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INTRODUCTION

The different types of sewage from point and 
dispersed sources have impact on the majority 
of water bodies. The intensifying anthropogenic 
pressure increases the amount of allochthone 
substances transported with sewage [Babko et 
al. 2016]. It changes the conditions of existence 
of protozoa, bacteria [Wakelin et al. 2008] and 
fosters other microorganisms; as a result, nutri-
ents are provided for numerous invertebrate spe-
cies [Gücker et al. 2006]. Wastewater discharge 
points cause pollutant accumulation and reduce 
the resistance of aquatic ecosystems [Gücker 
et al. 2006]. Discharging sewage to a river fre-
quently contributes to the processes that lead to 

a reduction of the dissolved oxygen content or 
local anoxia [Spänhoff, et al. 2007, Wakelin et 
al. 2008, Pliashechnyk et al. 2018]. Usually, the 
trophic status of reservoirs changes locally under 
the influence of influent wastewater [Smith et al. 
1999]. This, in turn, changes the aquatic bioceno-
sis [Wright et al. 1995, Kominkova et al. 2005, 
Carter et al. 2006, Gorzel and Kornijow 2007]. 

Environmental monitoring consists in as-
sessments, studies and forecasts of the condi-
tion of natural or artificial environment, which 
may then be used for localizing, preventive and 
remediatory actions as well as aiding in the deci-
sion-making process. Its main function involves 
acquiring the information on various pollutants, 
determining the unfavorable changes occurring in 
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ABSTRACT
The surface water quality assessment could be based on a combined physical and chemical analysis, but it could 
also be determined with bioindication methods. Classical physicochemical analysis is in most cases more expen-
sive and time-consuming than the bioindication methods. This type of analysis also requires expensive equipment 
and shows the situation in the water only at the moment of sampling. Although the bioindication methods are often 
complicated, they allow a relatively inexpensive estimation of the water quality. Moreover, during their implemen-
tation, the substances harmful to the environment are not generated, and the obtained results usually reflect the 
total interaction of all factors and substances to the analyzed living organisms. Indicator organisms or their com-
munities applied to the research, with identified ranges of tolerance to selected factors, could help to determine the 
physical and chemical parameters of water. This paper presents a bioindication study with an effect of stormwater 
system on the receiver – the Bystrzyca river, in Lublin, Poland. The level of saprophyty of the river sector was 
calculated based on the selected species of algae (diatoms and green algae) and the influence of the stormwater 
discharge on the communities of these organisms was determined.

Keywords: surface water quality, stormwater, bioindication, algae, saprobity



53

Journal of Ecological Engineering  Vol. 20(6), 2019

the environment, evaluating their extent, as well 
as observing the reaction of living organisms to 
these changes and pollutants.

Assessment of the quality of still and flowing 
waters, including both natural and anthropogenic 
watercourses, can be carried out on the bases of 
two main methods. The first involves the analy-
sis of the results pertaining to physicochemical 
studies of water samples collected from conclu-
sive and characteristic points. In turn, the other 
method is based on determining the water qual-
ity using bioindication techniques. The physico-
chemical analysis is usually relatively expensive 
and time-consuming; it also often requires costly 
equipment. This type of analysis shows the situ-
ation and conditions in water only at the moment 
of sample collection. Biological monitoring is of-
ten considered as supplement of chemical moni-
toring. However, it should be noted that chemical 
monitoring does not ensure complete control of 
the environment state due to the diversification of 
pollutants and the related difficulties connected 
with their investigation. Biomonitoring involves 
cyclic observations and studies of the reaction of 
indicator organisms or assemblage structure to 
the changes in the natural environment in order to 
evaluate this environment as well as its properties 
and characteristics [Gorzel and Kornijow 2007; 
Babko et al. 2016; Gorzel et al. 2018].

