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INTRODUCTION

ABSTRACT

The main purpose of this study was to evaluate the effect of treated sewage flowing from
sewage treatment plants located in the basin of the Suprasl river on the concentration
and load of metals in river waters and its main tributaries. Three measuring- control
points were chosen, on the river and its tributaries, located near Grodek, Sokdtka and
Dobrzyniewo. Selected points were located behind the discharge of treated wastewa-
ter from sewage treatment plants respectively — Grodek, Sokotka and Bialystok. The
samples of treated sewage and water were collected in a period from May to November,
once a month in 2014. Each individual sample was examined for the content of dis-
solved form of the following metals: Pb*", Cu®", Cd**, Ni**, Zn?*, Fe*"**, After taking
into account water flow of the Biata, Sokotda and Suprasl in every month, metals loads
expressed in mg-h'!, transported by the Supra$l and its tributaries waters were calcu-
lated. In the study monthly metals loads discharged into the Biata, Sokotda and Suprasl
by sewage treatment plants in Biatystok, Sokdtka and Grodek were also calculated. The
studies have shown the impact of metals load in treated wastewater on metals loads in
waters of studied rivers based on the obtained correlation. Most of the searched relations
between loafs of Pb?* —r = 0,88; Cd*" —r = 0,98; Fe*"** —r = 0,45; Ni** —r = 0,55; Zn*"
—1 = 0,86 were obtained in case of wastewater treatment plant in Grodek and Suprasl
waters. In the study period we observed a diversity in concentration of Cd*", Fe***, Ni**
and Zn”" in treated sewage and in river waters, which affected loads of this metals.

Keywords: sewage treatment plant, heavy metals, water.

The content of metals in natural waters is
low. The most important source is land leach-

The inorganic contaminants include metals in
the environment. As heavy metals are defined as
those whose specific weight exceeds 5 gr-cm™. This
group includes, among others, chromium (Cr),
cadmium (Cd?*"), nickel (Ni**) and lead (Pb*") and
microelements — zinc (Zn**) and copper (Cu?").
Most of them are highly toxic and dangerous —
they accumulate in the environment and causes
downturn, mainly in biochemical processes of
organic matter decomposition, including a reduc-
tion in the efficiency of biological sewage treat-
ment plants and water purifying process [Florc-
zyk and Golowin 1980, Hermanowicz et al. 1999,
Brzéska et al. 2007].
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ing, containing metals in its composition [Duffy
and vanLoon 2008]. They can penetrate waters
with their runoffs. An important anthropogenic
source are industrial waste water mainly from
the chemical, metallurgical and galvanic fa-
cilities [Kociotek-Balawejder and Stanistawska
2012]. The source of increased metal content can
also be corroded pipelines and tanks, made of
raw materials, which was composed from these
elements [Hermanowicz et al. 1999]. Increased
metals amounts in environment contributes to
the intensification of agriculture and transport
development [Duffy and van Loon 2008, Pieku-
tin 2008]. Metals occurrence in surface waters
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are mostly affected by the type and degree of
catchment urbanization.

The aim of this study was to evaluate the ef-
fect of the treated sewage flowing from sewage
treatment plants located in the Supra$l basin on
the concentration and metals loads in river water
and its main tributaries.

METHODS

The Suprasl length is 93.8 kilometers, mak-
ing it the second largest river in Podlaskie
[Skorbitowicz 2010]. It is a tortuous and mean-
dering lowland river, which is characterized by
a small decline (0.76%0) with an average flow of
4.18 m*s!. It flows in a well-shaped, broad val-
ley. It begins its run near the village of Topolany
and heads eastwards. By Michatowo it turns north
and runs through Groédek, followed by a large part
of Knyszynska Forest. Then, it passes Suprasl
and Wasilkow and in the village of Ztotoria it falls
into the Narew on 299.8 kilometers of its course.

Its two main tributaries are the Stoja and
Sokotda. Ptoska and Biata also falls to the Suprasl
river, which is main receiver of the treated sew-
age from plant in Biatystok. In Wasilkow the
Suprasl waters are used as drinking water for
Biatystok, which contributed to protection zone
embrace. Forests cover 30% of the catchment
area. A large share of which are also wetlands and
peat bogs. On the Suprasl river and its tributaries,
3 measuring — control points were chosen, located
near Grodek, Sokétka and Dobrzyniewo. Select-
ed points were located behind the discharge of
treated wastewater from sewage treatment plants
Grodek, Sokoétka and Biatystok (Figure 1).

