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ABSTRACT
The main purpose of the study was to evaluate water quality of the Supraśl river and
identify its main pollution sources. On the river and its tributaries, 8 control points were
selected, located near Krynica, Gródek, Nowosiółki, Zasady (mouth of the tributary
Sokołda), Supraśl, Nowodworce, Dobrzyniewo (mouth of the tributary Biała) and
Dzikie. The control points were selected in such a way as to take into account the impact
of major point sources of analyzed components located along the river and its main
tributaries on water quality in the main stream catchment. Water samples were collected
once a month during the period from May to November in 2014. In water samples the
concentration of dissolved oxygen, Cl-, SO42-, N-NH4+, P-PO43- and the values of pH,
BOD5 and electrolytic conductivity were indicated. Based on the obtained results, loads
of the individual components in river waters were calculated as a product of concentration and Supraśl waters flow rate in a particular month. Supraśl waters, due to values
of most analyzed parameters, should be classified as first quality class. The source of
Cl-, SO42-, N-NH4+ in Supraśl waters were treated wastewater and other anthropogenic
sources associated with the basin development. Reduced Supraśl water quality is caused
by the inflow of organic substances expressed by BZT5 from natural and anthropogenic
origin and concentration of PO43-, which were mainly delivered with treated wastewater.
Keywords: water quality, pollution, river, wastewater.

INTRODUCTION
Water is an excellent solvent, so it can include almost all substances naturally occurring
in the earth’s crust and substances of anthropogenic origin [Ptoszek 2014, Skorbiłowicz and
Ofman 2014]. Among all water bodies, rivers
have the most heterogeneous chemical and biological composition, which is often associated
with a large area occupied by their catchments
[Kiryluk i Skorbiłowicz, 2005]. Over the years,
there has been periodically repeated changes
in the distribution of mineral component loads
in surface waters. The quality of river water in
catchment depends from terrain, vegetation, soil
type, climatic conditions and anthropogenic pollution [Duffy and VanLoon 2008, Sojka 2009,
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Bajkiewicz-Grabowska and Mikulski 2010, Ptoszek 2014]. Anthropogenic input of pollutants
into the river water is caused by the proximity of
villages and towns, all of which are discharging
domestic and industrial wastewater and agricultural areas, which are a source of plant protection products and fertilizers [Allan 1998, Piekutin 2008, Kociołek-Balawejder and Stanisławska
2012]. Ingredients flowing with water in case of
high concentrations are considered as impurities
that may degrade the environment. Chemical and
biological composition of water is particularly
important in a situation where they are sources
of drinking water. The Supraśl river is one of the
drinking water sources for Białystok agglomeration and control of this water is necessary [Osmulska-Mróz et al. 1993].
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The aim of this study was to evaluate water
quality of the Supraśl river and to identify its
main pollution sources.

On the river and its tributaries, 8 control
points (Figure 1) were selected, located near
Krynica, Gródek, Nowosiółki, Zasady (mouth
of the tributary Sokołda), Supraśl, Nowodworce, Dobrzyniewo (mouth of the tributary
METHODS
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a month during the period from May to Novemlength is 93.8 km, and the average flow is 4.18
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The scope of statistical analysis included basic measures: the arithmetic m
standard deviation and extreme values of individual components. In addition,
charges parametric Pearson correlation coefficients were calculated. Due to the h
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Figure 1.xThe
measuring pointsofontested
the Supraśl
river [geomelio.pl]
x̅ – average concentration of tested component
OS – standard deviation

65

The tables contain arithmetic averages of the parameters in study period.
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N-NH4+

SO42-

PO43-

[mg NH3-N
·dm-3]

[mg SO4
·dm-3]

[mg PO43·dm-3]

