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Abstract: The effect of purified sewage discharge
from a sewage treatment plant on the physico-
chemical state of water in the receiver. The paper
presents changes in the contents of physicochemi-
cal indices of the Sudét stream water caused by
a discharge of purified municipal sewage from
a small mechanical-biological treatment plant
with throughput of 300 m*-d™' and a population
equivalent (p.e.) — 1,250 people. The discharge of
purified sewage caused a worsening of the stream
water quality. Most of the studied indices values
increased in water below the treatment plant. Al-
most a 100-fold increase in ammonium nitrogen,
17-fold increase in phosphate concentrations and
12-fold raise in BODjs concentrations were reg-
istered. Due to high values of these indices, the
water physicochemical state was below good. Sta-
tistical analysis revealed a considerable effect of
the purified sewage discharge on the stream water
physicochemical state. A statistically significant
increase in 10 indices values (BODs, COD-Mn,
EC, TDS, CI., Na', K*, PO,*, N-NH," and
N-NO,) as well as significant decline in the de-
gree of water saturation with oxygen were noted
below the sewage treatment plant. On the other
hand, no statistically significant differences be-
tween the water indices values were registered
between the measurement points localised 150
and 1,000 m below the purified sewage discharge.
It evidences a slow process of the stream water
self-purification caused by an excessive loading
with pollutants originating from the purified sew-
age discharge.

Key words: water quality, sewage discharge, pol-
lutants, environmental monitoring

INTRODUCTION

Proper management of water resources
and their quantitative and qualitative
protection are the major objectives of the
European Union Framework Water Di-
rective, which obliges the member states
to reach a good state of waters (WHO
1993, Council Directive 2000/60/EC).
Therefore, conducting the research fo-
cused on the effect of purified sewage on
water quality in receivers is one of many
tasks which must be realized to fulfil the
Accession Treaty obligations (Katek and
Piaskowski 2010), the way to utilize the
forming sewage sludge for energy gen-
eration (Werle and Wilk 2010, Roati et
al. 2012, Szaflik et al. 2014) and as a
secondary product for lawn fertilization
in the city areas (Bilgili and Acikgoz
2005, da Silva et al. 2014, Grabowski et
al. 2015). The main issue, in compliance
with the main assumptions of the Euro-
pean Union water policy, is sustainable
development of the member countries in
the area of political, economic and social
activities at simultaneous maintaining
the environmental balance and durability
of basic biological processes. According
to the water law, the area of Poland has
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been divided into water regions and ba-
sin areas which were characterized with
reference to the effect of human activi-
ties (Domagata et al. 2010, Kanownik
and Policht-Latawiec 2015) and eco-
nomic analysis of water use in view of
water services costs (Council Directive
2000/60/EC). It has been forecasted,
that establishing the permissible values
of pollutant emission and environmental
standards of their quality will lead to a
reduction of pollution at its source (Filus
2008, Sadecka et al. 2010, Jeli¢ et al.
2011, Coppens et al. 2015).

The changes of water quality in a
receiver caused by purified sewage dis-
chargetothesurface watersisaworldwide
problem (Cotman et al. 2001, Graham et
al. 2010, Scanes 2011, Policht-Latawiec
2012, Innaaectal. 2014, Makowska2014).
Water pollution is to great extend caused
by biogenic substances, which penetrate
to the aquatic environment with sewage
(Jozwiakowski and Marzec 2008, Panno
et al. 2008, Neverova-Dziopak and Cier-
likowska 2014, Karczmarczyk 2016).
The assessment of the state of water and
sewage management is made in order to
indicate the influence of sewage drain-
age from treatment plants on surface
water bodies (Piekutin 2008, Krélak et
al. 2011, Bueno et al. 2012, Kumar et al.
2012, Batkowski 2014).

Sewage discharge from small treat-
ment plants below 2,000 population
equivalent (p.e.) may negatively affect
surface water management and protec-
tion. Treatment plants should prevent
pollution and degradation of receiver
waters, protect and improve the state of
aquatic ecosystems to achieve the high-
est quality state, therefore ensuring that
the requirements of the Council Direc-

tive 91/271/EEC and the Framework
Water Directive 2000/60/EC.

