. 2) waters
to/from ponds Syrenie Stawy

Station No. 1
Water quality indices| Descriptive Years
[units] statistics 1994-1995 1999-2000 2006-2007 2014
DO Mean £SD 8.5+34 6.0+2.1 41+42 39+3.1
[mg O, - dni?| Range 3.4-17.6 4.1-12.5 0.2-16.4 0.3-9.5
Ccv 0.40 0.34 1.05 0.80
EC Mean +SD 312 +£160 430 + 140 366 + 68 374 +82
[uS- ont] Range 135-720 160-770 259-476 179-489
Ccv 0.52 0.33 0.18 0.22
™ Mean £SD 3.70+£2.70 1.52+0.61 1.16 + 0.81] 1.40+1.10
[mg N- dn Range 0.80-10.80 0.84-2.60 0.25-2.46 0.28-3.00
CcvVv 0.74 0.40 0.70 0.79
™ Mean +SD 1.05+0.98 0.46 +£0.12 0.61 +0.33 0.56 +0.19
[mg P dnT Range 0.10-4.10 0.26-0.75 0.10-1.46 0.33-0.88
CcVv 0.94 0.26 0.55 0.35
Station No. 2
Water quality indices| Descriptive Year
[units] statistics 1994-1995 1999-2000 2006-2007 2014
DO Mean +SD 8.3+4.7 6.0+2.4 57+23 5.6 +2.7
[mg Os - dn?| Range 2.0-23.8 3.4-13.5 2.8-11.0 2.6-11.5
CcvVv 0.57 0.40 0.40 0.47
EC Mean £SD 350 + 250 472 £ 150 392+ 73 431 + 160
[uS- e Range 160-1035 194-795 283-496 143-748
CcVv 0.72 0.32 0.18 0.36
™ Mean +SD 3.80 £ 2.90 1.52 +0.43 1.10 + 0.86) 0.94 +0.97
[mg N- dnT Range 1.30-10.80 1.04-2.54 0.24-3.05 0.23-3.16
CcVv 0.76 0.28 0.78 1.03
™ Mean £SD 0.90+1.20 0.40+0.24 0.47 £ 0.38 0.35+0.3p
[mg P- dn ] Range 0.03-4.20 0.08-1.18 0.06-1.30 0.05-0.94
Ccv 1.44 0.59 0.82 0.86

DO - dissolved oxygert.C - electrical conductivityTN - total nitrogen;TP - total phosphorus

In turn, Table 2 shows the results of calculatidrcoefficientsay, a andb; in the
equations of the linear multivariate regressiori@siog the relationship between the values
of the following water quality indicey;§, and the values of other measured indiggsafd
research termsT() for selected time intervals to the study. The parson of data in Table
3 shows that the biohydrogeochemical processesdggiiace in the area of inflow and
outflow of water of stream Osowka to / from pongsehie Stawy were largely varied.

Discussion

Because the submitted data were selected so asdblé to analyze changes in water
quality at different times in conditions of diffeteanthropopressure, it was possible to
attempt on their basis to discern, respectivelyhatawas happening in the waters stream
Osowka flowing through ponds Syrenie Stawy in 19995, in the period of significant
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waste water pollution, then in 1999-2000 - aftetueng the discharge of pollutants and
later in 2006-2007 - after the refulation of sedmsein 2003, and in 2014 - after an
extensive hydrotechnical works in 2010-2012.

