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INTRODUCTION

ABSTRACT

The main purpose of the study was to evaluate water quality of the Supra$l river and
identify its main pollution sources. On the river and its tributaries, 8 control points were
selected, located near Krynica, Grodek, Nowosiotki, Zasady (mouth of the tributary
Sokotda), Suprasl, Nowodworce, Dobrzyniewo (mouth of the tributary Biala) 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, CI, SO42', N-NH,", P-PO 43‘ and the values of pH,
BOD; and electrolytic conductivity were indicated. Based on the obtained results, loads
of the individual components in river waters were calculated as a product of concentra-
tion and Suprasl waters flow rate in a particular month. Suprasl waters, due to values
of most analyzed parameters, should be classified as first quality class. The source of
CI, SO,*, N-NH," in Suprasl waters were treated wastewater and other anthropogenic
sources associated with the basin development. Reduced Suprasl water quality is caused
by the inflow of organic substances expressed by BZT, from natural and anthropogenic
origin and concentration of PO,*, which were mainly delivered with treated wastewater.

Keywords: water quality, pollution, river, wastewater.

Bajkiewicz-Grabowska and Mikulski 2010, Pto-
szek 2014]. Anthropogenic input of pollutants

Water is an excellent solvent, so it can in-
clude almost all substances naturally occurring
in the earth’s crust and substances of anthropo-
genic origin [Ptoszek 2014, Skorbitowicz and
Ofman 2014]. Among all water bodies, rivers
have the most heterogeneous chemical and bio-
logical composition, which is often associated
with a large area occupied by their catchments
[Kiryluk i Skorbitowicz, 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 pol-
lution [Duffy and VanLoon 2008, Sojka 2009,
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into the river water is caused by the proximity of
villages and towns, all of which are discharging
domestic and industrial wastewater and agricul-
tural areas, which are a source of plant protec-
tion products and fertilizers [Allan 1998, Pieku-
tin 2008, Kociotek-Balawejder and Stanistawska
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 Suprasl river is one of the
drinking water sources for Biatystok agglomera-
tion and control of this water is necessary [Os-
mulska-Mréz et al. 1993].
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The aim of this study was to evaluate water On the river and its tributaries, 8 control
quality of the Supra$l river and to identify its  points (Figure 1) were selected, located near
main pollution sources. Krynica, Grédek, Nowosidtki, Zasady (mouth

of the tributary Sokotda), Suprasl, Nowod-

worce, Dobrzyniewo (mouth of the tributary
METHODS Biata) and Dzikie. The control points were se-
lected in such a way as to take into account the
impact of major point sources of analyzed com-
ponents located along the river and its main
tributaries on water quality in main stream
catchment. Water samples were collected once
a month during the period from May to Novem-

The Suprasl catchment covers the area of
1,844.4 km? and is located in the central part of
the region of Podlasie. It is a typical agricultur-
al area of moderate economic growth. Suprasl
is the second largest river in Podlaskie. Its total

length is 93.8 km, and the average flow is 4.18 ber in 2014. The water was collected to con-

m*s! . [Skorb.ii.owicz 20.1 0]. Due to f[h.e hyc.lro— tainers made from dark glass and plastic, from
graphic conditions the river can be divided into the depth of about 0.5 meters.

three sections - upper Suprasl (93-73 km), cen- In water samples the concentration of dis-
tral Suprasl (79-29 km) and lower Suprasl (29-0 solved oxygen, CI, SO,>, N-NH,*, P-PO* and
. . . 9 2 4 2 4 b 4
km). It begins its run near the village Topolany e valyes of pH, BOD; and electrolytic conduc-
and heads east. By Michatowo it turns north and  tiyity were indicated. Cl content was determined
runs through Grodek, followed by a large part of by Mohr method. SO >, N-NH,*, P-PO > were de-
’ ’ . * 4 2 4 ° 4
Knyszynska Forest. Passes Suprasl and Wasilk-  (ermined by the colorimetric method using a UV-
ow and in the village Zlotoria falls into Narew on /g spectrophotometer HACH DR-3900. pH
299.8 1.<110mete.rs of its course. conductivity and dissolved oxygen concentra-
~ Itis a typical lowland I'IVCI‘,O it is character-  {jon were determined by a potentiometric device.
ized by a slight decrease (0.76 %o) and lack of  paged on the obtained results loads of the individ-
violent floods. Suprasl flows in the well shaped, 131 components in river waters were calculated as
broad valley. Forests cover 30% of the catchment product of concentration and the Suprasl wa-
area. A major ro}e in basins plays swamps and o1 flow rate in a particular month. Surface water
peat bogs. Suprasl is a tortuous and meandering i,y in the basin were obtained from the Institute
river, it has 18 tributaries. The first major tribu- of Meteorology and Water Management. At the
tary is river Stoja. It flows into the Suprasl near  ,,ints where flow was not indicated its values