The aim of the paper was determin-
ing the changes of water quality in the
Sudot stream caused by the discharge of
purified sewage from the mechanical-
-biological treatment plant with a
1,250 p.e. situated in Trojadyn village
near Krakow. The paper discussed the
values of pollution indices determined
in the sewage discharged from the treat-
ment plant and analysed its impact on the
change of physicochemical state of wa-
ter in the receiver. Moreover, the water
quality was assessed and the conditions
of fish life in the Sudét stream above and
below the place of purified sewage dis-
charge.

MATERIAL AND METHODS

Hydrochemical analyses were conduct-
ed in the Sudoét stream catchment from
March 2012 to February 2013. Water
was sampled on 12 dates (once a month)
in four measurement points (Fig. 1) situ-
ated: 50 m (point 1) and 150 m (point 2)
above the collector outlet and about
1,000 m (point 3) below the purified
sewage discharge (ISO 5667-6), as well
as directly from the collector draining
purified sewage to the receiver (point D).
The water pH was measured on site using
CP-104 pH meter, electrolytic conduc-
tivity with CC-102 conductometer, dis-
solved oxygen concentration and the de-
gree of water saturation with oxygen by
means of CO-411 oxygen meter and total
amount of dissolved solids was measured
in water using TDS meter (Hach Lange).
In the laboratory, total suspended solids
were determined by drying and weighing
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FIGURE 1. Location of measurement-control points

method, concentrations of Ca®*, Mg®",
Na®, K*, Fe (Fe*" and Fe**) and Mn?"
ions using atomic absorption spectrom-
etry (ASA) on Unicam SOLAAR 969
spectrometer. The five-day biochemical
oxygen demand (BODs) was assessed
using Winkler’s method and chemical
oxygen demand by titration method in
KMnO,4 The concentrations of ammoni-

um nitrogen (N-NH,4"), nitrite (N-NO,")
and nitrate (N-NOj3') nitrogen, phos-
phates (PO4>") and chlorides (CI") were
assessed by flow colorimetry analysis on
FIAstar 5000 apparatus and sulphates
(SO4%) by precipitation method (Regu-
lation... 2013).

The values of pollutant indices in pu-
rified sewage were compared with the
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highest values permissible in compli-
ance with the Regulation of the Minis-
ter of the Environment on the conditions
which must be fulfilled when discharg-
ing sewage to waters or to the soil and
on the substances particularly harmful to
the aquatic environment (Regulation...
2014b). The Sudot stream water quality
class in the measurement points was de-
termined according to the Regulation of
the Minister of the Environment on the
method of classification of the ecological
state, ecological potential and chemical
state of uniform parts of surface waters
(Regulation... 2014a). The functional
values of the stream water were evalu-
ated by comparing the assessment results
with the value admissible for fish life in
natural conditions (Regulation... 2002).
Descriptive statistics were used for
elaboration of results, the minimum and
maximum values were determined, as
well as the arithmetic mean, standard
deviation and median for individual in-
dices. A statistical inference about the
significance of indices values differ-
ences between the measurement points
was conducted using the Kruskal-Wallis
non-parametric test on the significance
level @ = 0.05 in Statistica 12. After de-
termining the significance of differences
between the compared groups, analysis
for the pairs of measurement points was
conducted for selected water quality in-
dices using Mann-Whitney U-test on the
significance level a = 0.05. The non-par-
ametric tests were chosen because of the
lack of normal distribution for the ma-
jority of analysed indices, in compliance
with the results of the Shapiro—Wilk test
and the lack of the homogeneity of vari-
ance determined by the Fisher—Snedecor
test (Buda and Jarynowski 2010). More-
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over, the cluster analysis was conducted
for the measurement control points and
physicochemical indices within the in-
dividual points, aimed at grouping the
objects (points or indices) so that the ob-
jects within each of the identified group
were similar to each other, but possibly
the least similar to the objects of the oth-
er groups, according to the rule of inter-
nal similarity and external dissimilarity.
If there are clusters of objects similar to
each other, the structure may be present-
ed as separate branches on a hierarchi-
cal tree (tree diagram). Estimation of the
distance between groups was conducted
using Ward’s method, which bases on
the analysis of variance and aims at min-
imizing any two cluster sum of squares
(Stanisz 2007).