From the analysis of changes in water quality ieglilm subsequent intervals (Figs. 3
and 4), follows that the values &0, EC, TN and TP in the tested waters for selected
periods in the years 1994 to 2014 showed a speddi@tion, and - judging by criteria
specified in the Regulation [8], which for obviousasons in assessing the back - the
concentration oDO have a value corresponding to the I-Il class watality, with the
exception of the results from 2006-2007 and 20&drresponding to the third and inferior
class of quality, thé&eC - match almost always I-ll class water qualityncentrationTN -
gradually decreased, keeping up - except for tlaesy&994-1995 - in I-Il class of quality
and the concentration GfP - were exceptions corresponding class Ill andriofewater
quality, especially in the 1994-1995 and in 1998e8e changes were synchronized with
changes in the type and size of anthropopressumanges of the pollutant inflow,
hydrotechnical works) exerted on the ecosystem.r&lvethe value of all four indicators
analyzed in periods of research indicate thatektetl waters were eutrophic [16].

Table 2
n n
The values of coefficients, & andb; for a statistically significant equationg =a, + z ax + z bT +SEE
i=1 i=1

showing dependence of the successive values oésipense function fdpO, EC, TN andTP from the remaining
3 out of 4 of water quality indices and termgsie selected periods of research in 1994-2014

Station No. 1
! ! ! . Model fitting
Vi ao & for x; bi for Ti coefficients
X1 X2 X3 Xa Tx T, Ts T4 R®> | SEE
0.81 . | —0.040] 1.130 . -1.06 | .
PO 1515 ) +0.110| +0.100| +0.22 081 0.86
EC | 344+19 - * - * -* - * 84+32 - * -* 0.27| 13.0¢
-0.94 | , | 0.001 0.843 | 062 | 118 | .
™ +0.38 +0.001 +0.069 | #0.32 | +0.37 077 0.93
1.34 . | -0.001| 0.844 . | 097 | .
™ +0.34 +0.001 | +0.056 +0.24 077 091
Station No. 2
, ! ! : Model fitting
Vi ao a for x bi for i coefficients
X1 X2 X3 X4 T1 To T3 Ta R2 SEE
0.004 | . 303 | . .
DO | 4.1£1.0 +0.002 +0.85 0.34 | 3.19
EC | 389448 12+6 -* - 1464501 - * —64+54 -* 0.28 | 17.55
—-0.69 | 0.071 . 0.781 | —0.53 | 0.59 . .
™| 4036 | +0.04a| - +0.098 | +0.44 | +0.59 ) 053 118
1.06 | -0.072] , | 0.620 166 | N I
Le +0.28 | £0.039 ] +0.072 +0.30 063 1.05

Values of ap, & and by are statistically significant at the level 0.05 & > 0.10; x; - DO
[mg O; - dni3; x3 - TN [mg N - dni3; Ty, T, Ts, T4 - @ measurement intervals - respectively: 19945199
1999-2000, 2006-2007, 2014; - EC [US - cmiY]; x4 - TP [mg P - dnT; * - lack of coefficients at the
significance levek < 0.05
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In the years 1999-2000 specific changes in stuifidites, and in fact no significant
changes in all tested indices showed that the p@&wenie Stawy were at that time
self-cleaning pond. A low values &fO - water were significantly hypoxic - demonstrate
that intensive oxidation of organic took placetie ecosystem, which was accompanied by
the release to the water sufficiently high amowfitsiinerals EC increase), as well as some
amount of the phosphorus compoun@B {ncrease).

In the years 2006-2007 and 2014, after dredgingtrals Syrenie Stawy in 2003 and
hydrotechnical works in 2010-2012, from the bott@adiments has been released
significant amounts of various substances, whickvislenced by a specific variation of
virtually all the tested quality indices.

On the basis of the differences between the vampadity indices outflow and inflow
from/to ponds Syrenie Stawig 4(DO), 4(EC), 4(TN) andA(TP) in subsequent dates of
measurement - despite the fact that these diffesemere determined in an approximate
way, due to the lack of knowledge of retention tiofewater in ponds Syrenie Stawy - it
could be established that valuesA4¢bDO) 1994-1995 grew and fell irregularly, and since
2006 increased practically constantly. The valu¢gC) and A(TN) after a period of
significant volatility in 1994-1995 - stabilizedspecially since 2006. On the other hand,
values of4(TP) - usually decreasing in 1994-1995 and 1999, sRQ®0 were practically
stable, which means that despite adverse chandke studied parameters of water quality
- by increasing the efficiency of processes of-pelification in the pond.