6.95 – 8.05

502.09

8.10

1.65

1.35

0.07

8.24

0.15

Gródek

6.74 – 8.06

404.70

7.06

4.52

7.86

0.42

24.09

3.98

Nowosiółki

7.16 – 7.68

391.80

7.53

8.29

5.14

0.45

52.35

1.08

Zasady

7.31 – 8.00

474.60

7.66

21.55

7.57

0.53

77.15

1.33

Supraśl

7.17 – 7.80

448.00

7.54

40.45

46.95

1.36

192.26

3.64

Nowodworce

7.20 – 7.86

402.39

8.57

38.49

32.45

1.53

247.27

3.87

Dobrzyniewo

7.25 – 7.94

494.20

7.81

13.26

8.13

0.44

63.25

1.43
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7.15 – 8.01
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7.97

95.29

37.26

6.16

363.73

13.86
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–

460.14
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27.94

18.34
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128.54

3.67

Median

–

461.30

7.74

17.41

7.99

0.49

70.20

2.53

Standard
deviation

–

59.77

0.45

30.90

17.60

2.00

126.24

4.37

Minimum

6.95

391.80

7.06

1.65

1.35

0.07

8.24

0.15

Maximum

8.06

563.33

8.57

95.29

46.95

6.16

363.73

13.86
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concentration of Cl- was observed in points in the
Zasady, Dzikie and Dobrzyniewo, which equaled
to 10.66, 10.57 and 11.87 mg·dm-3 respectively.
The points where the maximum concentration of
Cl- was observed were related to sewage treatment
plants occurring in catchment area. Control point
Zasady, was located on the river Sokołda and Clconcentration could be influenced by treated wastewater from sewage treatment plant in Sokółka,
while the Dzikie and Dobrzyniewo points were
located downstream of the treated wastewater discharge from sewage treatment plants in Białystok.
Much higher Cl- concentrations were observed by
Augustyn et al. [2012] in the studies carried out
in the Wisłoka. The average concentration of Clobserved by the authors was 18.7 mg·dm-3, with a
variance in a range from 3.7 to 93.0 mg·dm-3. The
authors point out that the highest concentration of
Cl- occurred in upper Wisłoka, where the discharge
of mine water occurs.
The largest load of chlorides occurred in
Dzikie and amounted to 95.29 g Cl-·s-1 (Table
2). Before Dzikie, the Biała estuary which flows
through Bialystok receiving any excess ingredients
from urbanized areas, including components originating from sewage treatment plants, falls into the
Supraśl. The smallest load was obtained in waters
collected from Krynica and Gródek, values of Clloads were equal to 1.65 and 4.52 g Cl-·s-1. Krynica
is located on semi-natural areas, which were associated with the occurrence of chlorides small loads
in this part of catchment, as opposed to control
point Dzikie. Chlorides have a highly conservative
nature in the environment and are not transformed
by migration. It can therefore be assumed that the
results are highly probable and pointing the main
migration routes in the Supraśl catchment. This
indicator is often used to determine the migration
routes of other components. The median and standard deviation values were respectively equal to
17.41 and 30.90 g Cl-·s-1. Those values show high
variability in chloride loads in the Supraśl waters,
which is associated with a variety of this nutrient
sources within the catchment.
BOD5 values in water along the monitoring network were relatively aligned. The highest values
of this indicator were in Gródek and Supra, which
amounted to 11.14 and 7.71 mg·dm-3 and the lowest
in Nowosiółki and Zasady (3.14 and 3.29 mg·dm-3)
(Table 1). Indicated in water BOD5 values near
Gródek were dependent on two wastewater treatment plants located in Gródek and the Michałowo.
A similar range of this indicator was observed by