According to the administrative di-
vision of the country, the Sudot stream
catchment is situated in the Matopolskie
voivodship, Krakow county, on the bor-
der of Wielka Wie$ and Zielonki villages
and Pradnik Bialy quarter in the north part
of Krakow. According to Kanownik et al.
(2012), the highest percentage (43%), i.e.
about 637 ha of the Sudét stream catch-
ment is covered by grasslands dispersed
over the whole area, whereas the small-
est 0.2% (2 ha) are grounds under water.
Arable lands cover almost 30% and or-
chards constitute 6% of the total catch-
ment area. The built up and transport area
cover about 220 ha. The Sudoét stream is
the third order watercourse, a right bank
tributary to the Pradnik river, flowing into
the Vistula. The source of the stream is
situated at 288 m a.s.l. The watercourse
flows through the taki Giebuttowskie
area, Tonie village and in its final, about
1.5 km stretch through housing areas of
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Krakow. Its total length is 8,840 m and
average bottom slope 1.01.

The sewage treatment plant was con-
structed according to the Local Space
Management Plan for Wielka Wie$§ com-
mune, in Trojadyn village in the area
of so-called Laki Giebulttowskie (Gie-
bultowskie Meadows) — Figure 1. The
building of the sewage treatment plant
covers about 168 m” of usable area. Sew-
age is channeled to the treatment plant
through the gravity sewer system from
about 2,150 inhabitants and additionally
sewage is supplied by septic tankers from
the local hotel and schools situated in
the commune. The mechanical-biologi-
cal sewage treatment plant uses Finnish
technology, according to which sewage
purification occurs through a prolonged
aeration in activated sludge chamber,
where the conditions for simultaneous
stabilization of the excessive sludge are
provided. The biological technology of
sewage cleaning bases on removal of ni-
trogen and phosphorous compounds. Re-
moval of nitrogen compounds is carried
on in the activate sludge chamber during
a basic process occurring at the initial
phase, in the anoxic part of the chamber.
Phosphorus compounds are removed
both at the initial phase of purification
and during the process of simultaneous
precipitation by means of iron salts. The
treatment plant comprises the follow-
ing appliances: step filter, grit chambers,
aeration chamber, secondary settlement
tank, secondary sludge stabilization
chamber and secondary sludge press.
About 11 Mg of sludge in conversion to
dry mass is generated per year (Water
law permit on the assessment of the envi-
ronmental impact of a sewage treatment
plant in Wielka Wies$ 2010).
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The collector draining purified sew-
age is located at km 2+010 of the Sudot
stream course, on its right bank. The
catchment area to the collector outlet is
3.56 km?. In the discharge area the stream
banks are not reinforced and the stream
cross section is of trapezoidal shape.
Average annual water flow in this place
is SSO = 0.037 m’-s”!, whereas me-
dium low SBQ = 0.008 m*s™'. The
amount of drained purified sewage is
0=300m> day ' and O =25 m>'s},
which constitutes respectively 9.4 and
18.8% of average water flow in the
stream.

RESULTS AND DISCUSSION

The analysis of pollution indices results
in purified municipal sewage in point
D, as determined in the regulation on
the conditions which must be fulfilled
when discharging sewage to waters or
to the soil, revealed exceeded highest
values for total suspended solids and
BODs (Table 1). Total suspended solids
concentration only on one date exceeded
the value of 50 mg-dm™ and the five-day
biochemical oxygen demand (BODs)
was above the highest admissible value
(40 mg~dmﬁ3) on three dates. Since at the
number of samples from 8 to 16 the reg-
ulation allows 2 samples in which the in-
dices may exceed the highest admissible
values, in the purified sewage from the
treatment plant in Trojadyn village, only
BODj value did not meet the conditions
required when discharging sewage to
waters. Total suspended solids concen-
tration ranged from 1 to 152 mg-dm™,
with the average value on the level of
20.6 mg-dm™>. Value BODjs ranged from
1.1 to 112 mg O,-dm™ and its average
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TABLE 1. Statistical parameters describing the values of pollution indices in purified sewage and the