The biotic indices usually are sensitive to or-
ganic pollutants [Gray and Delaney 2010]. Sapro-
bity is a sum of all organic matter decomposition 
processes and an indicator providing information 
on water purity [Libudzisz et al. 2007]. Bioindica-
tion employs indicator organisms, on the basis of 
the presence or absence of which water quality can 
be determined. [Sladeczek, Iliopoulou-Georguda-
ki et al. 2003, Łagód et al. 2007, Chomczyńska 
et al. 2009]. Good bioindicators are characterized 
by the following properties: short life, enabling 
adaptation to short-term changes in the environ-
ment, abundance and ease of sample collection 
for analyses, sedentary nature, specific range of 
response to particular ecosystem changes [Desro-
siers et al. 2013, Li et al. 2010].

Although the bioindication methods are also 
time-consuming and complex, they enable a 
relatively inexpensive assessment of the aquatic 
environment condition. The obtained results usu-
ally reflect the total impact of all substances and 
factors that are detrimental to living organisms. 
The saprobity value increases along with wa-
ter pollution. It can be determined on the basis 

of observations and investigations of indicator 
organisms which were distinguished in particu-
lar saprobic zones with assigned saprobity val-
ues [Kolkwitz and Marsson 1908, Kolkwitz and 
Marsson 1909, Kolkwitz 1950]. It enables to clas-
sify a given water body to a specific class of water 
purity. Various organisms are used as indicators 
[Sladeček 1973, Wright et al., 1995, Iliopoulou-
Georgudaki et al., 2003, Żbikowski et al. 2007].

Algae are often used as bioindicators, due to 
their presence in various waters and relative ease 
of identification. They enable biological evalua-
tion of water quality as well as reflect the physi-
cochemical changes in the conditions occurring 
in aquatic ecosystems. The response of individual 
species and entire assemblages to different fac-
tors, e.g. heavy metals, pH, nutrients and other 
physicochemical parameters indicates the condi-
tion of the environment [Lane and Brown 2007, 
Żbikowski et al. 2007, Desrosiers et al. 2013].

MATERIALS AND METHODS

The biofilm samples from the Bystrzyca 
river were collected in the summer months. The 
Bystrzyca river is one of the largest rivers of the 
Lublin city. Its tributaries include Krężniczanka 
(west), Czerniejówka (South) and Czechówka 
(North-east). The total catchment area of Bys-
trzyca amounts to 1315.5 km2, while its total 
length equals 74 km, out of which 22.5 km is 
found within the city limits. The river pollution 
was allocated to III and IV water purity class 
[Adamiec 2008].

The collection of biofilm samples was carried 
out in three locations which were spread 0.5 km 
apart: 1 – before the stormwater inflow, 2 – at the 
stormwater outflow, 3 – at the full mixing loca-
tion of river water and stormwater. The samples 
were taken using a metal blade from submerged 
concrete slabs. The study material was detached 
using a cover slip and placed in 250 ml plastic 
bottles filled with the water from a given point to 
the half of their capacity. The collected biological 
material was taken to the laboratory at the Facul-
ty of Environmental Engineering of Lublin Uni-
versity of Technology, in vivo preparations were 
produced from each sample and observed using 
bright-field microscopy.

Saprobity were calculated on the basis of the 
abundance of 12 algae species [Kolkwitz and 
Marsson 1908, Kolkwitz and Marsson 1909, 
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Kolkwitz 1950, Sladeček 1973], presented in Ta-
ble 1. Saprobity was calculated using the Pantlie 
and Buka system and formula [Pantle and Buck 
1955; Pantle 1956], as modified by Konstantinov 
[Konstantinov 1979]:

	    𝑆𝑆 = ∑𝑠𝑠𝑖𝑖∙ℎ𝑖𝑖
∑ℎ𝑖𝑖

     (1) 	 (1)

where:	S – saprobity,
	 si – value of saprophyty of i-th species,
	 hi – abundance of i-th species.

The data on the abundances of species were 
processed using R Version 3.6.0 [R Core Team 
2019]. In order to assess the significance of pair-
wise differences between points analysis of vari-
ance (ANOVA) and post-hoc Tukey HSD (Hon-
estly Significant Difference) test was performed 
with functions aov and TukeyHSD, respectively, 
in the R package stats. Plots were produced with 
the R package ggplot2 [Wickham 2009].