Nowosiotki. Above Wasilkow, to Suprasl falls  yere calculated using the equation presented by
Sokolda — one of the biggest tributary [Program Brykata [2009]:

gospodarczo-ochronny... 2013]. In addition, be- Qg — Qu

side Sokotda to the Ploska and Biala rivers also p=——m €

fall to the Suprasl — the main receiver of treated La-B

sewage from Bialystok Sewage Treatment Plant. ~ where: p —river waters flow increase [dm*'s™-km™],

In Wasilkow, there is a surface water intake point 0,, O, river water flow in subsequent

from which water is delivered to Bialystok for do- points [dm’'s™],

mestic and industrial usage. L, ,— distance between control points [km].
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Figure 1. The measuring points on the Supra$l river [geomelio.pl]
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The scope of statistical analysis included ba-
sic measures: the arithmetic mean, median, stan-
dard deviation and extreme values of individual
components. In addition, between the charges
parametric Pearson correlation coefficients were
calculated. Due to the heterogeneity of units in
which individual variables and their values were
expressed, their values have been standardized in
accordance with the equation:

X~ % )
0S (

where: x_— variable value after standardization,
x — concentration of tested component,
X — average concentration of tested com-
ponent,
OS — standard deviation.

Xst =

RESULTS AND DISCUSSION

pH of water samples ranged from 6.95 to
8.06, which shows slight variations in its value
over the period of the study (Table 1). The ob-
tained values of this indicator were characteristic
for uncontaminated surface waters [ Skorbitlowicz
etal. 2003]. The largest pH value was observed in
the water collected in vicinity of Zasady, and the
lowest around Krynica.

The conductivity of the water was diverse,
and varied in a range from 391.80 to 563.33
uS-cm. The highest average value of this in-
dicator was observed in point Dzikie, and the
lowest in Nowosiotki. The resulting conductiv-

ity values were different from those achieved by
Skorbitowicz [2010]. The scope of this indicator,
which was observed by the author in the waters
of the Suprasl ranged from 220 to 1069 uS-cm™.
During the study period conductivity changed
regularly, as evidenced by similar values of arith-
metic mean and the median, equal to 460.14 and
461.30 uS-cm respectively.

The average concentrations of dissolved oxy-
gen in water did not change significantly along
the Suprasl river. In each sample, the concentra-
tion of that component was not less than 7.50
mg-dm. On average, most of the dissolved oxy-
gen was observed in Nowodworce (8.57 mg-dm)
and the least in Grodek (7.06 mg-dm), which
may be a consequence of water self-purification
[Ptoszek 2008], because organic matter degra-
dation processes is consuming larger amounts
of dissolved oxygen. Grodek is the location of a
sewage treatment plant that discharges the treated
wastewater to the Suprasl waters and can affect
the amount of oxygen. In the area of Grodek agri-
cultural areas are located where organic fertiliza-
tion in a form of slurry is performed, which can
be a source of increased organic matter amounts,
getting out into Suprasl waters and reducing dis-
solved oxygen concentration.

CI concentration in water from various control
points was relatively diverse and varied in a range
from 5.46 to 11.87 mg'dm= (Table 1). The smallest
amounts of this indicator were observed in points
Nowodworce and Nowosiotki, which were respec-
tively equal to 5.86 and 5.46 mg'dm. The highest

Table 1. Concentration summary (arithmetic mean) of tested indicators in Suprasl river waters in 2014

pH | Conductivity| D'Ssolved cr BZT N-NH,* S0 PO, >
Localization oxygene ’ NH4 N ;O P40 -

pH | [uSom] |[mg O, dm] [mg C~dm?] |[mg O,dm| (MM | 1Mo SD: 1 [mg M
Krynica 6.95-8.05 50209 8.10 165 135 0.07 8.24 0.15
Grédek 6.74-8.06| 404.70 7.06 4.5 7.86 0.42 24.09 3.98
Nowosisti  |7.16-7.68| 391.80 7.53 8.29 5.14 0.45 52.35 108
Zasady 731-800| 47460 7.66 21.55 7.57 0.53 7715 133
Suprasl 747-780| 448.00 7.54 40.45 46.95 136 192.26 3.64
Nowodworce  |7.20—7.86| 402.39 8.57 38.49 32.45 153 24727 3.87
Dobrzyniewo | 7.25-7.94| 494.20 7.81 13.26 8.13 0.44 63.25 143
Dzikie 715-801| 56333 7.97 95.29 37.26 6.16 363.73 13.86
Arithmetic mean| - 460.14 7.78 27.94 18.34 137 128.54 3.67
Median - 46130 7.74 17.41 7.99 0.49 70.20 253
Standard - 50.77 0.45 30.90 17.60 2.00 126.24 4.37
Minimum 6.95 391.80 7.06 165 135 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> 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 Sokotda and CI-
concentration could be influenced by treated waste-
water from sewage treatment plant in Sokolka,
while the Dzikie and Dobrzyniewo points were
located downstream of the treated wastewater dis-
charge from sewage treatment plants in Biatystok.
Much higher CI concentrations were observed by
Augustyn et al. [2012] in the studies carried out
in the Wistoka. The average concentration of Cl-
observed by the authors was 18.7 mg'dm™, with a
variance in a range from 3.7 to 93.0 mg'dm. The
authors point out that the highest concentration of
CI occurred in upper Wistoka, where the discharge
of mine water occurs.