Krzemińska et al. [2006] in the studies conducted in
the lower section of the Smortawa river. The authors
report BOD5 value in a range of 1.5 to 8.1 mg·dm-3.
Due to BOD5 load values (Table 2) the studied river can be divided into two parts. The first
includes agricultural areas, where there are least
settlement units. That area is located from Krynica to Zasady, where the load of BOD5 was small
and underwent minor changes along the watercourse on this section (from 1.35 to 7.57 g O2·s-1).
These areas are covered largely by Knyszyńska
Forest, which may help to reduce the migration of
organic substances [Skorbiłowicz 2004 Piekutin
2008]. Forest should be regarded as geochemical
barrier. The second part of the basin characterized
by a much larger loads of BOD5 and belong to
the more urbanized areas. At points located from
Suprasl to Dzikie, the main watercourse passes
through more settlement units and peaty areas,
hence the charges of BOD5 for this area were
higher and ranged from 32.45 to 46.95 g O2·s-1.
Changes in concentration of N-NH4+ in Supraśl
waters were similar to changes which chlorides
were subject to (Table 1). Just as in the case of Cl
maximum concentration of N-NH4+ was observed
in waters around Gródek and Dzikie and were
equal 0.58 and 0.59 mg·dm-3 respectively. A common maxima of these components suggest a common source, which in this case may be sewage
treatment plants. In other points the concentration
of N-NH4+ changed in range from 0.19 to 0.32
mg·dm-3. Chomutowska and Wilamowski [2014]
received a similar range of N-NH4+ in studies carried out in Łutownia river waters flowing through
the Białowiska Forest. The authors recorded results within the range from 0.36 to 0.70 mg·dm-3.
The largest load of ammonium nitrogen (6.16
g N-NH4·s-1) occurred in water collected at point
Dzikie, which was associated with the loads of
components carried with the Biała, which flows
into the Supraśl near that point (Table 2). The
smallest load (0.07 N-NH4·s-1) was observed in
water collected in Krynica, which is due to the
absence of significant sources of organic matter at this point. The spatial distribution loads of
N-NH4+ and BOD5 loads may indicate a common
source of these nutrients in the Supraśl basin.
SO42- concentration in the studied rivers did
not show a large variation, which is confirmed by
approximate arithmetic mean and median, and
a low standard deviation (Table 1). SO42- varied
from 27.96 to 38.37 mg·dm-3. The lowest concentration of SO42- was observed in water near
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Supraśl and the largest near Dobrzyniewo. The
observed concentrations of SO42- are among the
values found in uncontaminated waters.
The lowest load of SO42- (8.24 g·s-1) was observed in water taken from point Krynica (Table 2).
An upward trend of SO42- load along the river was
observed, which was related to the gradual seminatural enrichment of Supraśl waters in SO42- as a
result of runoff from its catchment area and from
anthropogenic sources. A significant reduction in
load of SO42- in waters collected from Dobrzyniewo
was reported. Arithmetic mean and median of SO42loads was equal to respectively 128.54 g SO42-·s-1
and 70.20 g SO42-·s-1. Changes of SO42- loads along
the river were similar to Cl- changes, which may indicate a common origin of these components.
PO43- concentration in water of the Supraśl
river varied (Table 1). The largest concentration of PO43- recorded in waters near Grodek and
Dzikie, which were respectively 5.35 and 1.43
mg·dm-3. The reason for increased PO43- concentration may be discharges from the wastewater
treatment plant adjacent to water sampling sites.
In remaining control points PO43- concentration
was aligned and varied from 0.50 to 0.89 mg·dm-3.
Lower PO43-concentration within the range from
0.038 to 0.59 PO43- were shown by Wiatkowski
[2010] in water flowing into Psurów reservoir.
The lowest phosphates load (0.15 g PO43-·s-1)
was observed in water taken from Krynica (Table 2). The largest load was achieved in Dzikie
(13.86 g PO43-·s-1), so that the difference between
the largest and smallest load was very high,
which could be related to the discharge of inadequately treated sewage from the plants located
in the Supraśl basin [Skorbiłowicz 2004 Piekutin
2008]. The presence of large differences between
loads values were confirmed by standard deviation values equal to 4.37 g PO43-·s-1.
Comparing the concentrations of each component with numbers falling within the limits from