The sewage treatment process in Bialystok is
based on activated sludge method. In the techno-
logical wastewater treatment stands out mechani-

cal and biological node. Wastewater treatment plant
in Bialystok is one of the largest facilities in Poland.
The throughput is about 100,000 m?*-d-'. The op-
eration principle of sewage treatment plants in
Sokoétka is based on activated sludge method,
which is implemented in sequential biological
reactors. The reactor operating cycle is about 8
hours. The capacity of sewage treatment plant in
Sokotka is up to 6000 m*-d-'. In that facility do-
mestic wastewater with small amount of industri-
al wastewater is treated. Similarly to the Sokotka,
wastewater treatment plant in Grodek is based on
activated sludge method which is implemented
in sequential biological reactors. Reactor cycle is
about 1.5-2 hours. The capacity of sewage treat-
ment plants in Grodek is about 80 m*-d-'.

The samples of treated sewage and water
were collected in period from May to November,
once a month in 2014,

Each individual sample was tested for con-
centration of dissolved form of the following met-
als: Pb?, Cu?*, Cd*', Ni**, Zn**, Fe*"3*. After tak-
ing into account water flow of the Biata, Sokotda
and Suprasl in every research month metal loads
expressed in mg-h', transported by the Syprasl
waters and its tributaries were calculated. In the
study monthly metals loads discharged into the
Biata, Sokolda and Suprasl by sewage treatment
plants in Biatystok, Sokotka and Grodek were
also calculated.

The contents of the analyzed elements was de-
termined by atomic absorption spectrometry (AAS)
using a Varian SpectrAA type — 100. The source of
the oxidizing flame was air-acetylene. Each sample
before the assay was acidified to pH = 2.

Statistical analysis was performed with Sta-
tistica software licensed version 10.0. The scope
of the analysis included descriptive basic mea-
sures, the arithmetic mean, median, minimum,
maximum and standard deviation. Pearson cor-
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Figure 1. Measurement points in Suprasl basin [geomelio.pl]
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relation coefficients were determined between
the metal loads in the Biata, Sokotda and Suprasl
and purified wastewater from individual waste
water treatment plant. The flow of river waters at
some points was defined complementary based
on a mathematical method proposed by Brykata
[2009].

RESULTS AND DISCUSSION

The studies have shown the highest concen-
tration of Pb?" in Sokotda waters at the point of
Sokotka, which amounted to 0.015 mg-dm?. In
contrast, concentrations observed in Grodek and
Dobrzyniewo were similar and were respectively
equal t0 0.010 and 0.011 mg-dm (Tab. 1). Slight-
ly higher range of this element concentrations
was observed by Trawczynska et al. [2009] in the
waters of Bzura rivers. Depending on the mea-
surement point authors report Pb?* concentration
from 0.001 to 0.033 mg-dm™ and point out the
pollution of Poland rivers with lead. Therefore, it
is difficult to determine the natural amount of the
element present in the surface waters.

The concentration of Cd**in each point was
relatively uniform. The smallest concentration of
this element was observed at the point of Sokotka
and the highest in Dobrzyniewo (Table. 1).The
observed values were equal to 0.004 and 0.007
mg-dm respectively. Slightly higher concentra-
tion compared to that observed in Sokdtka was
achieved in Grodek (0.005 mg-dm?). Much low-
er concentration of Cd*" was observed by Palapa
and Maramis [2015] in studies on the quality of
water in a small stream flowing through Tala-
waan, which is located in the vicinity of a gold
mine in Indonesia. Researchers obtained the con-

centration of Cd** ranging from 0.0001 to 0.0004
mg-dm>. As highlighted the values obtained by
them are typical for the average concentration of
this element in waters of other rivers in the region.

The concentrations of Cu?" were very similar
in each measuring point and amounted to 0.040,
0.050 and 0.060 mg-dm= in Sokotka, Grodek and
Dobrzyniewo (Table 1).

The concentration of Fe***in Suprasl water
observed in Grodek was equal to 0.86 mg-dm>.
Slightly less iron was in the waters around
Sokoétka (0.77 mg-dm?), and the least in Do-
brzyniewo (0.51 mg-dm) (Table 1). A greater
range of concentrations of this element was ob-
tained by Kaniuczak and Augustyn [2011] in the
studies conducted in the river Wistok. The ob-
served amounts of Fe?”** ranged between 0.080
and 2.870 mg-dm?.