RESULTS AND DISCUSSION 

The impact of surface stormwater runoff on 
the state of natural water bodies is most pro-
nounced in human settlements. Today, in cities, 
most of the surface runoff is collected in a storm-
water system, and in natural reservoirs comes in 
the form of point sources. The surface runoffs are 
not always cleaned. The most common method 
of purification is sedimentation or separation pro-
cesses whose main purpose is to clarify drains, to 
reduce the content of suspended matter in them.

The influence of stormwater runoff on surface 
water, in contrast to point sources such as dis-
charges from factories and municipal wastewater 
treatment plants, is in most cases not so clear and 
significant. At the same time, if there are many 
recent works related to the influence of munici-
pal wastewaters [Babko et al. 2016; Pliashechnyk 
et al. 2018, Majerek et al. 2019], then there are 
much fewer works related to the impact of storm-
water runoffs.

Bioindication was conducted against the 
background of water quality assessment using 
chemical indicators such as BOD5 and COD. In 
the literature, there is a some of works relating 
to the assessment of water quality in the Bystrzy-
ca river within the city of Lublin [Jaromin et al. 
2012; Grzywna et al. 2016; Gorzel et al. 2018]. 
According to literature reports, the water quality 
studies in Bystrzyca conducted in 2016 indicated 

that in the segment below the Zemborzycki Lake, 
BOD5 reached the average value of 7.36 mgO2/l 
at coefficient of variation of 10% [Grzywna et al. 
2016], which is similar to the value obtained in 
this study. Slightly lower BOD5 values were ob-
served by Gorzel et al. in the study on the Bys-
trzyca river tributaries, which was conducted in 
2003-2004; the mean BOD5 values reached the 
level up to 6.1 mg O2/l [Gorzel et al. 2018]. In 
turn, on the basis of the research on chemical in-
dicators determining the quality of water in the 
Parczew forests catchment area, the reported 
COD value in the summer period reaches 63-191 
mg O2/l, while BOD5 – 7-19 mg O2/l. Simulta-
neously, it was observed that COD assumes the 
highest annual values in summer, whereas BOD5 
– in spring (slightly lower BOD5 values are not-
ed in summer) [Grzywna, 2014]. Similar values 
were observed by Janicka et al. [2017] while in-
vestigating the Bogdanka water course, in which 
the pollution level was rated as III-IV water pu-
rity class. The other work reported that the BOD5 
values ranged from 5 to 7 mg O2/l while COD 
reached 40-50 mg O2/l [Janicka et al. 2017].

High variability of chemical oxygen demand is 
connected with two cases related to the occurrence 
of relatively high COD values in storm water, 
equal to 170 mg O2/l, which may indicate a large 
amount of pollutants accumulated in stormwa-
ter, especially considering that it rained, presum-
ably contributing to washing the pollutants from 
the catchment and washing the substances in the 
drains. Additionally, as indicated in the literature, 
the storm waters, depending on the type and ap-
plication of drained urban area, transmit significant 
amount of pollutants, i.e. total suspension, nitrogen 
compounds, heavy metals and crude oil derivatives 
[Joshi and Balasubramanian 2010, Gasperi et al. 
2010, Jaromin-Gleń et al. 2012].

According to our measurements in point 1, 
BOD5 reached the value of 7.50 mg O2/l (stan-
dard deviation of 0.61 and coefficient of variation 
of 10%), whereas COD assumed the mean value 
of approximately 55.00 mg O2/l (standard devia-
tion of 6.47 and coefficient of variation of 17%). 
In point 2, i.e. storm wastewater discharge loca-
tion, mean COD values of 82.50 mgO2/l were ob-
served, with standard deviation of 41.86 and coef-
ficient of variation of about 60%, whereas BOD5 
reached 8.20 mg O2/l on average, with standard 
deviation of 0.58 and coefficient of variation 
amounting to 11%. In turn, in point 3 where full 
mixing of river and stormwater occurred, lower 
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COD and slightly higher BOD5 values were ob-
served, reaching 62.50 mg O2/l and 7.67 mg O2/l, 
respectively, which indicates a gradual return of 
water parameters to the state prior to wastewater 
discharge. The values of COD were characterized 
by 14% variability, which is much lower than 
in point 2. The variability of biological oxygen 
demand was similar (approximately 11%). The 
available research results pertaining to similar 
catchment areas indicate that the storm waste-
water was characterized by COD in the range of 
38-129 mgO2/l and BOD5 reaching 10-45 mgO2/l 
[Ociepa 2011]. These values are thus similar to 
the ones determined in point 2, as part of the in-
vestigations carried out as part of this work.