Table 2. Loads summary (arithmetic mean) of tested
indicators in the Supraśl river waters in 2014
Localization

Cl-

BZT5 N-NH4+ SO42-

PO43-

[g∙s ]
-1

Krynica

1.65

1.35

0.07

8.24

0.15

Gródek

4.52

7.86

0.42

24.08

3.98

Nowosiółki

8.29

5.14

0.45

52.35

1.08

Zasady

21.55

7.57

0.53

77.15

1.33

Supraśl

40.95

46.95

1.36

192.26

3.64

Nowodworce

38.49

32.45

1.53

247.27

3.87

Dobrzyniewo

13.29

8.13

0.44

63.25

1.43

Dzikie

95.29

37.26

6.16

363.73 13.86

Arithmetic mean

27.94

18.34

1.37

128.54

3.67

Median

17.41

7.99

0.49

70.20

2.53

Standard deviation 30.90

17.60

2.00

126.24

4.37

Minimum

1.65

1.35

0.07

8.24

0.15

Maximum

95.29

46.95

6.16

363.73 13.86

Regulation of the Minister of Environment of 22
October 2014, it was found that pH, conductivity, dissolved oxygen, Cl-, N-NH4+ and SO42- allows for the classification of waters Supraśl to
first-class quality. Because of the BOD5 value the
Supraśl can be classified as second class quality
and due to the concentration of PO43- the studied
river water can be defined as non-classified.
In the variables set statistically significant
correlations were observed at the level of α = 0.05
between pH and PO43- load (Table 3). That link it
belonged to a group of moderate negative correlation (-0.38). In terms of increasing pH the amount
of dissolved phosphates in water decreases. The
result of that process can be gradual accumulation
of phosphorus in bottom sediments. It was also
observed relationship between Cl- and SO42- load
and conductivity. Value of this relationship was
positive and for the individual components was
equal 0.27 and 0.28 respectively. The link in the
case of Cl- and SO42- can be explained as a param-

Table 3. Pearson correlations between variables adopted for analysis
Loads

pH

Conductivity

O2

Cl-

BZT5

N-NH4

SO42-

PO43-

Odczyn

1.00

-0.20

-0.03

0.14

-0.05

0.16

0.04

-0.38

Przewodność

-0.20

1.00

0.02

0.27

-0.06

0.38

0.28

0.15
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O2

-0.03

0.02

1.00

-0.14

0.03

0.11

0.13

0.22

Cl-

0.14

0.27

-0.14

1.00

-0.01

0.20

0.38

-0.01

BZT5

-0.05

-0.06

0.03

-0.01

1.00

0.43

0.49

0.09

N-NH4

0.16

0.38

0.11

0.20

0.43

1.00

0.73

0.03

SO4

2-

0.04

0.28

0.13

0.38

0.49

0.73

1.00

0.23

PO4

3-

-0.38

0.15

0.22

-0.01

0.09

0.03

0.23

1.00
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eter describing the relation of bulk salinity and
its individual components. BOD5 load was linked
with N-NH4+ and SO42- loads. This link is in both
cases was positive and amounted to 0.43 and 0.49
respectively. This relation may indicate a common source of these nutrients which are treated
wastewater discharged by treatment plants located in the Supraśl basin.

CONCLUSIONS
1. Supraśl waters, due to the values of most analyzed parameters, should be classified as first
quality class.
2. The source of Cl-, SO42-, N-NH4+ in the Supraśl
waters were treated wastewater and other anthropogenic sources associated with catchment development.
3. Reduced Supraśl water quality is caused by
the inflow of organic substances expressed
by BOD5 of natural and anthropogenic origin
and concentration of PO43-, whose main source
was treated wastewater.
4. It was shown that correlations between the
loads of BOD5, N-NH4+ and SO42- may be
related to a common origin source of those
ingredients in the Supraśl waters. Concentration and loads distribution of these parameters
along the river also points to their common
origins which are treated wastewater located
in the catchment area.
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