The concentration of Ni*" and Zn>* were the
least diverse from all the analyzed elements. In
the case of nickel, the same concentration in water
was reported in Grodek and Dobrzyniewo (0.040
mg-dm™), while in Sokolka Ni** concentration
reached almost twice as much (0.070 mg dm™).
In the waters of Grodek and Sokotka the same
concentration of Zn’" were observed amounting
to 0,030 mg-dm in water of Dobrzyniewo Zn*"
concentraion was two times higher reaching a
value of 0.060 mg-dm?.

Lead concentrations in treated wastewater
from all the objects was similar (Table 2). The
least of this element occurred in wastewater
from treatment plant in Bialystok and Grodek
(0.010 mg-dm?3). Slightly more lead was re-
corded in treated wastewater from the Sokotka
(0.011 mg-dm). Cd* concentration in treated
wastewater from individual facilities was var-
ied. Least Cd** was in treated wastewater from

Table 1. Average concentrations of metals in water behind the discharge of treated sewage

_ P> | ce | o | Fe | N | zom
Point
[mg-dm]
Grodek 0.010 0.005 0.050 0.860 0.040 0.030
Sokotka 0.015 0.004 0.040 0.770 0.070 0.030
Dobrzyniewo 0.011 0.007 0.060 0.510 0.040 0.060
Table 2. The average concentration of metals in treated wastewater
. Pb?* Cd? Cu? Fe2*+ Ni Zn?*
Point
[mg-dm-~]
0S Grédek 0.010 0.009 0.060 0.700 0.020 0.120
0S$ Sokétka 0.011 0.014 0.060 1.070 0.040 0.190
0S Biatystok 0.010 0.011 0.050 0.330 0.010 0.050
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Grodek (0.009 mg-dm™), while the highest in
wastewater from sewage treatment plant in the
Sokétka (0.014 mg-dm™). In turn, the concentra-
tion in treated wastewater from Bialystok was
equal to 0.011 mg-dm=. Concentrations of Cu?*
in particular objects were very similar and ranged
from 0.050 to 0.060 mg-dm?. The concentration
of Fe’”*varied. The least Fe**" was recorded
in treated wastewater discharged from treatment
plant in Bialystok (0.330 mg-dm?). In waste-
water discharged from Grodek, Fe?* level was
more than twice as high as in treated wastewater
from Bialystok (0.700 mg-dm™), but most of this
element was in the wastewater from the Sokotka
(1,070 mg-dm™). The concentrations of Ni*" and
Zn*" were characterized by a similar distribu-
tion in treated wastewater in each facility. The
maximum concentration of both elements were
observed in wastewater from the Sokdtka (0.040
mg-dm> for Ni** and 0.190 mg-dm for Zn*"). In
turn, the minimum concentration of both elements
occurred in sewage from Bialystok equal respec-
tively to Ni*" and Zn** 0.010 and 0.050 mg-dm™.
However, in treated wastewater from Grodek
the concentration of these elements for Ni*" was
0,040 mg-dm™, while 0,120 mg Zn?" -dm™.

For all the studied elements, none of the studied
facilities exceeded the limits set by the Regulation
of the Minister of Environment of 18 November
2014 on the conditions to be met when introducing
sewage into water or soil and on substances par-
ticularly harmful to the aquatic environment.

Loads of individual elements within the
study period were relatively balanced, as evi-
denced by similar values of arithmetic mean and
median (Table 3). Wastewater treatment plant
in Grodek discharged into the waters of Suprasl
mostly Fe*3*, whose average amount was equal
to 76.48 mg-h'. Pb** and Cd** were the least dis-
charged loads and were equal to 1.10 and 0.93
mg-h'! respectively. Cu®* charge was a few mg-h!,
Zn*" dozen and Ni*" about 2 mg-h'. A number
of discharged loads of the elements can be pre-
sented as follows: Fe?"*">Zn**>Cu*>Ni*">Pb*">
Cd?". In the Suprasl behind the discharge of sew-
age from a sewage treatment plant in Grodek,
the average charge of Fe*3* (0.178 mg'h!) was
the largest and the lowest of Cd** (0.001 mg-h)
(Table 4). Dispersion of results from the mean
values was small as evidenced by the value of
standard deviation.