The effect of stormwater runoff on the river 
Bystrzyca (Lublin) was studied using bioindica-
tion method. The water quality was assessed based 
on the presence and abundance of algal species-
indicators from different systematic groups. The 
choice of the species-indicators did not depend on 
their systematic position, but was determined by 
their frequency of occurrence in the samples (the 
incidence is above 65%) (Table 1).

Figure 1 presents the mean values of saprobi-
ty index in particular points under investigation. 
It was observed that in point 2 (wastewater dis-
charge) the index value is the highest and reaches 
2.09. In turn, in point 3, where complete mixing 
of storm wastewater with river water occurred, 
the value of this index decreased, closing to the 
value in the reference (point 1), similarly as in 
the case of the results of physicochemical analy-
ses of river water. Generally, the quality of water 
in the considered part of the Bystrzyca river cor-
responds to the β-mesosaprobic zone. In general, 

the saprobity index reached the mean values be-
low 1.86.

The specificity of algae as indicators is deter-
mined not only by water quality but also by the 
photic conditions. One of the factors negatively 
affecting natural water bodies is actually an in-
crease in turbidity and the content of suspended 
matter. The decreasing of transparency usually 
leads to a decrease in the productivity of pho-
tosynthetics, which especially affects the green 
algae. The integral abundance of algae in the in-
vestigated points is shown in Figure 2. As can be 
seen from the figure, the maximum decrease in 
the number of algae was observed in the biofilms 
of the walls of the channel of the stormawter dis-
charge. The tendency of reduction in the abun-
dance of algae in the biofilms on the substrate was 
also kept after the runoff (Fig. 2).

As shown in Table 1, representatives of 6 sap-
robic groups are present among the species of al-
gae. The data on their quantitative representation 
reflect their response to the conditions formed 
at each point. First of all, the composition of the 
biofilm (periphyton) on the walls of the channel 
(receiver) of effluent was quantitatively dominat-
ed by representatives of α-saprobes. At the same 
time (Fig. 3A), their expected increase was ob-
served below the inflow of the runoff, compared 
to the control point 1, as well as the decrease in 
their abundance at point 3 compared to point 2 
(p<10-7); the differences between point 1 and 3 
are not significant (p>0.05).

β-saprobes were quite abundant in all ana-
lysed points and there were no significant dif-
ferences between points (p>0.05) in respect to 
the representatives of this group (Fig. 3B). This 
indicates that the conditions in the river and in 
the drain as a whole correspond to the level of 
the β zone. This explains the high abundances of 
β-saprobes at all points.

At the same time, the saprobic system for as-
sessing the quality of natural waters is very ap-
proximate and reservoirs with very different con-
ditions can get into the same saprobity zone. This 
is the result of the imperfection of the bioindica-
tion system due to the lack of detailed informa-
tion on the physiology of species-indicators and 
their tolerance intervals. 