highest admissible values

The maximum

Indicator Range | Average | 4 ob ot | Ministy

Regulation (2014a)
Temperature (°C) 8.8-20.2 15.1 3.8 35
Reaction pH 7.2-7.8 7.5 0.21 6.5-9
Total Suspended Solids (TSS) (mg-dm ) 1.0-152 20.6 45 50
Dissolved Oxygen (DO) (mg O,-dm™>) 2.6-15.7 7.2 34 -
](Srrilc;cge;l‘l:iisfg)Oxygen Demand (BODs) 14-112 38 40 40
(Cnl;;“gzcﬁn?’;‘)ygen Demand (COD-Mn) 1.5-21.8 133 7.2 -
Oxygen Saturation Degree (OSD) (%) 29-141 75 30 -
Electrolytic Conductivity (EC) (uS-ecm™) | 693-1,686 | 1,205 334 -
Total Dissolved Solids (TDS) (mg-dm ™) | 522-1,050 813 141 -
S04% (mg-dm™) 71-309 110 67 500
CI” (mg-dm™) 38-337 213 82 1,000
Ca®" (mg-dm™) 70-128 92 17 -
Mg?* (mg-dm™) 11-25 17 4 -
Na* (mg-dm™) 13-275 140 76 800
K* (mg-dm™) 2.7-30.1 16.8 72 80
PO, (mg-dm™) 0.35-29.5 8.5 9.0 -
N-NH4" (mg-dm™) 0.76-76.8 213 21.8 10
N-NO,™ (mg-dm™>) 0.015-0.89 | 0.30 0.33 1
N-NO;~ (mg-dm™>) 0.0-3.9 1.0 1.2 30
Fe (mg-dm™) 0.12-2.70 1.03 0.70 10
Mn?" (mg-dm™) 0.07-0.36 0.16 0.09 -

value was 38 mg O, dm™. The maxi-

the guidelines for

industrial sewage

mum total suspended solids concentra-
tion registered during the investigations
(152 mg-dm*3) and BOD; value (112 mg
0,-dm™) were almost threefold higher
than the highest permissible value ac-
cording to the ministrial regulation.

The extended physicochemical anal-
ysis of the sewage including substances
particularly harmful to the aquatic envi-
ronment conducted in compliance with

revealed, that during the period of
the research, the sewage temperature
ranged from 8.8 to 20.2°C and its pH
was neutral within the pH range 7.2-7.8.
These values did not exceed the value
permissible by the Minister of the Envi-
ronment regulation of 2014. The highest
sulphates (309 mg-dm™) and chlorides
(337 mg-dm™) concentrations were
lower than the admissible values (Regu-
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lation... 2014b). On the other hand, am-
monium nitrogen concentration (mean
21.3 and maximum 76.8 mg-dm™) re-
spectively 2 and 7.5 times exceeded the
permissible values stated in the regula-
tion in force. The maximum concentra-
tion of nitrite nitrogen (0.89 mg-dm‘3)
was slightly lower than the permissible
value (1 mg-dm_3). The other values of
the analysed pollution indices were much
lower than the values stated by the min-
ister regulation (Regulation... 2014b).
Thephysicochemical state of the Sudot
stream water above the sewage treatment
plant (point 1) was below good, due to
mean value of phosphates exceeding by
0.03 mg-dm™ the value permissible for
the water quality class II. Average con-
centration of dissolved solids and nitrate
nitrogen allowed to classify water to the
class II (Regulation... 2014a). The other
12 indices considered in the assessment
of the physicochemical composition were
in the quality class I (Table 2). Increase
in a majority of the analysed water in-
dices concentrations occurred below the
purified sewage discharge. The highest
increase in pollutant concentrations was
observed 150 m below the sewage dis-
charge to the receiver (point 2). It was on
average: 11.78 mg-dm™ for ammonium
nitrogen (100-fold increase in concen-
tration), 5.36 mg-dm~ for phosphates
(17-fold), for BOD; — 28.4 mg O, dm™
(12-fold), for total suspended solids
—23.8 mg-dm™ (8-fold), for nitrite nitro-
gen — 0.14 mg-dm™ (7.5-fold), in case
of sodium — 54 mg-dm™ and potassium
— 5.7 mg-dm™ (4-fold), for COD-Mn —
6.4 mg O, dm™ and chlorides —
70 mg-dm™ (2.5-fold increase). Due to
the waters drained from the treatment
plant, also water quality class in the Sudo6t
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stream changed. In both measurement
points (points 2 and 3), the stream wa-
ter did not meet the requirements of the
water quality class II because of BODs,
PO,* and N-NH," values. The analysis
of physicochemical indices concentra-
tions in the water collected 1,000 m be-
low the sewage treatment plant (point 3)
allowed to classify ten of them to the
class I and two to the class II (Regula-
tion... 2014a).