Loads of metals in wastewater from sewage
treatment in Sokotka were higher in relation to
wastewater from treatment plants in Grodek (Ta-
ble 5). This is related directly to the size of each
plant. Sewage treatment plant in Grodek repre-
sents a relatively small group of objects. Similar
to wastewater treatment plants in Grodek, Sokotka
discharged largest load of Fe?"3*and Zn*', and the
smallest of Pb*" and Cd?*" (Tables 3 and 5). In the
case of wastewater treatment plant in Sokoétka a
slightly different number of discharged loads was
observed, which was as follows: Fe**"™>Zn*>C
u?*>Ni>Cd?*>Pb*. In Sokotda waters the high-

Table 3. Loads of metals in treated wastewater from sewage treatment plants in Grodek

Element Unit Arithmetic mean Median Minimum Maximum Standard deviation
Pb?* 1.10 0.90 0.23 2.37 1.05
Cd?** 0.93 0.90 0.53 1.38 0.36
Cu?* 6.07 7.07 217 7.94 2.64
mg'h’
Fe2+3* 76.48 63.05 42.87 136.97 41.48
Ni2* 1.90 1.80 0.76 3.27 1.1
Zn?* 13.37 14.10 1.07 24.20 10.11

Table 4. Loads of metals in water of the Suprasl river behind discharge of sewage from sewage treatment plant

in Grédek
Element Unit Arithmetic mean Median Minimum Maximum Standard deviation
Pb? 0.002 0.002 0.001 0.004 0.001
Cd* 0.001 0.001 0.000 0.002 0.001
Cu® 0.010 0.009 0.002 0.020 0.006
Fe2++ g 0.178 0.180 0.090 0.273 0.069
Niz* 0.008 0.006 0.004 0.016 0.004
Zn? 0.006 0.004 0.002 0.012 0.004
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Table 5. Loads of metals in treated wastewater from sewage treatment plants in Sokotka

Element Unit Arithmetic mean Median Minimum Maximum Standard deviation
Pb2* 8.82 9.58 0.04 16.02 7.43
Cd> 11.45 11.63 5.29 17.21 5.30
Cu® 51.84 49.97 24.80 82.66 30.75
Fe23* mgh 884.20 892.40 421.42 1330.56 403.95
Ni2* 34.09 27.76 20.99 59.87 18.21
Zn? 159.55 194.26 19.37 230.22 95.31

Table 6. Loads of metals in Sokotda river behind the discharge of sewage from a sewage treatment plant in

Sokétka
Element Unit Arithmetic mean Median Minimum Maximum Standard deviation
Pb? 0.010 0.008 0.005 0.020 0.005
Cd* 0.003 0.002 0.001 0.005 0.002
Cu® 0.025 0.022 0.006 0.043 0.015
Fe2++ mgh 0.487 0.432 0.165 0.735 0.207
Ni2* 0.049 0.030 0.016 0.133 0.042
Zn? 0.019 0.024 0.002 0.032 0.013

est average load was from Fe*”** (0.487 mg-h?)
and the lowest from Cd?** (0.003 mg-h™') (Table 6).
The standard deviation does not indicate a large
deviation from the average.

Similarly, as in the case of the two earlier fa-
cilities, the largest discharges load from Bialys-
tok was from Fe*”**and Zn?" (Table 7). The low-
est discharge from the wastewater load was Pb**
and Cd*". The loads of other elements were more
than ten times greater than those discharged from
the treatment plant in Sokolka and more than one
hundred times greater than those form Grodek.
The values of metal loads, as in other objects,
were directly related to the volume of wastewater
and the average volume of monthly wastewater
inflow. The sewage treatment plant in Bialystok
showed the same number of discharged loads as
wastewater treatment plant in Sokotka (Fe?™*™>
Zn*>Cu?>Ni*>Cd*>Pb?"). In the Biata waters
the greatest load was form Fe?*”** (1,354 mg-h')
and the lowest form Cd* (0.017 mg-h') (Table
8). Loads of metals in waters of the Biala in Do-
brzyniewo were greater than those observed in the
Suprasl waters (point Grodek) and the Sokolda
(point Sokotka). It is related to load values in
wastewater discharged by the analyzed facilities.

Comparing to all the studied treatment plants,
significantly greater loads of the individual ele-
ments were obtained by Deycarda et al. [2014] in
a sewage treatment plant in Fargue Louis, France.
The studies of wastewater from treatment plant
was characterized by the equivalent number of in-
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habitants at 287,000 and average daily flow in the
range of 80,000 to 200,000 m?*-d"'.