The largest load of chlorides occurred in
Dzikie and amounted to 95.29 g Cl-s! (Table
2). Before Dzikie, the Biala estuary which flows
through Bialystok receiving any excess ingredients
from urbanized areas, including components origi-
nating from sewage treatment plants, falls into the
Suprasl. The smallest load was obtained in waters
collected from Krynica and Grodek, values of Cl-
loads were equal to 1.65 and 4.52 g Cl-s™'. Krynica
is located on semi-natural areas, which were asso-
ciated 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 Suprasl catchment. This
indicator is often used to determine the migration
routes of other components. The median and stan-
dard 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 Suprasl waters,
which is associated with a variety of this nutrient
sources within the catchment.

BOD, values in water along the monitoring net-
work were relatively aligned. The highest values
of this indicator were in Grodek and Supra, which
amounted to 11.14 and 7.71 mg'dm™ and the lowest
in Nowosiotki and Zasady (3.14 and 3.29 mg-dm™)
(Table 1). Indicated in water BOD, values near
Grodek were dependent on two wastewater treat-
ment plants located in Grodek and the Michatowo.
A similar range of this indicator was observed by

Krzeminska et al. [2006] in the studies conducted in
the lower section of the Smortawa river. The authors
report BOD, value in a range of 1.5 to 8.1 mg-dm”.
Due to BOD; load values (Table 2) the stud-
ied river can be divided into two parts. The first
includes agricultural areas, where there are least
settlement units. That area is located from Kryni-
ca to Zasady, where the load of BOD, was small
and underwent minor changes along the water-
course on this section (from 1.35 to 7.57 g O's™).
These areas are covered largely by Knyszynska
Forest, which may help to reduce the migration of
organic substances [Skorbitowicz 2004 Piekutin
2008]. Forest should be regarded as geochemical
barrier. The second part of the basin characterized
by a much larger loads of BOD, 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 BOD, for this area were
higher and ranged from 32.45 to 46.95 g O,s™.
Changes in concentration of N-NH, “in Suprasl
waters were similar to changes which chlorides
were subject to (Table 1). Just as in the case of Cl
maximum concentration of N-NH, " was observed
in waters around Grodek and Dzikie and were
equal 0.58 and 0.59 mg'dm™ respectively. A com-
mon maxima of these components suggest a com-
mon source, which in this case may be sewage
treatment plants. In other points the concentration
of N-NH," changed in range from 0.19 to 0.32
mg-dm. Chomutowska and Wilamowski [2014]
received a similar range of N-NH," in studies car-
ried out in Lutownia river waters flowing through
the Bialowiska Forest. The authors recorded re-
sults within the range from 0.36 to 0.70 mg-dm?.
The largest load of ammonium nitrogen (6.16
g N-NH,s™") occurred in water collected at point
Dzikie, which was associated with the loads of
components carried with the Biata, which flows
into the Suprasl near that point (Table 2). The
smallest load (0.07 N-NH,'s") was observed in
water collected in Krynica, which is due to the
absence of significant sources of organic mat-
ter at this point. The spatial distribution loads of
N-NH," and BOD;, loads may indicate a common
source of these nutrients in the Suprasl basin.
SO,* 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). SO,* varied
from 27.96 to 38.37 mg-dm>. The lowest con-
centration of SO,* was observed in water near
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Supra$l and the largest near Dobrzyniewo. The
observed concentrations of SO,* are among the
values found in uncontaminated waters.

The lowest load of SO,* (8.24 g's') was ob-
served in water taken from point Krynica (Table 2).
An upward trend of SO,* load along the river was
observed, which was related to the gradual semi-
natural enrichment of Suprasl waters in SO,* as a
result of runoff from its catchment area and from
anthropogenic sources. A significant reduction in
load of SO,* in waters collected from Dobrzyniewo
was reported. Arithmetic mean and median of SO,
loads was equal to respectively 128.54 g SO, *s’!
and 70.20 g SO,*s". Changes of SO,* loads along
the river were similar to Cl- changes, which may in-
dicate a common origin of these components.