The research conducted by Krolak
et al. (2011) on the effect of mechani-
cal-biological sewage treatment plant on
water quality revealed that purified sew-
age discharged from the treatment plant
in Wisznica and Piszczac villages had a
slight influence on the increase in nitrate,
and ammonium ions and EC, and did not
cause a change in water quality class in
the receivers (Zielawa and Lutnia water-
courses). The hydrochemical research
carried on the Suddét Dominikanski
stream demonstrated an on-going pollu-
tion of its water by the sewage discharg-
es from the treatment plant in Wegrzce
commune. The load of disposed sewage
proved too large in relation to the water
flow in the stream, which led to a wors-
ening of the water in the watercourse
(Kanownik and Rajda 2008). Also, the
investigations conducted by Kowalik et
al. (2015) on the Bren river revealed a
considerable effect of purified sewage
discharge from a modernised mechani-
cal-biological sewage treatment plant on
the water quality in the receiver. The dis-
charge caused an increase in the values
of 12 of the 17 analysed physicochemi-
cal indices in the Bren river, of which in
8 cases the relationships were statisti-
cally significant. It was found that BODj;
values and ammonium nitrogen con-
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2 quality class I — very good state; ° quality class II — good state; ¢ does not meet the requirements of quality class II — below the good state.

centrations affected a change of water
physicochemical state from a very good
to good, and in case of phosphates from
very good to below good.

A high level of ammonium and total
nitrogen caused by industrial and mu-
nicipal sewage discharge was also noted
in the Yellow River in China (Chen et
al. 2004). Results of the investigations
on Mamasin reservoir water in Turkey
prove the increase in nitrates and am-
monium nitrogen due to industrial and
domestic sewage discharge (Elhatip and
Gulli 2005). The research was carried
out from 2003 to 2009 in Missouri, US
on the impact of purified sewage on wa-
ter quality in the Blue River flowing on
the border to Johnson Country and Kan-
sas. The environmental conditions were
determined by means of collected data
analysis and comparison of the water
quality indices concentrations above and
below the collector outlet. The changes
in the lower course of the river were the
highest during low discharges, when the
purified sewage constituted about 20% of
the channel flow. The water samples im-
mediately below the collector revealed
high concentrations of ammonium, ni-
trate and phosphate ions both before and
after the treatment plant modernisation.
It is most probably due to non-optimised
biological removal of these compounds.
During the period of normal flows
the concentrations were between 4 to
15 times higher than in the water samples
above the collector. Despite the fact that
the treatment plant modernisation im-
proved the quality of sewage discharged
to the Blue River, the process still had a
negative influence on the water quality
and contributed to increase in the prima-
ry production (Graham et al. 2010). In
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Europe, the integrated attitude towards
the assessment of the purified sewage
impact on the forecast of ecological haz-
ard was adopted among others in Slove-
nia, where the water in the Krka river, to
which purified municipal and industrial
sewage is discharged from city treat-
ment plants, was analysed. The sewage
subjected to biological sewage treatment
contained high concentrations of organic
nitrogen, ammonia, phosphates and zinc.
During the summer period an excessive
water saturation with dissolved oxygen
was registered. Inhibition of water self-
purification process was observed owing
to excessive concentrations of nitrogen,
phosphorus and zinc in the water sam-
ples analysed in the points most dis-
tanced from the collector outlets. Results
of the investigations indicated a neces-

sity to diminish the emission of pollut-
ant loads supplied so far in the purified
sewage to improve water quality in the
river and intensify the self-purification
process (Cotman et al. 2001).