Statistical calculations revealed high Pear-
son correlation coefficients between the charges
of most metals in wastewater discharged by the
plant in Grodek and their loads in the Suprasl
waters. These relationships were as follows:
Pb* —r=0.88; Cd**—r=0.98; Fe*"**, - r = 0.45;
Ni** —r = 0.55; Zn** — r = 0.86. The calculation
results indicate a high metal charges connection
in the Suprasl waters from the Grodek area with
loads of metals in wastewater discharged from
sewage treatment plant in Grodek.

Loads of Cd* and Cu*' in the wastewater
discharged from wastewater treatment plant
in Sokotka shaped the loads of these metals in
Sokolda waters at the point of Soko6tka. A strong
dependence was achieved at the level for Cd* —
r=0.89 and Cu* —r=0.69. In this case only two
strong dependences were obtained in accordance
to Grodek.

Loads of Cd** and Zn** in Biata waters at the
point of Dobrzyniewo are strongly dependent to
loads of these metals in wastewater discharged
from sewage treatment plant in Bialystok. The
dependence show Pearson coefficients for: Cd**
—1=0.77; Zn>*—r = 0.81. For other metals there
was no sufficiently strong relations observed.

The values of the studied metals loads were
affected by the flow of water and the concentra-
tion of the metal. It is worth to note differences in
metal concentrations in treated wastewater and in
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Table 7. Loads of metals in treated wastewater from sewage treatment plants in Biatystok

Element Unit Arithmetic mean Median Minimum Maximum Standard deviation
Pb2* 151.20 172.08 31.14 228.96 88.92
Cd* 160.56 159.12 95.47 227.88 57.24
Cu® 808.92 889.56 368.03 1088.64 328.68
Fe2s* mgh 4995.36 4700.16 4247 .64 6333.12 984.24
Ni 222.48 207.00 122.69 352.80 105.12
Zn* 828.00 967.68 14414 1233.00 511.20

Table 8. Loads of metals in the Biata river behind discharge of sewage from a sewage treatment plant in

Bialystok
Element Unit Arithmetic mean Median Minimum Maximum Standard deviation
Pb? 0.027 0.025 0.011 0.052 0.015
Cd* 0.017 0.016 0.007 0.032 0.009
Cu® 0.139 0.102 0.007 0.388 0.120
Fe2+s+ mgh 1.354 1.312 0.044 2.361 0.747
Niz* 0.099 0.060 0.041 0.252 0.080
Zn? 0.156 0.123 0.043 0.311 0.095

the waters of the receiver, such asin Grodek vicin-
ity. In the case of Fe*** the observed differences
were quite large, in the case of Cd** and Ni** the
differences were almost twice as large, and in the
case of Zn*" (up to four times). The Suprasl river
flow is comparable in points Grodek and Sokotda
(Sokotka) and Biata (Dobrzyniewo) and Grédek
wastewater treatment plant by the smallest
throughput. The smallest loads of metals in the
treated wastewater from sewage treatment plant
in Grodek of all studied also considering the issue
of the achieved correlation. Probably, improper
work of sewage treatment plants in Grodek is the
cause of correlations between the studied charges
which have also been confirmed in other studies
conducted by the authors of the study. Correlated
loads of Cd** in all three cases are confirmed in
large differences in the concentration of the metal
in the treated wastewater and water loads. A simi-
lar situation also occurs partly in the case of Zn*".

CONCLUSIONS

1. During the studies the concentration difference
detected for Cd**, Fe*"**, Ni** and Zn?" in the
treated wastewater and the water receivers af-
fect the formation of the loads of these metals.

2. Studies have shown the impact of metals loads
in treated wastewater on loads of metals in the
receivers waters based on the calculated cor-
relation. The highest correlation was found

between charges of Pb** —r=0.88; Cd* —r=
0.98; Fe?"**,—r=0.45; Ni** —r=0.55; Zn*" —
r = 0.86 in the case of wastewater treatment in
Grodek and Suprasl water.

3. Loads of certain metals in the wastewater
from sewage treatment plant in Bialystok
were more than ten times larger than the loads
discharged by the plant in Sokotka, and more
than one hundred times larger than the loads
from Grodek. The loads depended on the size
of sewage treatment technologies.

4. For all the studied facilities, there were no fa-
cility that exceeded the limits set in the Decree
of the Minister of the Environment of 18 No-
vember 2014 on the conditions to be met when
introducing sewage into water or soil.
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