After determining the statistically significant dfigients in the equations of the linear
regression multivariate (Table 2) could ascertdiat ta specific statistically significant
correlations reasons to suggest that the increaggenation of water in the zone flow was
associated with reproduction of phytoplankton bissnatimulated sufficiently with high
abundance of water in the Pond no. 1 in a phosghmympounds. Previously demonstrated
[9], that water of stream Osowka above the pondery Stawy contained very little
phosphorus compounds (detectecds&PandTP). It also showed a strong correlationTdd
andTP in the ponds (inflow and outflow), which demongtrtéhe persistent of a significant
amount of organic matter with a relatively stalgtizmolar ratios oN:P in the water. The
dependence d&C andDO in the area of the outflow waters shows that pgees of organic
matter mineralization in the ecosystem were re$ggygtintensive.

Conclusion

On example of ponds Syrenie Stawy in Szczecinstbdeen shown that the conducted
analysis of the functioning of ecosystems flow-poixhsed on the results of multiannual
examinations on the inflow and outflow of waterftoi the pond water quality indices
such a®DO, EC, TN andTP, studied as assist-indices in determining thecgpchl status of
surface waters - it may be somewhat helpful toatischanges in the multiannual period
and to identify the parts of the biohydrogeocheigracesses involved in shaping water
quality in selected ecosystem ponds.

References

[1] Wu Q, Xia X, Li X, Mou X. Impacts of meteorologicaariations on urban lake water quality: a senisjtiv
analysis for 12 urban lakes with different trophétates. Aquat Sci. 2014;76(3):339-351. DOI:
10.1007/s00027-014-0339-6.



Ponds Syrenie Stawy in Szczecin - changes of selegater quality chemical indices 95

[2]

(3]

(4]

(5]

(6]

(71

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Tu J. Spatial variations in the relationships betwéand use and water quality across an urbanizatio
gradient in the watersheds of northern Georgia, U%hviron Manage. 2013;51(1):1-17. DOI:
10.1007/s00267-011-9738-9.

Singh SK, Singh P, Gautam SK. Appraisal of urbake lavater quality through numerical index,
multivariate statistics and earth observation da&s. Int J Environ Sci Tech. 2015;1-12. DO
10.1007/s13762-015-0850-x.

Ismail NS, Dodd H, Sassoubre LM, Horne AJ, Boehm, ABthy RG. Improvement of urban lake water
quality by removal of Escherichia coli through thetion of the bivalve Anodonta californiensis. Bowi
Sci Tech 2015;49(3):1664-1672. DO1:0.1021/es5033212.

Klimaszyk P, Rzymski P, Piotrowicz R, Joniak T. @dution of surface runoff from forested
areas to the chemistry of a through-flow lake. Emvi Earth Sci. 2014;73(8):3963-3973. DOI:
10.1007/s12665-014-3682-y.

Azizuddin AD, Ali NAM, Tay KS, Abas MRB, Simoneit B. Characterization and sources of extractable
organic matter from sediment cores of an urban (@ksik Perdana), Kuala Lumpur, Malaysia. Environ
Earth Sci. 2014;71(10):4363-43700I: 10.1007/s12665-013-2830-0.

Rzymski P, Niedzielski P, Klimaszyk P., PoniedZal Bioaccumulation of selected metals in bivalves
(Unionidae) and Phragmites australis inhabiting anigipal water reservoir. Environ Monit Assess.
2014;186(5):3199-3212. DOI: 10.1007/s10661-013-3810

Journal of Laws of the Polish Republic. The Ministdf Environment - 22 October 2014. On the
classification of the status of surface waters andironmental quality standards for priority subses
(DzU 2014, poz. 1482). http://isap.sejm.gov.pl/Dis&erviet?id=WDU20140001482.