Water of the Suddt stream was as-
sessed as a natural environment of the
cyprinid and salmonid fish life. On the
basis of seven analysed indices (tem-
perature, total suspended solids, pH,
dissolved oxygen, biochemical oxygen
demand, ammonium nitrogen, nitrite)
it was determined that the water in all
points did not meet requirements for
the salmonid and cyprinid fish species.
In point 1 (above the sewage discharge)
only 20% of water samples fulfilled the
requirements for both the salmonid and
cyprinid fish due to the nitrite concentra-
tions, whereas 73% due to BOD5 content

TABLE 3. Usability of stream water as a natural environment for fish

Frequency of index values Vglues required
o . . for inland waters as
(% of samples) in normative range environment for fish
for a given fish category (Regulation. .. 2002)
Indicator salmonids cyprynids
g %‘ :g g g 2 salmonids | cyprynids
BS) '3 1 I 3 I
o o o o o o
Temperature (°C) 100 100 100 100 100 100 21.5% 28.0%
Reaction pH 100 100 100 100 100 100 6-9°¢
Total Suspended Solids ¢ od ¢ ¢ ed ¢ | average annual value
(TSS) (meg-dm) 3.4¢ |27.2 13 3.4¢ (272 13 <25
Dissolved Oxygen 82 55 454 100 73 64 50%>9 | 50 % >8
(DO) (mg Oy-dm™>) 100 | 734 | 739 | 100 | 829 | 829 [100%>7 | 100 % >5
Biochemical Oxygen
Demand (BODs) 734 | 274 | 209 | 100 | 369 | 209 <3b <6b
(mg O,-dm™)
N-NH4" (mg-dm™) 100 | 104 | 204 | 100 | 109 | 20¢ | <0.78° <0.78°
NO, ™ (mg-dm™) 204 | od o4 | 209 | 104 | o <0.01° <0.03°

4 For 98% of samples; b for 95% of samples; ¢ average value; d requirements not fulfilled.
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for the salmonids (Table 3). On the other
hand, below the sewage discharge (points
2 and 3) water in the Sudét stream did
not meet the requirements for the natural
habit of either the salmonid or cyprinid
fish species because of a low concentra-
tion of dissolved oxygen, high biochemi-
cal oxygen demand (BODs) and high
concentrations of ammonium nitrogen
and nitrites; moreover, in point 2 average
annual concentration of total suspended
solids exceeded 25 mg-dm~ (Regula-
tion... 2002). In all measurement points
only the temperature and water pH were
appropriate for the habitat the salmonid
or cyprinid fish species.

The statistical analysis conducted us-
ing Kruskal-Wallis non-parametric test
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for the measurement points revealed
that the water quality indices differ sig-
nificantly among the points in case of a
group of the indices characterizing oxy-
gen conditions, salinity (except the phos-
phates, calcium and magnesium) water
pH, biogenic substances and metals Fe
and Mn. The test probability for these in-
dices was lower than 0.05 (Table 4). The
analysis of the differences of water indi-
ces for the pairs of points on the Sudot
stream performed using Mann—Whitney
U-test revealed that between points1 and
2, significantly higher values were reg-
istered in point 2 (below the discharge)
for BODs, COD-Mn, EC, TDS, CI"Na™,
K', POs°~, N-NH,", N-NO, ™ and signi-

TABLE 4. Comparison of physicochemical indices values between measurement points using Kruska—