PO, concentration in water of the Suprasl
river varied (Table 1). The largest concentra-
tion of PO, recorded in waters near Grodek and
Dzikie, which were respectively 5.35 and 1.43
mg-dm™. The reason for increased PO,* concen-
tration may be discharges from the wastewater
treatment plant adjacent to water sampling sites.
In remaining control points PO,* concentration
was aligned and varied from 0.50 to 0.89 mg-dm.
Lower PO, *concentration within the range from
0.038 to 0.59 PO, were shown by Wiatkowski
[2010] in water flowing into Psuréw reservoir.

The lowest phosphates load (0.15 g PO *s™)
was observed in water taken from Krynica (Ta-
ble 2). The largest load was achieved in Dzikie
(13.86 g PO,*+s"), so that the difference between
the largest and smallest load was very high,
which could be related to the discharge of inad-
equately treated sewage from the plants located
in the Suprasl basin [Skorbitowicz 2004 Piekutin
2008]. The presence of large differences between
loads values were confirmed by standard devia-
tion values equal to 4.37 g PO *s™.

Comparing the concentrations of each compo-
nent with numbers falling within the limits from

Table 2. Loads summary (arithmetic mean) of tested
indicators in the Supra$l river waters in 2014

o cr | BzT, |N-NH,| sO2 | PO
Localization
[g's]

Krynica 165 | 1.35 | 0.07 | 824 | 0.15
Grodek 452 | 7.86 | 042 | 24.08 | 3.98
Nowosiotki 829 | 514 | 045 | 5235 | 1.08
Zasady 2155 | 757 | 053 | 77.15 | 1.33
Supras| 40.95 | 46.95 | 1.36 | 19226 3.64
Nowodworce 3849 | 3245 | 153 |247.27| 387
Dobrzyniewo 1329 | 813 | 044 | 6325 | 1.43
Dzikie 9529 | 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 | 049 | 7020 | 2.53
Standard deviation | 30.90 | 17.60 | 2.00 |126.24| 4.37
Minimum 165 | 1.35 | 0.07 | 824 | 0.5
Maximum 9529 | 46.95 | 6.16 |363.73| 13.86

Regulation of the Minister of Environment of 22
October 2014, it was found that pH, conductiv-
ity, dissolved oxygen, CI', N-NH," and SO,* al-
lows for the classification of waters Suprasl to
first-class quality. Because of the BOD; value the
Suprasl can be classified as second class quality
and due to the concentration of PO, the studied
river water can be defined as non-classified.

In the variables set statistically significant
correlations were observed at the level of a=0.05
between pH and PO,* load (Table 3). That link it
belonged to a group of moderate negative correla-
tion (-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 CI- and SO,* 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 SO, can be explained as a param-

Table 3. Pearson correlations between variables adopted for analysis

Loads pH Conductivity O, CI- BZT, N-NH, 80, PO >
Odczyn 1.00 -0.20 -0.03 0.14 -0.05 0.16 0.04 -0.38
Przewodnos¢ -0.20 1.00 0.02 0.27 -0.06 0.38 0.28 0.15
0, -0.03 0.02 1.00 -0.14 0.03 0.1 0.13 0.22

Cl- 0.14 0.27 -0.14 1.00 -0.01 0.20 0.38 -0.01
BZT, -0.05 -0.06 0.03 -0.01 1.00 0.43 0.49 0.09
N-NH, 0.16 0.38 0.11 0.20 0.43 1.00 0.73 0.03
SO, 0.04 0.28 0.13 0.38 0.49 0.73 1.00 0.23
PO*> -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. BOD; load was linked
with N-NH,"and SO,* loads. This link is in both
cases was positive and amounted to 0.43 and 0.49
respectively. This relation may indicate a com-
mon source of these nutrients which are treated
wastewater discharged by treatment plants locat-
ed in the Suprasl basin.

CONCLUSIONS

1.

Suprasl waters, due to the values of most ana-
lyzed parameters, should be classified as first
quality class.

The source of CI', SO,*, N-NH," in the Suprasl
waters were treated wastewater and other an-
thropogenic sources associated with catch-
ment development.

. Reduced Suprasl water quality is caused by

the inflow of organic substances expressed
by BOD; of natural and anthropogenic origin
and concentration of PO,*, whose main source
was treated wastewater.

It was shown that correlations between the
loads of BOD,, N-NH," and SO, may be
related to a common origin source of those
ingredients in the Suprasl waters. Concentra-
tion 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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