On the other hand, at current stage, the ex-
press assessment according to the saprobic sys-
tem allows only approximate characterization 
of the system and the results correspond to a 
wide range of its real states. It is obvious that all 

Table 1. Algae species and their saprobic characteristics
Species Saprobity Index

Achnanthes lanceolata x 1.0

Cyclotella comta o-β 1.5

Microspora amoeba o-β 1.7

Nitzschia acicularis α 2.7

Pediastrum duplex β 1.8

Pinnularia microstauron o 1.2

Rhoicosphenia curvata β 2.0

Scenedesmus quadricauda β 2.0

Synedra acus β 2.0

Synedra ulna β 2.0

Tabellaria flocculosa o-x 1.1

Ulothrix tenuissima β 2.1
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representatives of oligo-, oligo-xeno and xeno-
saprobes did not disappear from the population 
of biofilms, but their number was critically low. 
At the same time, it is prominent that if beta-oli-
go saprobes, like beta-saprobes, were present in 
hundreds, then starting from oligosaprobes, their 
representation in the river was decreased to sev-
eral dozen (below 30 ind.·ml-1), and sporadic oc-
currences under runoff conditions (<10 ind.·ml-1).

In order to clarify the effect of wastewaters, 
we analysed the reaction of each of the pres-
ent saprobic groups at each of the points, un-
der, as was established, roughly β-mesosaprobic 
conditions.

Therefore, starting from beta-oligosaprobes, 
the situation regarding the quality of the environ-
ment at each of the points looks more differen-
tiated. Beta-oligosaprobes were diminished in 
quantity under runoff conditions (p<10-5) and had 
maximum development at point 1 (Fig. 4A). At 
point 3, their abundance was significantly lower 
compared to point 1 (p=0.02), but higher than at 
point 2 (p=0.015), obviously the effect of the run-
off and it subsequent dilution. 

The number of oligosaprobes at the runoff 
discharge point in comparison with the control 
point 1 decreased significantly (p<10-7), approxi-
mately by 6-7 times (Fig. 4B). At the same time, 

Figure 1. Values of saprobity at 
the studied sampling points

Figure 2. The total abundance of algae in 
biofilm samples at the studied points

Figure 3. Distribution of (A) α-saprobic and (B) β-saprobic species at points in the studied section of the river

A) B)
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the effect of runoff led to a twofold decrease in 
oligosaprobes abundances (p<0.0004) in compar-
ison with control point.

The reaction of oligo-xenosaprobes was not 
pronounced enough (Fig. 5A). Although their 
distribution among points corresponded to the 
general trend, nevertheless, their quantitative rep-
resentation at all points was fairly close (mean 
while differences between points 1 and 2 are sta-
tistically significant, p=0.015). It is quite possible 
that this is a signal to clarify the saprobic charac-
teristics of these species. At the same time, their 
low abundances show that β-saprobic conditions 
negatively affect their development.

The xenosaprobic species showed a clear re-
action to the runoff (Fig. 5B). All pairwise differ-
ences between points are significant (p<10-7). The 
abundance of xenosaprobes at the control point 
was approximately 5 times higher than in stock 
(p<10-7). In turn, the effect of runoff on point 3 
was expressed as the twofold reduction of xeno-
saprobes in the periphyton at point 3, compared to 
the control one.

The situation with the development of oligo, 
oligo-xeno and xenosaprobes looks quite logical 
from the point of view of the influence of drains. 
Therefore, the abundances of all the above-
mentioned groups at point 1 had the maximum 

Figure 4. Distribution of (A) beta-oligosaprobic and (B) oligosapro-
bic species at points in the studied section of the river

Figure 5. Distribution of (A) oligo-xenosaprobic and (B) xenosapro-
bic species at points in the studied section of the river

A) B)

A) B)
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values (Figs. 4B, 5A, B). At the same time, their 
abundance in conditions of runoff reached a 
minimum. The presence of these species at all 
points indicates that they can tolerate the beta-
saprobic conditions; however, on the other hand, 
they demonstrate a more subtle response within 
this roughly speaking saprobic zone, which en-
ables a more detailed assessment of the level of 
environmental pollution.

CONCLUSION

The paper presents the results of bioindica-
tion studies pertaining to the influence of storm 
sewerage on the recipient, i.e. Bystrzyca river, in 
the area of Muzyczna street in Lublin, Poland. 
The obtained results of studies confirm the influ-
ence of storm water on the recipient waters, i.e. 
Bystrzyca river. The substances and pollutants 
transmitted to the river along with storm water 
noticeably impact the assemblage structure of the 
algae found in the river waters.
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