—Wallis non-parametric test

Measurement-control point Results of
P Kruskal-Wallis test
Indicator
1 D 2 3 il-
| | | test value probabﬂ
median ity test
Temperature (°C) 11.6 13.8 12.7 12.6 2.16 0.54
Reaction pH 8.12 7.5% 7.8% 8.0% 19.7¢ <0.01%
Total Suspended Solids
(TSS) (mg-dm ) 3.0 3.8 43 2.8 2.37 0.50
Dissolved Oxygen a a a a a a
(DO) (mg0,-dm 2) 10.5 7.2 9.0 8.6 10.8 0.01
Biochemical Oxygen Demand a a a a a a
(BODs) (mgO,-dm ?) 2.6 25.2 13.2 10.8 13.2 <0.01
Chemical Oxygen Demand a a a a a a
(COD-Mn) (mgOy-dm ) 4.8 14.4 9.4 10.5 13.5 <0.01
Oxygen Saturation Degree a a a a a a
(OSD) (%) 106 77 93 97 11.1 0.01
Electrolytic Conductivity a a a a a a
(EC) (uS-cm ) 736 1,232 878 889 11.4 <0.01
Total Dissolved Solids a a a a a a
(TDS) (mg-dm ) 560 806 684 628 18.4 <0.01
SO4%- (mg-dm™) 80 95 87 95 4.6 0.20
Cl- (mg-dm™) 538 215% 807 812 22.4% | <0.012
Ca®" (mg-dm™) 85 89 91 90 0.52 0.92
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TABLE 4 cont.
. Results of
Measurement-control point Kruskal-Wallis test
Indicator
1 D 2 3 il-
| | - test value p?Obab"
median 1ty test
Mg?* (mg-dm™) 18 16 18 18 2.1 0.54
Na* (mg-dm™) 19 1272 482 422 238 <0.012
K* (mg-dm-?) 2.12 16.9% 6.12 5.7 282 <0.012
PO, (mg-dm™) 0.24? 6.0 3.12 2.12 16.8% | <0.01?
N-NH,4" (mg-dm™) 0.09% 15.12 4.0° 3.42 243% | <0.012
N-NO,- (mg-dm™>) 0.024* | 0.111* | 0.086* | 0.120° | 12.9* | <0.01
N-NO;~ (mg-dm™>) 2.5 0.8 228 2.0% 10.22 0.02%
Fe (mg-dm™>) 0.212 0.96 0.26* 0.34 14.6* | <0.012
Mn?" (mg-dm™) 0.112 0.14 0.112 0.212 8.9 0.032

The statistical value that the differences are statistically important on the level a = 0.05.

fi—antly lower degree of oxygen satura-
tion (Table 5).

Lewandowska-Robak et al. (2011)
while assessing the impact of mechani-
cal-biological sewage treatment plant
with increased nutrients removal on wa-
ter quality in the Kicz stream in Tuchola,
the largest city of Bory Tucholskie deter-
mined, that in result of the purified sew-
age discharge the concentrations of chlo-
rides, nitrates, nitrites and BOD5 raised
significantly in the receiver water.

On the other hand, along almost
1,000 m stream stretch below sewage
discharge no statistical differences were
found among the physicochemical water
indices between point 2 and 3, which in-
dicated the inhibition of water self-purifi-
cation processes resulting from its pollu-
tion. The fact was also confirmed by the
cluster analysis conducted for standard-
ized values of physicochemical indices,
on the basis of which it was stated that the

drainage water and water in the Sudot be-
low the discharge form one group, where-
as water in the Sudot above the discharge
forms a separate cluster (Fig. 2).

Ward's method; Euklidean Distance

Point 1

Point D

Point 2

Paoint 3

2 3 4 5 & 71 8 9
Linkage Distance

FIGURE 2. Cluster analysis (dendrogram) simi-
larity of physical and chemical indicators of water
measurement and control
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CONCLUSIONS

The analysis of pollutants in the purified
municipal sewage revealed that BODjs
value did not fulfil the required condi-
tions which must be observed when dis-
charging sewage into waters or to the
soil. Moreover, high amount of phos-
phates and ammonium nitrates in the
discharged sewage, although not cov-
ered by obligatory monitoring, poses a
hazard to the flora and fauna in the Sudot
stream bed.

The Sudoét stream water along the
analysed stretch did not meet the re-
quirements for the quality class II and its
physicochemical state was below good.
Above the purified sewage discharge
only one index (phosphates) slightly
exceeded the limit value. On the other
hand, below the discharge collector a
considerable deterioration of the stream
water quality occurred. Beside phosphate
concentrations, also ammonium nitrogen
and BODj concentrations exceeded the
limit value for the water quality class II.

Along the whole investigated Sudot
stretch, water did not meet the require-
ments for the natural habitat of the sal-
monid (Salmo spp.) family, the Corego-
nidae family (Coregonus) or Thymallus
thymallus fish, the cyprinid fish, or other
fish species, like Esox lucius, Perca flu-
viatilis or Anguilla anguilla because of
high nitrite concentrations. Discharge of
purified sewage into the stream caused a
decrease in the dissolved oxygen in wa-
ter, increase in biochemical oxygen de-
mand and ammonium nitrate concentra-
tions, which added to a worsening of fish
life conditions.