Miller T, Tokarz M, Poleszczuk G. Stream OsowkaSirczecin - chemometric analysis of water quality
indices in winter season. Acta Biol. 2014;21:91-10tp://www.wb.usz.edu.pl/attachments/article/657/
6-Miller.pdf .

Poleszczuk G, Wawrzyniak W, Miller T, Tokarz M, @asowicz A, Adamczyk D. Syrenie Stawy in
Szczecin - a comparison of the quality of watersttia winter and spring in 1994-1995, 1999-2000,
2006-2007 and 2014. In: Wawrzyniak W, Zaborowskie®@itors. Ecology of Borderlands. Monography.
Gorzow WIkp.-Poznan: IBEN; 2014;122-137. DOI: 101468/2.1.2179.2006.

Deptula W, Nahurska ASanitary studies on water of selected lakes in &6z Polish J Environ Stud.
2004;13(6):693-702. http://www.pjoes.com/pdf/13986702.pdf.

Sliwa-Dominiak J, Deptula W. Bacterial flora of watoriginating from Syrenie Stawy municipal lake
in Szczecin. Polish J Environ Stud. 2009;18(3):465- http://www.pjoes.com/pdf/18.3/455-466.pdf.
Standard methods for the examination of water aadtewater: American Public Health Association.
Washington: APHA; 1992.

Halstead JA, Kliman S, Berheide CW, Chaucer A, Csteb A. Urban stream syndrome in a small, lightly
developed watershed: a statistical analysis of mettemistry parameters, land use patterns, andatatu
sources. Environ Monit Assess. 2014;186(6):339143DDI: 10.1007/s10661-014-3625-9.

Statistica for Windows. General Conventions and tiStes. Tulsa: StatSoft; 1994.
http://www.statsoft. pl/textbook/stathome.html.

Dojlido JR, Best GA. Chemistry of Water and Watelirion. New York: Ellis Horwood; 1993.



96 Gorzystaw Poleszczuk, Tymoteusz Miller and MatgtaZBokarz

SYRENIE STAWY W SZCZECINIE - ZMIANY WYBRANYCH
CHEMICZNYCH WSKA ZNIKOW JAKO SCI WODY

Wydziat Biologii, Uniwersytet Szczetski

Abstrakt: Analizowano maliwos¢ wykorzystania - do poszerzonego wnioskowania - ikym oznaczé
fizyczno-chemicznych wskaikéw jakaici wéd oznaczanych przy okteniu stanu ekologicznego wdd
powierzchniowych strumienia OsOwka przeplyyegich przez Syrenie Stawy w Szczecinie (NW-Polska),
tj. stezenie rozpuszczonego tlenD@), przewodnictwo elektrycznegdEC) oraz ogoélne stenia azotu TN)

i fosforu (TP) przeprowadzone w latach 1994-2014. Badane ki klasyfikowano wedtug standardéw
aktualnie obowizujacych w Polsce w przepisach gipwych. Oszacowano tak zmiany jakéci wod podczas
przeptywu przez stawy oraz obliczono réwnania rggriniowej wieloczynnikowej, ujmujce statystycznie
istotne zalenosci pomidzy kolejnymi badanymi wskaikami () i pozostatymi wskanikami () oraz
terminami okreséw pomiarowychTiJ. Pozwolito to ogodlnie scharakteryzofvgakos¢ wod, okrdli¢ zmiany
jakosci wzdhuiz drogi ich splywu przez stawy oraz pogzngakie procesy biohydrogeochemiczne zachodz
w ekosystemie wptywaly na zmiany ich jéko

Stowa kluczowe:Ramowa Dyrektywa Wodna, sztuczny zbiornik wodrskaj¢ wody, wskaniki fizyczne,
wskazniki chemiczne, Syrenie Stawy, Szczecin