Statistical analysis of physicochemi-
cal indices in the stream waters revealed
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that below the discharge of purified sew-
age, the values of 11 out of 21 analysed
indices changed statistically significant-
ly. It evidences a considerable effect of
the discharged sewage on water physi-
cochemical state and disturbance of the
biological functioning of the ecosystem.
A big pollutant load reduced the process
of the stream water self-purification. Be-
low the discharge from the sewage treat-
ment plants (point 2), the water concen-
tration of ammonium nitrogen increased
100 times, BODs value and phosphate
concentration over 10 times and total
suspended solids and nitrite nitrogen
over 5 times.

In order to reduce the negative ef-
fect of the sewage treatment plant and
therefore improve the physicochemi-
cal and ecological state of water in the
Sudét stream, technological measures
connected with the modernisation of the
treatment plant should be implemented
aiming at the increasing the efficiency of
nitrogen and phosphorus reduction in the
sewage.
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Streszczenie: Wplyw zrzutu oczyszczonych scie-
kow z oczyszczalni na stan fizykochemiczny wody
w odbiorniku. W pracy przedstawiono wplyw
zrzutu oczyszczonych $ciekow z mechaniczno-
biologicznej oczyszczalni o RLM ponizej 2000
na stan fizykochemiczny wody w odbiorniku (po-
tok Sudot). Badania hydrochemiczne prowadzono
od marca 2012 roku do lutego 2013 roku Proby
wody pobrano w 12 terminach (raz na miesigc) w
czterech punktach pomiarowo-kontrolnych: 50 m
powyzej ujscia kolektora, 150 i 1000 m ponizej

zrzutu $ciekdw oczyszczonych oraz bezposrednio
z kolektora odprowadzajacego $cieki oczyszczo-
ne do odbiornika. Wnioskowanie statystyczne o
istotno$ci réznic wartosci wskaznikow miedzy
punktami pomiarowo-kontrolnymi przeprowa-
dzono nieparametrycznym testem Kruskala—Wal-
lisa oraz U Manna—Whitneya. Na badanej dtugo-
$ci potoku Sudoét wody nie spetnialy wymogéw
II klasy jakosci, stan fizykochemiczny wody byt
ponizej dobrego. Powyzej zrzutu $ciekow oczysz-
czonych tylko stezenie fosforanéw nieznacznie
przekraczato warto$¢ graniczng dla II klasy. Po-
nizej (150 i 1000 m) kolektora zrzutowego ja-
ko$¢ wody w badanym potoku ulegta pogorszeniu
z powodu wzrostu wartosci BZT5 i ChZT-Mn
oraz stgzen azotu amonowego. Zrzut Sciekow
oczyszczonych spowodowal wzrost stezenia
wigkszosci badanych wskaznikoéw jakosciowych
w wodzie potoku Sudét. Tuz ponizej zrzutu
z oczyszczalni, w wodzie potoku wzrosto steze-
nie azotu amonowego 100-krotnie, warto$¢ BZTj5
i stezenie fosforanow ponad 10-krotnie oraz steze-
nie zawiesina ogdlna i azotu azotynowego ponad
S-krotnie. Woda na badanym odcinku potoku Su-
dot nie spetniata wymagan dla naturalnego §rodo-
wiska zycia ryb lososiowatych oraz karpiowatych
ze wzgledu na wysokie stgzenia azotynow. Ana-
liza statystyczna wskaznikow fizykochemicznych
wody potoku Sudot wykazata, ze ponizej zrzutu
Sciekdw oczyszczonych statystycznie istotnie
zmienilty si¢ wartosci 11 wskaznikéw fizykoche-
micznych z sposrod 21 badanych. Aby ograniczy¢
negatywne oddzialywanie oczyszczalni $ciekow,
a tym samym poprawi¢ stan fizykochemiczny
iekologiczny wody w potoku Sudoét, nalezy zwigk-
szy¢ skuteczno$¢ redukcji azotu w $ciekach.
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